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Unicardium  plenum   


MoLLUSCA  (eontmued), 
LameUibranekUUa  (continued). 


UpperGreensaud 


Corallian. 


Cambridge 


England 


(Gaf/«rqpoi{a.) 


''■] 


rL  XIV.  I.  z.  I 
».  PLxiiKf.3.  V 
PLxui.f.4... 
xiii.f.5  ; 


Animmyom  veetU,    PL  ix.  f.  3-5 
Belterophtm  ikmeionensit,    PL  xxiv, 

£.10 

Calyptnea  Cooksoniie    , 

— ^  Grayana.    PL  viL  f.  25 

Cerithium  inornatum.    PL  xiv.  f.  1. 

(qf,  virdanense).    PL  xiv.  f.  2. 

Chemmteia  laugttmentia.  PLxiii.f.3, 
^-—j98mdolirndata,    PI 

ferruginea,    PL  xiii< 

— •  tenUtriaia . 

Crepidula  gaultina.    PL  vii.  f.  21-23. 

alta 

chamttformia,  PL  viL  f.  12-14. 

Crucibulum  gigantewm,    PL  vii.  f.  3» 

4,  and  PL  ix.  f.  1,  2    

E margin  ula  valangiensis.      PL  viii. 

f.  7-9  

puneturtUa,    PL  viii.  f .  1 0, 1 1 . 

Gresslyi.     PL  viii.  f.  12,  13, 

16-18  

divinentii.     PL  viii.  f.  19,  20. 

sanctie-catharinae.     PL  viii.  f. 

21,22 

ancUira.     PL  viii.  f.  23,  24  . . . 

Meyeri.     PL  viii.  f.  14,  15    ... 

unicoitata.     Pi.  viii.  f.  25,  26. 

Fissurella  neocomiensis.     PL  viii.  f. 

1-6  

HelcioH  MeyerL    PL  viL  f.  8-11  ... 

Hipponyx  Dixom.    PL  ix.  f.  12,  13.  | 

Murex  Reedii 

Natica  levittriata.     PL  xxi.  f.  6    ... 

marchametuU.     PL  xiv.  f.  4 ...  1 

feiina.     PL  xiv.  f.  5 \ 

Nerinsa  fusiformis.     PL  xiv.  f.  3...  J 
Neriia  noduhta.    PLxxLf.  7,8  ... 


Neocomian 

Cambrian... 

Gault   

Chalk  


Corallian. 


Crag... 
Qanlt 


LowerGreensand 


UpperGreensand 

Chloritic  Marl... 
Upper  Chalk 

Neocomian  .. 


LowerGreensand 

UpperGreensaud 

and  Chalk 

Crag 

UpperGreensand 


Corallian 

UpperGreensand 


England  ... 
Shropshire 

[England  ... 


England 
Sutton... 


'  England 


Boyton 

Cambridge 

England  ... 

Cambridge 
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Name  of  Spedet. 


Formation. 


Locality. 


Page. 


MoLLUscA  (con/mtcMf). 
GoMteropoda  (continued). 


Koitopait,  ap.     PI.  idr.  f.  6 

PHttipnM  4hUna.     P).  vu.  f.  24 

acocomieiuif.    PLTii.f.1,2  ... 

Seettyamm.    PL  viL  f.  5-7 

Ptcorotomaria  Itieriana.    Pl.xxi.f.2 
PfmctmreUm  OHiifua.     PI.  ix.  f.  6-9 
Semrria  etJwtrtttformU.     PL  vu.  f.  1 
15,16  

CoralUan I 

Gault   

Lowertireentand 

Upper  Greejuand 

LowerOreensand 
Ganlt  

England  

Cambridge  

•  England  • 

394 
203 
203 
203 
500 
200 

195 
195 
193 
194 
194 

Tectmrm  fgrwHifa,    PL  ix.  f.  10,  11 
pt^mm.    PLviiif.27-29  ; 

teanistriata.    PL  vii.  f.  18   ... 

Tr%ekmM  mytomenn$.    PL  xiT.  f.ld. 

Corallian 

194 
395 

Torbo  PktetiaDoa.    PL  xxi.  f.  3-5 . 

(Pt 
TUemUmeatm.    PLxxiT.f.9 

Upper  Greensandj' 

erppoda.) 
ICambrian | 

Cambridge  

Shropsbire 

497 
1    668 

{CepkiUqpoda.) 

Jmmmifei  ewt/owaim.  Pl.xiii.  £21 

ptemdonrdaiMs,   PLziiL  f.  1...  j 

BHemmtm  weneteens. 

N^mhlm,  sp.   1 

Twrrmut  noMu.    PL  zzL  £  1 / 


CoraDian ...... 

Middle  Tertiaries 
UpperGreensand 


England  ... 

Australia ... 
Cambridge 


392 

257 
489 
493 


ECHINODERMATA. 


Aradmoides  anttralis 

eiimguhu,    PL  iii.  f.  8 

Lomtmi.    PL  iiL  f.  6, 7  

Catopygos  degani 

EehmoiriumM  muiraiut.  PI.  iiL  f.  11 

roimmdmM,    PL  iii.  f.  14-17  ... 

Bi^B9U9  LauJM.  PLiii.f.  18  ... 
Botnter  muiralut.  PL  ui.  f.  12, 13 
Lmeidaru  amtiraUm.  PL  iii.  f.  1, 2 
Loiteaia  ForbetL  tar.  PL  iv.  1 5-8 
MacrocytteUa  Maris.  PL  xxiv.  f.  13 
Mvttia  mumala.    PL  iv.  f.  1-4  ... 

Mffthtter  eompreuui  

Pygorbynchut  Vastali    

Mkytkopfffm  df90Mter9idt9,  PL  iiL 

t9,10 

Satadm  tertimria 

Ttwm9ckmm» UmemiMB.  PLiii.f. 3-5 


Tertiary  ., 

Cambrian.. 
Tertiary  ., 


MiddleTertiariea 
Tertiary  


Anftralia. 


Sbroptbire 


k  Australia. 


/ 

48 
48 
47 
51 
50 
56 
53 
51 
45 
59 
670 
52 
62 
51 

49 

258 

46 
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Name  of  Species. 


Formation. 


Ixi 


Anmulosa. 


(Ollt/«CM.) 


Jgnothu  dux.    PL  xxiv.  f.  3... 

Asaphut    (AsapheUus)     Homfraji. 

Pl.xxiv.f.  1    

(Piatypelti$)Crqfia,    Pl.xxiv. 

f.2  , 

JnthrapaUemonf  WoodwardL    Pl.l 

xxvii j 

CoDOCoryphe  monile.    PI.  zxiv.  f*  ^  1 
Ckmopkryt  ialopieruii,   PL  xxiy.  fl  7  j 

Eturyptenui  Steventimi \ 

Fragment  (?).    PL  xvi.  f.  1   1 

Glyphea  ferrnginea.    PI.  xy.  f.  10  .  j 
Lichapyge  cutpidata,    PI.  xxiv.  i,  8 
Oiemu  Saiteru    PL  xxiv.  f.  5  . 
•^—  triarihrut.    PL  xxiv.  f.  6 


Cambrian.. 


Lower  Carboni- 
ferous. 

Cambrian 


Lower   Carboni- 
ferous, 

Corallian 


Cambrian.. 


Shropel 

I  Scotland 
Shropshi 

I  Scotland 
England 

Shropshir 


Vjuitibeata. 

(PifCff.) 

Hypsodon  lewesiensis    '^j 

Ichthyodectes  minor.   PL  xxii.  f.  14  I  Li,,|v. 

eleyant.    PL  xxiL  f.  15 >•  i^haiJc  .... 

Portheut  Damem.    PL  xxti.  f.  13    )  \ 

gauUimu.    PL  xxii.  f.  1-12...     iGault    .... 

ManteUi iChalk  .... 


England 


{Reptilia,) 


Lutremys  europaea?    PL  vi.  f.  5, 6 . 
Mauistturu$  Gardneri,    PL  xxiiL  ... 

Piioiourus  Evami  

Teitudo  robuata.    PL  v.  and  PL  vi. 

f.  1,2  

Spratti,    PL  vL  f.  3,  4... 

Tortoise  (radius).    PL  fi  f.  7 


[Caves 
Gault 
Oxford  Clay.. 


Caves 


y  Caves  I 


Malta  

Folkestone 
St.Neotts 


Malta 


Gibraltar.... 


Hjenarctoi 


{MamfnaHa.) 
..    |Red  Crag |    Soffblk. 
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'Bukxm                                                                                          Pagb 
y  r  SiCTion  or  PzsiaAK  akd  Uppks  CASBomFisous  Sthita,  to 
\     illoBtnte  Mr.  D.  C.  Dariee's  paper  on  that  subject 10 


r  Map  of  part  of  the  Irish  coast,  induding  Wexford  Baj,  to 
XL  \      illustrate  Mr.  O,  H.  Kinaban's  paper  on  the  Cheeil  Beach 
[     and  Cahore  Shingle  Beach  29 

TTT.  1  AusTRALUK  CAnrozoic  Echihodbrms,  to  illustrate  Prof.  P. 
rV.j      Martin  Duncan's  paper  on  those  fossils 42 

T.  1  BsMAiHS  OF  ToBTOisu  from  Malta  and  Gibraltar,  to  illustrate 
TL  j      Prot  A  Leith  Adams's  paper  on  those  fossils   177 

VTL  1 
'trm  I  BminsH  Crktaceoits  PATBLLiBiB  &c,  to  illustrate  Mr.  J.  S. 


DL 


Gardner's  paper  on  those  fossils 102 


fMAP  Ajn>  Secvioiis  of  the  Pre-Oambrian  Books  near  St. 


\     Daiid's,  to  illustrate  Mr.  H.  Hicks's  pi^r  on  those  rocks   229 

^T  f  Pharbtrospohgia  Strabahi,  to  illustrate  Mr.  W.  J.  SoUas's 
\     paper  on  that  sponge .....242 

ICOMPARATIYB  SlCTIONS  OP  THE  CoRALLIAK  BoCKS  of  England, 
to  illustrate  Meesrs.  Blake  and  Hudleston's  paper  on  those 
rocks  260 

xra.^ 

XIY.  I  CoRALLiAK  Fossils,  to  illustrate  Messrs.  Blake  and  Hudle- 
XV.  I      ston's descriptions..... 391 

xvlJ 

YTrjj  f  ARAroARrrRS  Hudlestomi,  to  illustrate  Mr.  W.  Carruthers's 
'^''^"•1     dewaription  of  that  fossil  402 

{Sscnoivs  OP  THB  Carboviferovs  LTmcOToiTB  of  Northumber- 
Isnd,  to  illustrate  Messrs.  Toplej  and  Lebour's  paper  on  the 
intrusire  character  of  the  Wnin  Sill 406 

-YTT  /Bock-Sectioiis,  to  iUustrato  Mr.  J.  A  Phillips's  paper  on 
*^^  \     altered  Epuptiye  Bocks  of  North  Wales 423 

jY  r  PrrcHOTOHES  Am)  Perlites  from  Shropshire,  to  illustrate  Mr. 
^^^\     S.  Allporfs  paper  on  those  rooks 449 
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■^^"^  \     E.  T.  Newton's  paper  on  those  fishes 

yyjjT  /  Macisaurus  Gardkeri,  to  illustrate  Prof.  Seelej 
1     that  reptile 

yvjy    r  SniifETOH  Fossils,  to  illustrate  Mr.  Callaway's  pap 
*  \     area  of  Upper  Cambrian  rocks  in  South  ohropt^ 

XXV.  \  SiPHOifiiB  and  their  structure,  to  illustrate  Mr.  Sol 
XXYI.  j      on  the  structure  and  affinities  of  that  genus  

{Anthrafalamon  ?  WooDWARDi,  to  illustrate  Mr.  R. 
Jun.'s  paper  on  a  Macrurous  Decapod  from  the 
ferous  of  Scotland 
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OP 


THE  GEOLOGICAL  SOCIETY  OF  LONDON. 

Vol.  XXXIII. 


1.  The  Cbphalopoda-bbds  of  Glovcestieb,  Dorset,  and  SoioBSBr. 
By  J.  BucKMAN,  Esq.,  F.G.S.,  F.L.S.,  late  Prof,  of  Geology  and 
Rural  Economy,  R.  A.  Coll.    (Read  June  21, 1876.) 

Etirt  stad^it  of  t^e  geology  of  the  Cotteswolds  has  recognized  a 
band  at  the  base  of  the  Inferior  Oolite  under  the  name  of  the 
^  Cei^kalopoda-bed,"  so  named  from  the  important  list  of  Ammonites, 
NantiU,  and  Belemnites  which  it  has  been  found  to  contain. 

To  quote  from  Mr.  Hull's  *  Memoir  on  the  Geology  of  the  Country 
around  Cheltenham,*  ^*  This  bed  had  been  long  known  to  geologists 
as  '  the  ammonite  bed ; '  but  the  ammonites  were  supposed  charac- 
teristic of  the  Inferior  Oolite,  and  its  true  importance  was  over- 
looked. Dr.  Wright,  however,  found  that  the  species  were  identical 
with  ^>ecimens  from  the  Upper  lias  of  Whitby,  in  Yorkshire. 
About  the  same  time  the  work  of  M.  D'Orbigny  made  its  appearance, 
wherein  nearly  aU  the  cephalopoda  frtnn  the  ammonite  bed  are 
figured  and  described  as  '  Toareien^*  or  Upper  lias  forms,  while 

even  in  our  own  district  several  of  the  species were  known  to 

be  characteristic  of  the  Upper  lias  Shale  "  (p.  26), 

Mr.  Hull  refers  to  a  paper  by  Dr.  Wright  in  the  '  Proceedings 
of  the  Geological  Society,'  voL  xii,  in  support  of  the  view  that  the 
Cotteswold  Cephal(^poda-bed  belongs  to  the  Upper  lias  and  not  to 
tl^  Inferior  Oolite,  and,  farther,  that  the  learned  Doctor  had  traced 
it  to  t^e  Dorsetshire  coast ;  and,  indeed,  in  this  very  pi^r  we  find 
the  following  remarks  upon  sections  at  Half- Way  House  and  Brad- 

aJ.G.S.  Xo.129.  B 
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ford  Abbas,  wbicb  we  qnote,  as  showing  that  Dr.  Wright  had  at 
this  time  identified  the  Donet  Cephalopoda-bed  with  the  one  in 
Gloncestershire. 

"  Between  Yeovil  and  Sherborne  "  ihe  "  Cephalopoda-bed  ia  well 
developed  and  extAinvely  exposed ;  and  at  the  Halfway  House  its 
roladons  to  the  Sands  below,  and  the  limestone  of  the  Inferior  Oolite 
above,  may  be  satisfactorily  made  oat.  Here  it  contains  a  great 
many  large  Ammonites^  Nautili^  and  Bdemnites,- 


AmmdKiites  donetensiB,  Wrighe.  BelemDites  broriformis,  Volt^, 

— ^jurensiB,  Zieten.  oompressus,  Voltz, 

Kautilus  inomatuB,  I/Orh, 

^^  Section  Yl. — At  Bradford  Ahbas,  near  Yeovil,  Dorsetshire. 

"  Inferior  Oolite. 

ft  in. 
"A.  Coarse,  hard,  brown  mgstone,  sUghtlj  oolitio,  very  irre^nilArly 

bedded,  and  containing  few  foagils:  about 2    O 

B  and  c.  Abiont. 

"  Cephahpoda-hed, 

**  D.  A  ooarse,  brown,  oolitic  ragstone,  compoied  in  piart  of  hard,  cal- 
careous, sandy  Layers,  Rrey  and  brown,  and  haying  softer  marly 
sandy  seams  running  mrough  the  rock ;  it  breaks  with  an  un- 
certain fracture,  and  sometimes  has  a  flinty  hardness :  the  rag- 
atones  are  speckled  with  dark  brown  flattened  oolitic  grains  of 
hydrate  of  iron,  and  contain  many  fossils:  about 2    6*^ 

It  was  then  clearly  Dr.  Wright's  view  (in  which  he  was,  indeed, 
both  preceded  and  followed  by  other  geologists)  that  the  Dorset 
Cephalopoda-bed  was  identical  with  that  of  Gloncestershire;  and 
indeed  we  have  seen  fossils  from  the  Bradford  bed  just  described 
labelled  as  from  Upper  Lias. 

Mr.  Strickland,  in  1850,  considered  the  ironshot  oolite  of  Dundry 
the  equivalent  of  the  Cephalopoda-bed  of  the  Haresfield  Hill. 
He  says,  '<  A  few  miles  to  the  south  the  Pisolite  disappears  and  is 
replaced  near  Painswick  and  at  Haresfield  HiU  by  strata  containing 
ferruginous  oolitic  grains  in  a  brown  paste.  This  is  the  precise 
equivalent  of  the  well-known  oolite  of  Dundry,  near  Bristol,  which 
may  be  recognized  as  far  off  as  Bridport,  on  the  Dorset  coast  "f. 

Now  this  view  was  quoted  by  Dr.  Wright  in  a  paper  published 
in  the  •  Quarterly  Journal '  for  1860,  only  to  be  dissented  from ; 
for  he  says  of  the  above,  '*  a  comparison,  however,  of  the  species  of 
Ammonites  and  other  shells  collected  in  these  different  localities 
shows  that,  besides  a  similarity  in  lithdogical  structure,  there  is 
nothing  in  common  between  the  strata  "^ ;  and  he  accounts  for  the 
appearances  by  supposing  that  the  Ammonites-Murchisona  zone,  by 
thmning  out,  has  brought  the  zone  of  Ammonites  ffumphresianus  into 
dose  relation  with  i^e  sands  of  the  Upper  lias:]:. 

*  Quart.  Joum.  Geol.  Soc  toL  xii.  (1856)  p.  309.         t  TWrf.  vol  vi.  p.  250. 
J  Ibid,  TOl.  xri.  p.  18. 
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JLSy  howerer,  the  shells  of  the  2  feet  6  inches  hed,  described  as 
the  Cephalopoda-bed  at  Bradford  and  other  places  in  Dorset,  are 
idoitieal  with  those  at  Dundrj,  and  at  both  Bradford  and  Dundiy 
it  contains  with  others 

Aamonites  Pftrkinflooii  Sow.  (A.  Ammonites  MarchiBonte,  Sow. 

dof8etewia»  Wr.\  jurenais,  Ziet 

HumphresiaaaB,  Sow. 

we  ecmdnde  that  the  Ce^^alopoda-beds  at  Bradford  and  Bundjy 
are  od  the  same  horizon,  and,  further,  that  neither  the  one  nor  the 
otlier  has  the  slightest  connexion  with  the  Cephalopoda-bed  of 
Gbocestershire  ;  and  if  this  be  so,  the  fact  that  the  four  Ammonites 
jost  qaoted  have  been  made  representatives  of  four  distinct  zones, 
will  he  a  difficult  problem  to  solve  for  those  who  implicitly  believe 
in  zones. 

One  of  the  more  recent  papers,  "  On  the  Correlation  of  the  several 
subdivisions  of  the  Inferior  Oolite  in  the  middle  and  south  of  Eng- 
land," is  by  Dr.  HoU,  who  concludes  that  the  true  position  of  our 
Dorset  and  Somerset  beds  is  higher  in  the  series  than  is  stated  by 
the  geologists  just  quoted,  and  *'  that  they  are,  in  fact,  the  southern 
extensions  of  the  Upper  and  Lower  Ragstones  of  Mr.  Hull,  the 
uppermost  of  which  is  not  represented  in  the  typical  section  at 
Leckhampton,  having  risen  above  the  level  of  the  country,  and 
en^iped  oat  before  rc^iching  the  brow  of  the  hills"*. 

We  agree  with  this  view,  except  that  we  consider  the  Dorset 
Cephalopoda-bed  the  equivalent  of  the  Gryphite  Orit  at  Leck- 
hampton, and  that  the  roughly  bedded  stone  above  is  the  repre- 
sentative of  the  Trigonia  Grit  of  Cold  Comfort.  The  constant 
presence  of  the  same  typical  Ammonites  on  the  top  of  Leckhampton 
hill  and  in  the  Bradford  Abbas  quarries  seems  to  prove  this  assertion, 
such  as 

Ammofiitfis  Sowerbji,  Miller,  Ammonitee  conesTUt,  Sow.^  M.C\ 

Brocdiii,  51tw^  M.C.  subradiatus,  Sow,,  M.C. 

Humphresianus,  Sow,,  M.C,  Murdusonie,  Sow.,  M.C. 

Ptekmaoni,  Sow.,  M.C. 

and  others. 

From  this,  then,  it  follows  that,  while  the  Gloucestershire  Cepha- 
lopoda-bed is  at  the  base  of  the  Inferior  Oolite  or  top  of  the  Upper 
I^s,  the  Dorset  Cephalopoda-bed  is  near  the  top  of  the  former ;  and 
yet  they  have  not  only  been  confounded  the  one  with  the  other,  but 
this  position  has  been  supported  by  the  similarity^  not  identity,  oi 
the  Gephalopods,  which,  indeed,  have  been  held  to  point  to  Lias 
rather  than  to  Oolite. 

Dr.  Holl's  view  of  the  case  seems  to  be,  that  while  we  have  thus 
the  Upper  Bagstones,  the  lower  members  of  the  Inferior  Oolite  are 
deemed  to  be  absent ;  for  he  says : — 

*^  On  the  southern  side  of  the  Mendips  the  Inferior  Oolite  nowhere 

»  Quart.  Joum.  Qeol.  fctoc.  toI.  xk.  (1863)  p.  307. 

b2 
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exceeds  28  or  30  feet  in  thickness, 
of  which  from  8  to  10  feet  belong 
to  the  lower  subdivision.  The 
upper  subdivision  immediately 
underlies  the  Fuller's  Earth ;  and 
its  light  colour,  litholc^cal  struo- 
ture,  and  general  poverty  in  or- 
ganic remains  readily  distinguish 
it  from  the  hard,  brown,  more  or 
less  massive  or  rubbly  limestone 
beneath,  which  is  everywhere  very 
fossiliferous"*. 

Now  we  take  it  that,  although 
the  learned  Dr.  HoU  is  right  as  re- 
gards the  position  of  the  Dorset 
Cephalopoda-bed,  he  is  not  so  in 
supposing  that  the  lower  members 
of  the  Inferior  Oolite  all  thin  out 
in  Dorset — our  view  being  that 
quite  100  feet  of  the  sands,  with 
its  occasional  bands  of  shelly 
oolite,  as  these  occur  at  Bradford 
Abbas,  really  represent  the  lower 
oolitic  mass  of  Leckhampton  and 
Crickley,  in  Gloucestershire ;  and, 
in  fact,  our  Dorset  sands  repre- 
sent the  lower  freestones  of  Glou- 
cestershire. 

The  connexion  between  the 
sands  of  one  place  (Babylon  Hill) 
and  the  bmlding-stones  on  the 
same  horizon  at  Ham  Hill  is 
shown  in  the  accompanying  sec- 
tion (^g.  1). 

At  Ham  Hill  the  equivalent  of 
the  sand-bed  at  Babylon  Hill  is  a 
reddish  brown  freestone,  appa- 
rently made  up  of  comminuted 
shells.  At  Babylon  Hill  the 
brown  sandy  beds  present  occa- 
sional courses  of  comminuted 
shelly  oolites. 

The  two  sections  here  placed  in 
juxtaposition  (fig.  2)  are  remark- 
able for  their  dissimilarity  at  first 
sight ;  but  if  the  brown  sands  were 
a  little  more  indurated  (and  the 
presence  of  a  few  more  shells  or 
a  little  more    lime    might  well 

*  Quart.  Joum.  Geol.  See.  vol.  xix. 
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Wing  that  about),  there  would  not  be  much  difference  between  the 
Ham-Hill  section  and  several  other  sections  near  Sherborne. 


Fig.  2. — CamparaUve  Sections  of  Beds  at  Ham  HUl  and 
Babylon  Hill 


HamHilL 


Babylon  HiU. 


■«*J 


Dorael  CephalopodA-bcd. 


Brown  aands. 
with  oooMional 
blocks  and 
buidBof  wndy 
fineeatonet  con- 
taining Oolitio 


PoaHion  of  Glonoeaterahire 
Oephalopoda-bied. 


Ham  HUl  has  always  been  a  puzzle  to  the  geologist ;  but  if  we 
place  it  on  the  same  horizon  as  the  so-called  *<  l2as  Sands  "  at  Brad- 
ford, the  difficulty  is  at  once  cleared  up. 

l£r.  Moore,  in  his  paper  "  On  the  Middle  and  Upper  Lias  of  the 
South-west  of  England,"  speaking  of  Ham  Hill  says ; — 

'<  The  workable  freestone  at  this  spot  is  58  feet  thick,  and  almost 
entirely  composed  of  comminuted  shells,  united  by  an  irony  cement, 
and  is  a  remarkable  deposit ;  for  though  attaining  so  considerable  a 
thickness,  it  does  not  appear  to  be  represented  in  any  other  locality. 
It  has  been  largely  worked  for  centuries,  and  yields  a  very  excellent 
stone,  of  a  light-brown  colour,  due  to  the  presence  of  carbonate  of 
iron,  an  analysis  of  the  deposit  proving  it  to  contain  14  per  cent  of 
metallic  iron  "  *. 

The  best  Gloucestershire  equivalent  of  this  bed  is  to  be  seen  in 
the  straight  wall  of  rock  at  Crickley  Hill,  which  latter  section  we 
consider  the  equivalent  of  the  freestone-beds  at  Ham  Hill,  and  the 

*  Prooeediiigs  of  the  SomenetBhire  Archseclogical  and  Natural-Hiatory 
Sod«tj,  Tol.  xiu.  1866-66. 


Digitized  by  VjOOQIC 


L^ 


6  J.  BrCKM AN  ON  THE  CF.PHALOrODA-BED3  OY 

Bands  with  shelly  oolite  interpolated  in  slabs  at  Bradford  Abbas, 
Babylon  Hill,  and  the  adjacent  district. 

The  following  list  of  fossils  from  the  freestone  at  Ham  HiU  and 
the  shelly  oolites  of  Dorset  can  nearly  all  be  matched  in  the  lower 
beds  of  the  Inferior  Oolite  of  Gloucestershire. 

Belemnitet  MNnpreraus,  Blat'nr,  Pecten  lens,  Sow. 

trioanaliculatuB,,  Ziet^  annulatus,  Sow. 

Bubtenuis,   Simps.  disdies,  Ooldf. 

abbreTiatav,  NiU.  ,  other  species. 

NaiitiluB  latidorsatuB,  JOtOrU  Genrillia  Hartmanni,  Goldf. 

inomatuB,  UOrh.  Pinna  Hartmanni,  Ziet. 

Ammonites  jurensis,  Zi$t.  Avioula  complKata,  Buckm, 

Moorei,  Lvcett.  Astarte  elegans,  Sow^ 

opalinus,  liein.  — —  puUus,  Bom, 

Ednuardianus,  U*  OrA.  — '—  obliqua,  D$si. 

Murcbisooa;,  Sow^  ,  other  »pecie«. 

,  other  species.  Trigonia,  coslated  apedes^ 

Ostrea  bullata,.  ?  ,  davellated  speciee. 

Buckmanoi,  Lye.  (t)  {Brj^pbtCA).      Lucina  bellona,  D'  Orb. 

subloba,  Befh.  Cerom ja  (Isoeaidia)  oonoentrica,  Stnr^ 

Marahii,   Sow.,  =  flabelloide^  Tancrc^lia  donaciformis,  Iy#. . 

Lam.  Spines  of  Cidarides. 
Lima  densi punctata.  Bom.  1. 14.  f.  3.        Oraicula  of  ApiocriniiB. 

grandis,  Bim.  t.  13.  f.  10.  Serpiilae,  Ac.  Ac. 

rigida,  Sow. 

Now  this  list  of  fossils  is  safficient  to  mark  the  oolitic  nature  of 
these  thick  beds  below  the  Cephalopoda-bed  of  Dorset ;  and  if  this 
new  reading  of  the  matter  be  correct,  our  sands  are  not  the  equiva- 
lents of  the  Gloucester  sands,  or  rather  the  Cotteswold  sands,  but 
the  representatives  of  the  lower  beds  of  the  Inferior  Oolite,  which 
at  Ham  Hill  is  a  good  freestone,  from  containing  so  mueh  lime, 
while  at  Bradford  it  is  hard,  in  bands  consisting  of  a  shelly  oolite, 
with  thick  beds  of  sand  between,  not  sufficiently  indurated  to  be 
used  eifi  stone. 

If  this  be  so,  then  it  is  clear  that  the  name  of  ^'  Upper  Lias 
Saods  "  cannot  be  retained  for  tJu$e  sand-beds. 

The  most  recently  published  notion  upon  the  sands  is  from  the 
pen  of  Professor  PhUlips,  in  which  he  proposes  to  name  them  the 
•*  Midford  Sands"*,  as  they  were  studied  by  Smith  at  the  village  of 
Midford,  and  decided  by  him  to  be  "  sand's  of  the  Inferior  Oolite." 
If,  however,  the  sands  of  the  west  be  really  of  Inferior-Oolite  date, 
they  ought  not  to  be  correlated  with  the  sands  of  the  Cotteswolds,  as 
these  are  ip  a  co^siderably  lower  position. 

Leaving  then  this  question  for  further  consideration  presently, 
we  will  now  more  particularly  describe  the  Cephalopoda-bed  of 
Dorset ;  and  in  doing  this,  it  will  perhaps  be  well  to  first  give  a  seo- 
tion  of  the  oolitic  rocks  in  the  middle  station  at  Bradford  Abbas, 
j)remising  that  the  Ammonite-bed  is  the  most  constant  in  the 
(listriot. 

*  *  Geologr  of  Oxford;  p.  100, 
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Siction  of  Bradford-Abbas  (East-HUl)  Quarry. 

ft.  in.  (  Trigonia    Grit   of 


Buokman,  GeoL 


Cephalopoda  -  bed 
-Chmofaite  Grit 
of  fiuckman. 


tSoa., 0    4j 

2.  White  oolite  witii  irregular  dearage  6    0 

3.  Band  of  mari,  with  AsUvrte  and  Lma^  Belem- 1  ^    q  ^ 

«tfef,&c  ]"    ^ 

4.  Hard  ironahot  rw^  with  ^(mmoiit^  BekmA  i    ^ 

<if/«s,&o. ]^    " 

5.  Band  of  browniah  stone,  marly  at  top,  foil  of  1  q    g 

UniralTee  and  .^Imm^Nu^  J 

€i  Ironahot  oolite,  a  maaa  of  C^halopoda  1    0 

7.  Marl  with  .<la^ar^  ^ri9it>iui/tt 0    3 

&  Bed  with  ^.  M^biM  0    9 

9.  Bloe-oentred  oolite,  with  laocardia  concaUrica ,    1    2) 
10.  Bcddtah  aanda,  commencing  the  lower  freestone  system  of  the  Cotteswolds. 

How  far  the  term  Cephalopoda-bed  for  the  fossiliferous  portion 
oi  this  secdoii  may  be  justified  will  at  oiice  be  seen  from  ^e  follow- 
mg  list  of  ^e  family  of  fossils  after  which  it  kas  been  naiped,  the 
whole  of  which  have  been  found  at  Bradford  Abbas,  or  the  equivalent 
bed  near  Sherborne. 

Ligt  of  Cephalopoda  from  the  Dorset  equivalent  of  the  "  Ghryphits 

QrUr 

Belemnitea  oompreasus,  Blainv, 

dlipticoa,  Miller, 

gisanteoa,  Fkiii, 

• atN^reriatua,  Sow. 

eanaliculatuB,  8chl. 

BlainriUii,  Foltz. 

terminalia,  PHU. 

aDomalus,  PkUl. 

anlcatoa,  ififf . 

Ammonites  Truelli,  1/  Orb, 

flobradiataa.  Sow. 

beriaaculua,  Sow. 

Murchiaowe,  Sow. 

Sowerbyi,  JfiOffT. 

cadomenaia,  UOrb. 

' Paitinaoni,  Sow.,  including  A. 

nioriensia.  If  Orb.,  and  A.  dorset- 

cnaia,  Wright. 

and  others,  with  some  undescribed 

Ancyloceraa  annulatiun,  DOrb, 
bi^inatom,  UOrb. 


Ammonites  Garandanoa,  UOrb. 

polymorphua,  IT  Orb. 

Martinsii,  UOrb. 

ooliticua,  UOib. 

Eudeaianus,  UOrb. 

zigzag,  U  Orb. 

Teasonianua,  UOrb. 

Edouardianoa,  UOrb, 

discus.  Sow. 

Blagdeni,  Sow. 

Humphreeianua,  Sow. 

Braikenridgii,  Sow, 

linguiferua,  UOrb. 

Brongniartii,  Sow. 

Kaumontii,  U  Orb, 

Sauzei,  17  Or6, 

Gerrillii,  Sow, 

dimorphua,  UOrb^ 

forms. 

Anoylooaraa  sabannulatiun,  UOrb. 


(From  lyOrbigny's  lias  list.) 

Kantiliia  latidorsatua,  U  Orb.  Ammonites  oandidoa,  U  Orb.^ 

atriatua,  Sow.  sia,  ZUt. 

asmiatriatua,  UOrb.  cornucopia,  Young. 

inomatoa,  UOrb.  jurensia,  Ziet. 

truncatoa,  Sow.  Germainii,  U  Orb. 

ezcafatua.  Sow,  inaignia^  SchubUr. 

lineetoa,  iSbv.  '  ^'^'~   »^^^-I^ 

sinoatua,  Sow. 

dauBua,  Sow. 

and  others. 


Yariabilia,  UOrb. 

concaTua,  Sow. 

torulosua,  UOrb. 
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Here  then  we  have  designedly  tabulated  about  sixty  species  of 
Cephalopoda  from  D'OrbigDj's  '  Paleontologie  Erangaise,  Terrains 
Jorassiques/  as  this  author  has  referred  fully  one  quarter  of  th^ 
species  to  the  lias.  It  is  an  extraordinary  list  (even  though  not 
yet  fully  made  out)  for  about  two  feet  of  rock. 

If  we  inquire  how  it  is  that  so  many  of  the  species  have  been 
allocated  to  the  lias,  we  shall  find  that  some  few  of  them  have  un- 
doubtedly ascended  upwards  from  the  lower  stratum ;  but  most  of 
them  have  been  called  liassic  upon  the  assumption  that  our  Brad- 
ford Cephalopoda-bed  and  our  sands  were  the  equivalents  of  those 
beds  in  Gloucestershire,  and  both  supposed  of  Lias  age.  This  nve 
know,  not  only  from  references  by  D'Orbigny  himself,  but  also  from 
having  seen  fossils  from  my  own  quarry  of  tie  age  of  the  Gryphite 
Grit  labelled  as  from  "  the  Upper  Lias." 

From  all  this  it  appears  evident  that  while  some  English  geolo- 
gists have  confounded  two  beds  fully  100  feet  apart,  and  made  their 
lists  of  fossils  harmonize  with  this  view,  both  some  foreign  and  home 
savans  (taking,  be  it  observed,  these  two  beds  to  be  one)  have,  in 
the  same  way,  made  them  to  harmonize  with  the  Upper  lias  of  the 
Continent. 

Now  I  have  not  had  the  pleasure  of  a  personal  examination  of 
foreign  oolites,  but  I  can  plainly  see  that  they  have  been  interro- 
gated to  support  theories  no  less  than  have  those  at  home ;  and  I 
can  well  believe  that  if  they  at  all  harmonize  with  our  Dorset  strata, 
foreigners,  like  ourselves,  may  have  confounded  two  beds  widely 
apart. 

That  they  do  so  harmonize  we  are  strongly  inclined  to  believe 
from  D'Orbigny's  drawings  of  Cephalopoda,  as  in  Dorset  we  have 
not  only  a  large  number  of  species  referred  for  the  first  time  to  our 
home  rocks,  but  they  are  for  the  most  part  in  a  fine  state  of  preser- 
vation— so  much  so,  that  the  terminations  of  the  Ammonites  have  in 
many  cases  been  clearly  made  out. 

It  may  be  further  remarked  upon  this  list  of  Cephalopoda,  that 
although  the  bed  in  which  they  occur  has  been  made  out  over  a 
wide  district,  and  in  aU  cases  it  preserves  its  peculiar  character,  yet 
it  differs  at  various  points  as  to  the  prevalence  of  species. 

Thus  at  Bradford  Abbas  the  Ammonites  suhradiatus  prevails.  At 
Babylon  Hill  the  A.  Murchisonce  is  more  common,  while  midway 
the  A.  Sowerbii  takes  the  lead.  At  Halfway  House  the  A.  Parhtn- 
soni  is  the  characteristic  fossil  for  a  part  of  the  quarry,  and  the  A, 
suhradiatus  for  another  part.  Further  to  the  east,  at  Sherborne,  the 
A.  JIumphresianus  assumes  importance ;  whilst  at  Clatcombe,  a  mile 
from  there,  the  A,  Braikenridgii  is  not  only  a  common  but  a  most 
perfect  fossil. 

Now  if  it  be  assumed  that  this  Cephalopoda-bed  at  these  difiSerent 
points  occupies  a  different  horizon,  of  course  we  can  recognize  them 
as  different  zones,  and  name  them  after  their  prevailing  Ammonites ; 
but  it  is  not  so ;  and  it  is  a  remarkable  fact  tihat  from  2  to  3  feet  of 
the  oolite  rock  in  a  limited  area  should  present  not  only  so  great  a 
rovvd  of  individuals  but  auch  a  variation  in  species. 
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We  haye  hitherto  confined  our  attention  to  the  Cephalopods ;  bnt 
the  Gasteropoda  tell  the  same  tale.  In  the  Bradford- Abbas  quarry 
alone  ba^  been  found  as  many  as  fifty  species  of  uniyalves,  many 
of  which  bdong  to  the  Cotteswolds*.  There  is,  however,  a  lai^ge 
array  of  new  forms  in  the  genera  Pleurotamaria,  Chemniizia,  Turbo^ 
TroekuSj  Naiiea  and  Solarium ;   and  others  abound. 

l^ieee,  like  the  Ammonites,  are  in  a  wonderful  state  of  preser- 
Tal»m. 

Hie  Brachiopoda  are  not  so  numerous  as  in  tiie  Cotteswold  district; 
still  the  fonns  met  with  in  the  Cephalopoda-bed  point  also  to  the 
hi^  position  it  occupies  in  the  Inferior  Oolite ;  such  are 

TanebntuU  Phillipaii,  Mot.  ^  Dav,  Terebratola  sphAroidalis,  Sow, 

peroralis,  iSov.,  and  Tmr.  &mpl%  Bh jnchonella  spinosa,  Sckl, 

Buckm,  media.  Sow, 

Bofikmanni,  Dav,  and  others  t. 

And  others  abound. 

The  Conchifera  afford  a  list  for  our  limited  area  as  large  as  is  to 
be  met  with  in  the  whole  of  the  Cotteswolds,  numbering  over  150 
species.  Amongst  them  the  following  genera — Trigonia,  Limay  Pecten, 
Cuadl^xa,  Modiola,  Pema^  Cardiuniy  Astaf'te,  and  others,  present  a 
most  interesting  assemblage  of  forms. 

Neither  the  EchtnocUrmata  nor  the  Zoophyta  present  the  same 
number  of  species  as  the  Cotteswolds ;  but  in  places  a  few  species 
occur  abundantly. 

Taken  then  as  a  whole,  we  may  conclude  that  the  Dorset  Cephalo- 
poda-bed  is  one  of  the  richest  deposits  in  the  country,  although 
as  yet  we  cannot  pretend  to  have  exhausted  or  to  have  made  out  all 
its  treasures ;  but  it  would  seem  that  within  this  thin  stratum  are 
stored  up  most  of  the  important  forms  which  make  up  the  mass  of 
the  Cotteswold  fauna. 

It  would  appear,  indeed,  that  out  of  about  250  species  of  shells 
tabulated  by  mysdf  in  the  second  edition  of  Murcluson's  *  Geology 
of  Cheltenham,'  fully  200  belong  to  the  Cephalopoda-bed  of  Dorset ; 
whilst  in  this  latter  county  are  found  many  specimens  of  which  the 
Cotteswolds  cannot  boast,  most  of  which,  so  far  as  the  Cephalopoda 
and  Gasteropoda  are  concerned,  are  figured  in  D'Orbigny's  *  Terrains 
Juiassiques.' 

*  These  have  einoe  been  increased  to  nearly  100  species, 
t  8moe  the  above  was  written  the  Brachiopoda  from  the  district  have  been 
sent  to  Mr.  Doridsou,  and  he  has  made  out  nearly  30  species. 
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2.  On  the  Relation  of  the  Upper  Carboniferous  Sxrata  < 
8HIRB  and  Denbiqhshirb  to  Beds  usually  described  as 
By  D.  C.  DAVIE3,  Esq.,  F.G.a   (Read  June  21, 1876. 

[PlawL] 

The  strata  I  am  about  to  describe  occur  in  the  north-west 
Shropshire  and  in  the  adjacent  south-east  comer  of  Denl 
They  are  cut  through  by  the  rivers  Ceiriog  and  Dee ;  and  a 
tion  of  a  portion  of  them  may  be  seen  along  the  banks  oi 
from  the  mouth  of  the  Ceiriog  downwards  towards  Erbisto 

I  directed  attention  to  these  beds  in  the  year  1873  ♦.  i 
time  I  have  been  engaged  constantly  in  colliery  operatic 
district  and  strata  then  referred  to ;  and  I  propose  in  this 
cation  to  narrate  the  results  of  my  observations  during  the 
and  also  to  inquire  into  the  relative  position  of  these  si 
others  which  are  usually  described  as  Permian. 

The  order  of  the  beds  and  their  relation  to  the  underlj 
measures  wiU  be  understood  by  a  reference  to  the  horii 
tion  which  accompanies  this  paper  (PL  I.  B).  This  sectic 
from  the  Brynkinallt  Colliery,  near  Chirk,  on  the  west,  pae 
sinkings  of  the  Ifton-Rhyn  Collieries  on  the  east  The  1 
section  was  carefully  surveyed  by  Mr.  F.  B.  Henderson,  F J 
the  geological  details  are  supplied  by  the  section  of  the  B 
Colliery  on  the  west,  the  Hafod-y-bwch  pit-section  on  t 
the  recent  sinkings  and  borings  at  Ifton  on  the  east,  takei 
with  the  outcrops  of  the  strata  which  are  visible  along  1 
the  section. 

Section  no.  11,  of  the  Diagram  of  Sections  (PI.  I.),  givea 
densed  form  the  details  of  the  strata  to  be  described  from 
ror^M-limestone  upwards. 

Prior  to  the  year  1873  this  limestone  had  not  been  rec< 
the  North-Shropshire  and  North- Wales  coal-field.  Ear 
year  1  was  taken  to  see  some  supposed  ironstone  beds  in  tl 
Isaf  ravine,  near  Wynnstay.  I  was  struck  with  the 
nature  of  these  supposed  ironstones ;  and  upon  a  dose  ex 
I  observed  the  littie  spiral  shell,  Spirorbis  carbonarius,  togi 
another  minute  shell  which  Mr.  Etheridge,  to  whom  I 
a  specimen  of  the  limestone,  regards  as  Cythere  seotohun 
Both  Mr.  Etheridge  and  Mr.  Daniel  Jones,  F.G.S.,  who 
much  attention  to  the  /S|p{ror^>-limestone  in  South  Shrop 
the  Forest  of  Wyre,  confirmed  me  in  the  conclusion  I  can 
the  supposed  ironstone  beds  were  none  other  than  the . 
limestone  itself.  I  may  on  a  future  occasion  describe  t] 
stones  and  their  associated  strata  more  minutely;  at 
would  simply  add  that  in  February  of  this  year  the  same  1 
were  paifeed  through  in  the  No.  3  pit,  at  Ifton-Rhyn  Col 

*  '*  On  Ooal-fleams  in  the  Permian  at  Ifton,  Shropshire,*'  Proceed 
GeologifU'  Astociation,  toI.  iii.  no.  3. 
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tbe  Shropshire  side  of  the  river  Dee,  and  three  miles  S.E.  of  Pentre 
lot,  where  they  were  first  seen.  Their  position  is  shown  on  hoth 
the  horizontal  and  vertical  sections. 

Starting  with  the  ^tror^tf-limestone  as  our  hase-line,  we  have, 
in  ascending  order,  first  a  series  of  red  and  hlue  rocks,  shales,  green 
and  hrown  sandstone,  and  grit  rocks,  w^  ten  thin  coal-seams  and 
their  nnderlying  clays.  The  total  thickness  of  this  series,  fixim  the 
i^ptrvr^tt-limestone  to  the  topmost  coal-seam,  is  220  feet.  I  may 
here  remark  that,  with  some  variations,  the  same  strata  have  heen 
proved  in  various  sinkings  and  horings  in  the  neighbourhood. 

Above  this  gronp  of  strata  we  have  next  about  300  feet  of  green 
and  greenish-grey  rocks  with  brown  and  grey  sand  and  gritstones, 
with  pebbly  congbmerated  and  brecdated  beds,  nsoally  of  a 
greenish  colour.  These  are  interstratified  with  red  marls  and  days. 
The  green  rocks  present  a  great  variety  of  texture ;  some  are  fine- 
grained sandstones,  others  rougher  grits  passing  through  fine  and 
course  breccias  into  conglomerates.  In  the  Ifton  section  the  frag- 
m^its  and  pebbles  do  not  exceed  three  inches  in  length  by  one  inch 
and  a  half  in  breadth.  It  is,  however,  probable  that  if  we  could 
foUow  these  deposits  westward  to  what  would  be  their  shore-line, 
we  should  find  the  pebble  and  angular  fragments  increased  to 
boulders  and  blocks  of  a  larger  size.  These  beds  are  also  exposed 
along  the  banks  of  the  rivers  Ceiriog  and  Dee ;  and  there  we  find 
that  the  breccias  and  conglomerates  are  not  continuous  over  a  laige 
area,  but  form  oval,  wedge-shaped,  and  irregular  masses  in  the  midst 
of  the  finer  sandstones  and  marls. 

They  thus  present  the  appearance  of  depoiBits  made  in  a  shallow 
sea  subject  to  currents,  eddies,  and  storms.  The  pebbles  and  frag- 
ments consist  chiefly  of  Lower  or  Cambro-Silurian  rocks  with 
their  imbedded  quartz,  felspar,  greenstone,  and  porphyry,  together 
with  fragments  of  Wenlock  Shale  and  Carboniferous  Limestone. 
The  whdLe  series  indicates  a  source  in  the  hilly  region  about  Glyn- 
oeiri<^  and  Uanarmon,  which  lies  from  ten  to  twenty  miles  west  of 
their  present  position.  Associated  with  these  breccias  and  con- 
glomerates are  drifted  plant-remains. 

It  will  be  seen  by  a  reference  to  the  horizontal  section  that  this 
series  of  beds  thins  out  before  it  reaches  the  shafts  of  the  Brynkinallt 
Colliery  on  the  west ;  nor  is  it  present,  except  in  an  attenuated  form, 
in  the  Hafod-y-bwch  shafts  of  the  Euabon  Colliery,  ^ye  miles  to 
the  north. 

This  series  of  strata  is  overlain  by  anot<her  of  nearly  equal  thick- 
ness consisting  of  red,  white,  purple  and  variegated  marls.  These 
maris  are  interstratified  in  the  lower  part  of  the  series  with  red  and 
brown  sandstones.  In  the  middle  portion  there  are  numerous  thin 
bands  of  grey  calcareous  rock.  In  the  upper  marls  are  numerous 
calcareous  clayey  concretions  charged  with  crystals  of  sulphide  of 
iron. 

There  are  two  thin  layers  of  carbonaceous  matter  in  this  series — 
ooe  near  the  base,  in  which  I  have  detected  traces  of  Calamitet, 
and  one  near  the  middle  of  the  series,  which  forms  a  true  coal-seam 
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a  quarter  of  an  inch  thick,  with  an  underclaj.  This  ring  of  coaly 
matter  thickens  northward,  so  that  at  Hafod-y-bwch,  it  forms  an 
impure  coal  five  inches  thick. 

Above  this  group  we  reach  a  thin  deposit  of  blue  shale.  This  is 
succeeded  by  a  fire-clay  four  feet  thick ;  and  this,  in  its  turn,  is  sur- 
mounted by  a  coal-seam  sixteen  inches  thick,  of  fair  quality.  This 
coal  has  a  hard  grey  shale  roof,  which  is  a  perfect  storehouse  of  plant- 
remains  :  a  brief  attempt  was  recently  made  to  work  the  coal ;  and 
in  doing  so  a  fine  calamite  stem,  twenty  feet  long  and  from  twelTe  to 
eighteen  inches  in  diameter,  was  exposed  in  the  roof  shale.  Pecopteris 
(Buckhmdi  ?)  abounds ;  so  also  do  SHgmarke  and  Lepidodendra  of 
various  species.  l}iere  are  also  Asterophyllites,  Neuropteris  {cordata\ 
Arauearia,  Stemhergia  and  other  plant-remains.  In  driving  a  road 
through  this  shale  some  distance  above  the  coal,  there  was  found  an 
erect  trunk  of  Catamites  or  Caiamodendron  gigas,  which  measures 
eighteen  inches  across  the  base,  and  about  six  feet  in  length  of  which 
was  excavated  and  is  preserved.  This  specimen  retains  portions  of 
the  outer  bark  in  a  carbonized  state.  These  fossilifcrous  shales  are 
covered  by  a  hard  grey  rock  locally  known  as  the  "  half-yard  rock." 
above  which  we  reach  about  five  yards  of  fire-clay,  of  which  I  wish 
especially  to  remark  that  it  contains  numerous  rounded  balls  of 
limestone,  which  are  imbedded  throughout  it. 

This  thick  day  is  surmounted  by  a  group  of  coals,  of  which  th« 
following  is  a  section. 

ft.  in. 

Top.— Coal  2    6 

Dirt   0    7 

Coal  0    6 

Fireclay    0  10 

Coal  1    3 

Fireclay    0    6 

Coal  0    6 

6    8  or  Coal  4  ft.  9  in. 


A  noticeable  feature  in  this  coal,  which  is  worked  and  is  now  known 
as  the  "Morlas  Main,"  is  the  occurrence  (rather  too  often)  of 
"  brasses,"  which  are  exclusively  the  pyritized  stems  of  Calamoden- 
dron  commune :  many  of  these  are  very  instructive  specimens,  which 
show  the  original  structure  of  the  wood  as  well  as  of  the  inner  and 
outer  bark. 

For  a  reason  which  will  be  obvious  presently,  I  wish  to  call  especial 
attention  to  the  almost  unique  mineral  composition  of  these  pyritized 
stems.  Mr.  D.  Hesketh  Eichards,  of  Oswestry,  gives  the  following^ 
analysis  of  them : — 

Iron 30-506 

Sulphur    34-864 

Carbonate  of  lime  25-600 

Other  constituents  not  determined,  bul  consisting 

for  the  moat  part  of  coal  and  insoluble  matter. . .  9*  1 30 

100000 
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The  days  interstratified  wifcb  these  coals  are  full  of  the  rootlets  of 
Siiffmariajicoides;  and  the  oyerljing  shale,  which  is  four  or  five  yards 
^uek,  is  charged  with  SigiUaruE^  Calamites^  and  Lepidodendra^  of 
several  species,  Pecopieris  (Bucklandi  ?),  Neuropteris  eordata,  AsU- 
TophyUiUs^  AraucarUes,  Dadoj^lon^  Stembergia,  and  other  plant- 
remains,  the  grouping  being  similar  to  that  of  ^e  lower  seam  just 
described* 

Above  this  shale  we  reach  a  rock  which  is  known  in  the  district 
as  the  Coedyrallt  rock,  a  good  section  of  which  may  be  obtained  in 
the  Coedyrallt  wood  on  the  right  bank  of  the  Dee,  a  little  below  the 
jnndion  of  the  Ceiriog  with  that  river.  It  is  also  worked  in  qaarries 
along  its  outcrop  on  the  right  bank  of  the  valley  of  the  Morlas. 
North  of  the  Dee  it  is  quarried  in  Wynnstay  Park,  as  well  as  near  a 
fum-honse  one  mile  to  the  N.£.  of  Buabon. 

It  consists  of  buff,  yellow,  and  greenish  grey  sandstones,  in  which 
obscure  traces  of  organic  remains  are  found.  These  sandstones  en- 
close large  irregular  masses  of  limestone,  which  are  not  drifted  frag- 
ments, but  which  form  integral  parts  of  the  rock. 

The  limestone  is  usually  grey  in  colour  and  of  a  coarse  crystalline 
texture.  Some  idea  of  the  quantity  of  calcareous  matter  contained  in 
this  rock  may  be  formed  from  the  fact  that  below  Escob  Mill,  on  the 
right  bank  of  the  brook  Morlas,  a  deposit  of  calcareous  tufift  of  con- 
siderable extent  and  thickness  has  been  formed  by  water  percolating 
through  it. 

The  rock  also  contains  in  its  upper  portion  a  bed  six  feet  thick,  of 
calcareous  nodules  and  concretions  set  in  a  clayey  matrix.  Above  the 
Coedyrallt  rock,  which  varies  in  thickness  from  40  to  80  feet,  is  a  bed 
<^  red  marl ;  shales  follow  until,  at  a  height  210  feet  above  the  Morlas- 
main  coal,  we  reach  a  double  coal-seam  with  a  parting  of  fine  fire- 
day,  as  follows : — 

ft.    in. 

Coal 1     6 

Pire-cUy 10     0 

Coal 1     6 

This  coal  has  been  worked  a  little  in  the  '^  New  Flannog  Pit."  It 
is  succeeded  by  45  feet  of  blue  and  dark  grey  shales,  which  are 
capped  by  a  rock  which,  in  the  New  Flannog  pit,  was  about  6  feet 
thick. 

This  rock  cannot,  I  think,  be  far  from  the  base  of  the  dark  red 
tandstones,  group  4  of  Section  11 ;  but  the  exact  distance  is  not  at 
present  ascertained. 

Good  sections  of  these  upper  sandstones  may  be  seen  along  the 
left  bank  of  the  Dee  frt>m  near  the  new  bridge  recently  erected  on 
the  Penyllan  estate  to  Erbistock  ferry.  Fragmentary  sections  are 
also  seen  in  the  brooks  about  Pant  Mill.  Near  their  base  these  beds 
are  of  a  marly  nature ;  but  they  become  massive  sandstones  as  we 
ascend.  Towards  tiieir  middle  portion  there  are  occasional  irregular 
beds  of  small  pebbles.  There  is  much  false-bedding  among  the  saod- 
stones,  which  also  vary  in  colour  from  brown  to  grey;  they  also  con- 
tain white  gypsiferous  bands. 
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The  thickness  of  this  series  of  sandstones  is  very  great;  it  has  been 
estimated  by  Mr.  Hull*  at  1500  feet ;  and  possibly  it  reaches  that 
thickness ;  but  it  is  difficult  to  define  the  uppermost  limit  of  the  group, 
as  it  appears  to  graduate  into  the  overlying  Bunter,  as  may  be  seen 
by  following  the  ravine  Shellbrook  upwards  towards  the  8.E. 

These  sandstones  have  recently  been  bored  through  near  the  village 
of  Whittington,  two  miles  N.E.  of  Oswestry,  and  six  miles  south  of 
the  Dee-side  section.  The  boring,  after  leaving  the  drift,  passed 
through  bright  red  soft  sandstone  belonging  to  the  "  New  Red,^  and 
entered  these  dark  sandstones,  which  proved  to  be  620  feet  thick. 
They  there  consist  of  coarse-  and  fine-grained  dark  red  and  brown 
sandstones,  occasionally  streaked  with  white ;  and  near  their  base  there 
is  a  bed  of  white  rock  2  feet  thick.  With  the  exception  of  a  thin 
bed  containing  a  few  fragments  of  darker  rock,  there  are  no  con- 
glomerates or  brecciated  beds ;  at  this  point  these  upper  sandstones 
rest  immediately  upon  the  lower  portion  of  the  red  marls  of  group 
3,  the  Ifbon  Coal-measures  and  the  upper  portion  of  the  red  marls 
being  absent.  At  Croeswylan,  two  miles  south  of  this  boring,  these 
upper  sandstones  have  thinned  out  to  about  70  feet  in  thickness,  and 
they  rest  upon  the  red  marls.  AtLlyndys,  two  miles  to  the  south  of 
Croeswylan,  they  rest  immediately  upon  the  Carboniferous  Limestone 
and  Millstone  Grit.  At  Alberbur}%  seven  miles  S.E.  of  Dynclys,  they 
cover  the  calcareous  conglomerate  for  which  that  place  is  celebrated. 

I  have  been  careful  to  trace  these  upper  sandstones  in  their  pro- 
gress southwards,  because  of  their  bearing  upon  the  inferences  to  be 
drawn  presently  as  to  their  true  stratigraphical  position. 

In  the  year  1859  I  described t  the  coal-seams  at  the  top  of  group  3, 
section  11,  as  ordinary  Coal-measures,  and  I  argued  from  them  for  an 
extension  of  the  Coal-measures  eastward ;  for  I  should  here  observe 
that  in  the  maps  of  the  Geological  Survey  the  boundary  between  the 
Coal-measures  and  the  Permian  crosses  the  horizontal  section  at 
point  A  (PL  I.  B).  In  1869  Mr.  Hull^,  in  speaking  of  the  red  marlfl, 
group  3,  as  seen  at  Newbridge  and  at  Hafod-y-bwch  Colliery,  de- 
scribes tliem  as  Upper  Coal-measures,  and  he  Ix^ns  the  Permian  at 
the  base  of  the  dark  sandstone  of  the  Dee,  group  4,  section  11. 

Subsequently  to  the  publication  of  my  paperf  in  1859  I  observed 
from  time  to  time  the  unconformability  of  groups  2  and  3  to  the  un- 
derlying Coal-measures — an  unconformability  amounting  sometimes 
to  between  700  and  800  feet;  I  noticed  also  the  identity  of  the  red 
marls  of  group  3  with  those  mapped  as  Permian  at  Plassau,  N.£. 
of  Euabon,  and  elsewhere.  On  reading  the  description  by  the  late 
Sir  K.I.Murchison  and  Prof.  Harkne8s§  of  the  Permian  strata  of  the 
N.W.  of  England,  I  was  struck  with  the  similarity  of  the  plant- 
remains  of  the  shales  in  group  3  of  their  section  No.  3,  to  those 
found  at  Ifton,  section  1 1  in  the  same  group,  as  well  as  with  the  re- 

*  Triasrio  and  Permian  Books  of  the  Midland  Oountiee,  p.  22. 
t  "On  the  Eastern  Boundary  of  the  North  Wales  CcfU-field/'  Proceedings 
of  the  QeologisU*  Association,  toI.  i.  p.  14. 

!The  Triossic  and  Permian  rocks  of  the  Midland  Countiee,  p.  22. 
Quart.  Joum.  GeoL  Soc.  toI.  xx.  p.  144. 
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aonUanoe  of  oertain  rock  stmotures  in  the  associated  beds.  So  in 
1873  I  was  led  to  describe  the  Ifton  Coal-measures  as  coal-seams  in 
the  Permian*. 

Since  the  publication  of  that  paper  I  have  been  constantly  en- 
gaged in  boring,  sinking,  and  other  mining  operations  in  the  district 
m^er  consideration,  and  I  have  thtis  had  great  facilities  for  the  mi- 
nute stody  of  the  peculiarities  of  its  strata.  More  recently,  in  an 
attempt  I  have  been  making  to  correlate  the  Coal-measnres  of  North 
Wales  witb  those  of  other  coal-fields,  I  have  been  led  to  compare  tiie 
IfUm  section  with  all  the  known  sections  of  Permian  and  Upper 
Coal-measore  strata  which  I  conld  procure.  The  result  is  that  the 
conTiction  at  which  I  hare  inevitably  arrived  is  this : — Call  them 
by  what  names  we  will — Magnesian  Limestone,  Permian,  Dyas, 
Permo-Carboniferous  or  Upper  Coal-measures,  the  strata  described  by 
mod^n  writers  as  Upper  and  Lower,  and  by  the  older  writers  as 
Middle  and  Lower  Permian  are  identic^  with  the  groups  2  and  3  of 
the  Ifton  section  No.  11. 

As  this  is  a  question  of  general  interest,  I  will  ask  you  to  accom- 
pany me  somewhat  closely  through  the  process  by  which  I  have  ar- 
riv^  at  this  conclusion. 

In  the  diagram  of  vertical  sections  (PL  I.  A)  I  have  collected  a 
number  of  accredited  Permian  sections  from  the  typical  Permian 
country,  from  the  earlier  English  home  of  the  strata,  from  Saxony, 
Bdiemia,  North  America,  and  from  various  counties  in  Great  Britain ; 
I  have  placed  the  Ifton  section  in  the  midst  of  them,  together  with  one 
or  two  others  from  North  and  South  Staffordshire  which  may  hereto- 
fore have  been  considered  doubtful.  In  most  of  the  sections  the  true 
thidoieas,  as  given  by  the  respective  authors,  is  given ;  but  in  one  or 
two  cases  no  thickness  has  been  assigned.  I  have  divided  the  sections 
into  groups  of  "  Upper  Coal-measures,"  Lower,  Middle  and  Upper 
Permian,  and  ^'  Bunter  Sandstone ;''  I  have  taken  as  my  base-line  the 
Sptror^it-limestone.  In  dividing  the  sections  horizontally  I  have 
taken  as  the  extent  of  each  group  the  greatest  known  thickness  of 
that  group ;  and  I  have  placed  the  strata  of  the  other  sections,  as 
nearly  as  I  could  from  the  descriptions  given,  in  their  corresponding 
place  in  the  respective  groups. 

It  will  be  observed  how  very  fragmentary  in  many  sections  are 
the  representatives  of  each  group.  The  gaps  between  these  frag- 
mentary portions  in  each  division  serve  to  show  either,  first,  the 
att^iuated  condition  of  t^e  strata  at  that  point,  or,  secondly,  the 
amount  of  denudation  that  has  taken  place,  and,  thirdly,  the  amount 
of  real  unconf<Hinability  there  is  between  the  various  strata  of  each 
section  as  compared  with  the  typical  section  of  the  group. 

With  these  preliminary  observations  I  will  now  ask  you  to  consider 
with  me  each  section  separately. 

Section  1  is  that  of  the  typical  Permian  district  as  described  by 
the  late  Sir  B.  I.  Murchison  t.    Sir  Boderick  states  that  the  strata 

*  "  On  Coal-seams  in  the  Permiim  at  Ifton,  Shropshire,**  Proceedings  of  the 
OeokwisU'  Anooation,  toI.  iii. 
t  'RoMa  in  Europe/  p.  146;  also  '  Siluria,*  1854,  p.  296-97. 
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of  group  2,  which  are  sometimes  gypsiferous,  become  in  other  places 
coarse  grits  interlaminated  with  sandstones  and  yellow,  white,  and 
greenish  marls,  which  contain  plants  and  small  seams  of  impure 
coal.  Group  3  is  variously  described.  In  places  it  is  made  up  of 
limestones  and  marls,  in  others  of  red  grits  and  conglomerates,  and, 
again,  of  red  sands  with  copper  ores ;  occasionally  there  is  much 
sulphur  and  asphalte.  Group  4  consists  of  sandstones  and  con- 
glomerates. 

Section  2  is  one  given  by  Mr.  Binney  *  of  the  strata  at  Canobie. 
Mr.  Binney  describes  the  upper  Coal-measures,  group  1,  as  the 
highest  in  the  kingdom.  He  considers  the  Permian  to  begin  with 
the  lowest  breccia  in  group  2.  These  breccias  are  made  up  of 
Carboniferous  gritstones  and  limestones.  They  are  interstratified 
with  red  shales  containing  rootlets  of  Stigmaria  JUoicUs,  and  also 
with  a  bed  of  limestone  together  with  brown  sandstones.  Group  3 
consists  of  red  shaly  days  with  bands  of  gritstone  and  thin  veins 
of  gypsum.  These  are  surmounted  by  a  brown  sandstone  (group  4), 
which  Mr.  Binney  considers  to  be  the  equivalent  of  the  sandstone  of 
Shawk  and  St.  Bees  on  the  south,  and  of  Glenzier  and  Cove  on  the 
north. 

Section  3  is  the  one  I  have  already  referred  to  as  described  by 
the  late  Sir  R.  I.  Murchison  and  Prof.  Harkness  f.  They  describe 
the  base  of  group  2,  as  consisting  chiefly  of  fragments  of  Carboni- 
ferous Limestone ;  this  is  succeeded  by  red  sandstone,  followed  by 
breccias  which  are  sometimes  rotten,  and  which  are  capped  by  rocks 
containing  quartz-crystals  passing  into  fine-grained  breccia  con- 
taining fragments  of  slate  rocks.  They  give  the  thickness  of  this 
group  as  2000  ft. ;  but  this  estimate  should,  I  think,  be  taken  wiUi 
some  reserve.  The  base  of  group  3  ia  interesting  as  being  composed 
of  shales  from  which  the  authors  collected  the  following  plant- 
remains  : — 


SpheDopteris  Naumanni. 

diohotoma. 

,  sp. 

Alethoptoris  QceppertiL 
UUnmnnia  selaginoidee. 
Bronni. 


Odontopteris,  sp. 
Oardioearpon  triangularis. 
Portions  of  ooniferous  wood. 


The  impure  limestones  of  this  group,  the  authors  take  to  be  the 
equivalent  of  that  of  Barrowmouth,  and  together  with  that,  the 
equivalent  also  of  the  more  largely  developed  magnesian  limestones 
of  the  north-eastern  counties. 

The  sandstone  of  group  4,  they  describe  as  being  identical  in 
mineral  character  with  sandstones  on  the  same  horizon  in  East 
Cumberland  and  Westmoreland. 

Section  4  was  originally  described  by  the  late  Prof.  Sedgwick  t^ 

*  *'  Triassio  Strata  of  Cumberland  and  Dumfries,*'  Memoirs  of  the  Philoaophical 
Society  of  Manchester,  rol.  ii.  3rd  series,  p.  315  et  seq. 

t  *'  The  Permian  Kocks  of  the  North-west  of  England,*'  Quart  Jouni. 
Qeol.  Soc.  Tol.  XX.  p.  144. 

J  Geol.  Soc.  Tmns.  new  series,  toI.  iv.  p.  398. 
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and  afterwards  by  Mr.  Binney  ♦.  It  is  an  interesting  section,  com- 
bhiiiig,  as  it  does,  the  features  of  the  strata  on  both  the  western  and 
eastern  sidee  of  the  North  of  England.  Prof.  Sedgwick  says  the 
tfagnesian  limestone  of  group  3,  is  the  exact  equiralent  of  the 
MagnesiAn  Limestone  of  Nottingham,  Yorkshire,  and  Durham.  The 
aame  is  toie,  he  states,  of  the  red  marls  and  gypsums,  while  the  red 
sandstone  of  St.  Bees  Head,  group  4,  is  unquestionably  the  exact 
eqairalent  of  the  Upper  Red  Sandstone  of  those  counties.  The  lower 
part  of  the  section,  group  2,  is  more  fully  described  by  Sir  B.  I. 
Morchison  and  Prof.  Harkness  in  the  paper  already  referred  to. 

Section  5  takes  ns  over  to  the  eastern  coast  of  England.  It  is 
taken  from  the  pit-section  of  the  Monkwearmouth  Colliery.  It  will 
be  observe  that  the  same  order  prevails  in  group  3  as  on  the 
▼estem  coast,  except  that  here  the  limestone  has  thickened  con- 
s^erably.  Ghroup  2  is  represented  by  about  45  feet  of  red  and  grey 
sandstones.  Group  4  is  not  represented  at  all.  This  district  is 
more  fully  described  in  section  17. 

Section  6  brings  ns  southward  down  the  eastern  side  of  England, 
to  the  country  around  Leeds.  It  is  given  by  Messrs  Aveline,  Green, 
Ward,  Bakyns  and  Bussell  f.  The  upper  hmestone  is  described  as 
grey,  hard,  and  fall  of  fossils.     It  contains  httle  or  no  magnesia. 

The  lower  limestone  is  yellow  in  colour ;  it  decomposes  readily 
near  the  surface.  It  sometimes  contains  a  hard  flinty  rock  locally 
known  as  '*  calUard  ;"  and,  in  places,  its  lowest  beds  are  pebbly.  Its 
common  fossils  are  Schizodtas  of  three  species.  The  interstratified 
and  overlying  marls  are  red  and  variegated.  They  alternate  with 
beds  of  soft  sandstone,  which,  in  places,  contain  deposits  of  g}'psum. 
The  authors  describe  these  beds  as  slightly  unconformable  to  each 
other ;  but  they  hardly  mean  to  imply,  I  should  think,  that  they 
represent  the  three  great  divisions  of  the  Permian  strata^ 

A  more  complete  view  of  the  Permian  strata  of  South  Yorkshire 
is  the  following,  given  by  Mr.  J.  W.  Kirkby  J. 

Group  3  of  Sections. 

Brothefrton  Limestone  and  lower  red  marl  and  gypaun:  of 
BrothcrtoTi.  Knottingley.Womersley,  Wadworth,  !Kckhill.&c      1 20 

Small-grained  dolomite  of  the  Tale  of  Went,  Lound  Hill, 
Cuawortb,  L«»Tit,  Hagg,  Boche  Abbey,  Warmaworth,  Ac.  ...     200 

Lower  limeatone  of  Pontefract,  Wentbridge,  Oonisborough,  &o.     120 


Group  2  of  Sections. 
Lower  red,  yellow,  and  Tariegated  sandstone  of  Pontefract, 


ft. 


Hickleton,  Cadeby,  &<%  100 

This  section  brings  us  nearer,  geographically,  to  Section  7,  which 
shows  the  strata  overlying  the  Nottinghamshire  coal-field.  Group 
2  is  taken  fix>m  the  pit-section  of  the  Shire-Oaks  Colliery ;  the  red 
and  grey  sandstones  at  its  base  are  taken  by  local  engineers  to  be 

•  Mem.  Phil  Soc.  of  Manchester,  toI.  ii.  3rd  series,  p.  373. 
t  The  Geology  of  the  Carboniferous  Bocks  north  and  east  of  Leeds,  1870. 
t  "  On  the  Permian  Bocks  of  South  Yorkshire, "  Quart.  Joum.  Geol.  Soc. 
▼ol.  xrii  p.  287. 

a  J.  0.  a  No.  129.  0 
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the  eqmralent  of  the  Botherham  Bed  Bock.  From  its  place 
Magnesian  Limestone,  as  well  as  from  its  general  reeen 
the  rocks  of  group  2,  it  should,  I  think,  be  placed  low  doi 
Permian  strata.  As  in  some  of  the  other  sections,  this  g 
contains  a  thin  bed  of  coal.  Group  3  is  taken  from  the  £ 
Annesley  as  described  by  Mr,  Headley  ♦.  He  states  th; 
not  sunk  through  at  Annesley,  the  lowest  stratum  of  thi 
a  bed  of  conglomerate.  A  quantity  of  lignite,  in  the 
branches  of  trees,  was  found  in  one  of  the  thin  limestone 
4  consists  of  red  sandstones,  which  are  divided  by  thin  an 
tinuous  beds  of  red  marl. 

Section  8  brings  us  again  to  the  western  side  of  the  Pent 
I  am  indebted  for  it  to  the  kindness  of  Mr.  J.  Ward, 
Longton.  In  group  1  we  have,  as  in  the  Canobie  section, : 
able  series  of  Coal-measures  above  the  /^iror6t»-lime8ton< 
difference  that,  whereas  in  the  Canobie  section  we  have  ( 
remains  distributed  among  the  shales,  here  the  vegetatio 
dense  enough  to  form  thin  coal-seams.  It  will  be  obs 
with  these  coal-seams,  CLud  its  other  strata,  this  part  of 
corresponds  with  the  same  group  in  the  sections  of  Ard^ 
croft,  Iflon,  and  Alberbury ;  and  the  whole  of  these,  tog 
the  Canobie  section,  correspond  with  the  same  group  in 
Scotia  section,  no.  20.  Groups  2  and  3,  are  describ^  so 
that  they  explain  themselves.  I  may  say,  however,  wit) 
to  the  bands  of  hard  grey  rock  in  the  red  marls  of  gr< 
probably,  had  they  been  examined  at  the  time  they 
through,  they  would  have  been  found  to  be  more  or  less 
They  may  be  taken  to  represent  the  limestone  bands  of  1 
on  either  side. 

Section  9  is  one  well  known ;  it  was  referred  to  b 
Murchisont,  by  whom  the  limestones  were  correlatet 
calcareous  breccia  in  the  same  group  at  Alberbury,  sect 
has  since  been  carefully  worked  by  Mr.  Binney,  as  the  k 
Manchester  geologists,  as  well  as  by  others.  Groups  ; 
taken  from  the  sections  of  Mr.  Dickenson  J,  F.G.8.,  H.  3l 
of  Mines,  and  supplemented  by  the  sections  of  the  Geolog 
The  limestones  in  g^up  3  are  held  by  Mr.  Binney  to  b 
valent  of  the  Magnesian  Limestone  of  the  north-eastei 
with  which  both  they  and  those  of  the  Patricroft  secti 
nected  by  a  series  of  sections  in  the  north-western  count 
of  these,  which  were  originally  worked  out  by  Mr. 
quoted  by  Mr.  Hull§.  For  the  sake  of  comparison,  a 
to  show  their  connexion  with  each  other,  as  well  as  th 
which  take  place  in  the  same  groups  over  a  large  an 
the  following  examples : — 

*  "  The  Sinking  of  Annerdey  Colliery,**  British-Aflsociation 
KottingfaAm  meeting,  p.  238.  t  Silurian  Systei 

iTnnn,  Manchester  Geol.  Society,  toL  iv.  p.  155  et  sea. 
The  Gteology  of  the  Country  around  Wigan.    The  wology  c 
around  Bolton. 
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Section  10  is  one  of  Mr.  Binnej^s,  given  by  Mr.  Hull*.  I  insert  it 
because  of  its  resemblance  on  a  restricted  scale  to  that  of  Ardwick 
on  the  one  side  and  that  of  Ifton  on  the  other.  It  is  separated 
from  the  last  by  a  distance  of  about  forty  miles ;  and  the  country 
between  consists  of  a  trough  filled  up  with  TrioSsio  beds  which  hold 
the  great  salt-deposits  of  Cheshire. 

Section  11  is  that  of  Ifton,  which  I  have  already  described,  and  to 
which  I  shall  haye  occasion  to  refer  again. 

Secdmi  12  is  one  which,  in  its  middle  portion,  group  3,  is  well 
known  and  often  quoted.  It  was,  I  think,  first  described  by  Prof. 
Sedgwick  f,  in  the  year  1832,  though  alluded  to  by  Messrs  Cony- 
beare  and  Phillips  in  1822 ;  and  it  has  subsequently  been  noticed 
by  Sir  R.  L  Murchison,  Prof.  Ramsay,  Mr.  E.  W.  Binney,  Mr.  Hull, 
and  others.  Profl  Sedgwick  described  it,  in  descending  order,  as 
follows: — 

Oroop  4.  **  Bdd  and  nuricgited  sandstone  descending  into  the  greet  plain 

of  Shropshire,  and  of  unknown  thickness.*' 
Group  3.  "A  Terj  fine  magnesian  conglomerate,  in  mineral  structure  like 

tne  Bristol  and  Deronshire  conglomerates.** 
€(foap  2.  **  Coarse  reddish  sandstones,  in  character  intermediate  between  a 

coarse  coal-grit  and  a  true  red  or  Tariegated  sandstone."    Between  this 

last  and  the  upper  coal-measures  may  now  he  added  Tarioos  green 

rocks,  breccias,  and  conglomerates.'* 
Group  1.  **  Coal-measurea." 

Sir  B.  I.  Murchison  places  the  conglomerate  group  3,  on  the  same 
horizon  as  the  Ardwick  limestone  bands  and  the  Magnesian  Lime- 
stone beds  of  the  north-east  counties.  Mr.  Hull,  however,  is  inclined 
to  place  it,  along  with  the  conglomerates  of  Shifihal,  South  Stafford- 
shire,  and  Enyille,  in  the  lower  part  of  the  Permian  series.  In 
deciding  a  point  of  tlus  kind,  the  position  the  strata  occupy  is  of 
more  importance  than  their  mechanical  structure  and  the  deriva- 
tion^ of  the  materials  of  which  they  are  composed.   Seeing,  then,  that 

*  GeoJogT  of  the  Country  around  Bolton  le  Moors,  p.  17. 

t  GeoL  Transactions,  ser.  2,  vol.  ir.  p,39Set9eq. 

X  A  few  words  concerning  the  deriyation  of  the  limestone  fragments  and 
boulders  of  this  conglomerate  may  not  be  out  of  place  here.  Thej  are  deriyed 
fragmenta,  and  not  concretions  formed  with  the  rock  like  those  of  Coedyrallt. 
Mr.  HoU,  in  the  work  quoted  helow^,  assigns  some  of  them,  as  does  also  Prof. 
Ramaay,  to  the  Mountam  Limestone,  and  others  to  the  thin  band  of  Sptrorbis- 
limeetone  which,  at  some  depth,  lies  between  them  and  the  coal.  In  considering 
this  explanation  sereral  diiRnilties  meet  us ; — 1.  Wliile  in  colour  the  fragments 
hare  a  general  resemblance  to  the  lower  cream-  and  buff-coloured  beds  of  the 
Mountain  Limestone,  they  are  of  a  paler  cast,  and  often  haTe  a  greenish  tinffe. 
1  There  is  an  entire  absence  of  the  grittr,  reddish,  and  greyish  beds  of  the  midme 
portion,  and  also  of  the  bluish-grer  beds  of  the  upper  series  of  the  Mountain 
limestone  of  North  Wales.  3.  Hitherto  I  hare  tailed  to  detect  in  them  any 
Mountain-limestone  fossils. 

Then  the  i%»ror&ts -limestone,  at  the  most,  consists  of  only  thin  bandis  and  it 
woiUd  take  the  doiudation  of  a  large  area  to  supply  the  materials  for  this  con- 
l^omerate.    It  is  also  closely  associated  with  coal-strata ;  and  if  it  supplied  the 

1  Triaasie  and  Permian  Books  of  the  Midland  Counties,  p.  21. 
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the  conglomerate  immediately  underlies  the  great  mass  of  sandstones 
of  group  4,  and  that  it  is  underlain  in  its  turn  by  the  sandstones  and 
breccias  of  group  2, 1  incline  to  the  opinion  of  the  older  geologist, 
and  place  it,  with  him  and  Prot  Sedgwick,  in  the  middle  group  of 
Permian  strata. 

Section  13  is  regarded  by  Mr.  Hull*  as  a  typical  section.  With 
that  of  Alberbury,  it  has,  in  group  2,  sandstones  and  marls,  in 
group  3  a  somewhat  similar  conglomerate,  with  a  base  of  trappoid 
breccia,  which  perhaps  belongs  more  properly  to  the  top  of  group  2 ; 
these  are  overlain  by  the  usual  mass  of  red  and  purple  sandstones. 

The  district  lying  between  this  point  and  the  Bristol  Channel  has 
been  well  described  by  Prof.  Bamsayt,  who  places  the  Abberley 
conglomerates  on  the  same  horizon  as  that  of  Alberbury.  There  is 
a  remarkable  resemblance  in  the  mineral  composition  of  the  breccias 
described  by  him  and  those  of  group  2  in  the  Ifton  section,  com- 
posed, as  both  are,  of  felstone,  porphyry,  greenstone  porphyry, 
amygdaloid  slate  rocks,  altered  sandstones,  and  quartz. 

It  was  from  the  occurrence  of  large  scratched  boulders  in  this 
conglomerate  that  Prof.  Eamsay  inferred  the  prevalence  of  glacial 
conditions  in  the  climate  of  that  period. 

Section  14  is  from  the  pit-sinking  of  Coppice-HaU  colliery,  near 
Walsall:  I  had  hoped  to  be  able  to  give  the  section  of  the  new 
sinking  at  Sandwell  Park  instead;  but  all  the  attempts  I  have 
made  to  obtain  any  information  of  it  or  of  the  promised  book 
descriptive  of  it  have  been  ineffectuaL  Both  the  Walsall  and 
Tunstall  sections  are  situated,  though  far  apart,  on  the  eastern  side 
of  the  New-Eed-Sandstone  plain  of  Shropshire  and  part  of  Stafford- 
shire ;  and  they  are  interesting  from  the  similarity  of  the  strata  in 
group  2  to  those  of  the  Ifbon  section  in  the  same  division,  pointing 
(as  this  similarity  does)  to  a  continuity  underground  through  the  in- 
tervening area. 

Section  16  is  one  described  by  Mr.  Howell  J  of  the  strata  overly- 
ing the  Warwickshire  coal-field.  In  group  1,  Mr.  Howell  states 
that  the  >^Var&ts-limestone  occupies  a  position  about  50  feet  below 


limestones,  we  should  naturally  expect  to  find  fragments  of  the  ooal  also,  whidi 
we  do  not.  There  is  also,  as  far  as  I  am  acquainted  with  them,  an  absence  in 
the  limestone  fragments  of  the  characteristic  fossils  of  the  Spirorlris-Mmesstcme, 
From  what  source  or  sources,  then,  were  they  deriyed  ?  I  offer  the  following 
suggestion  towards  a  solution  of  the  question.  By  a  reference  to  group  3  of 
the  Tertical  sections,  it  will  be  seen  that  a  large  quantity  of  calcareous  matter 
was  deposited  during  ihe  accumulation  of  the  red  marls,  in  the  shape  of  concre- 
tions and  interstratified  beds.  If  we  imagine  any  considerable  area  of  these, 
which  were  older  than  the  conglomerate  it^f,  exposed  to  denuding  agenoiee,  it 
is  easy  to  conceive  how  in  a  rough  shallow  sea  the  denuded  limestone  boulders 
would  be  rolled  up  alone  the  shore-line  and  become  cemented  together  by  such 
portions  of  the  denuded  red  sands  and  marls  as  did  not  float  back  into  still 
water.  May  not  the  conglomerate  therefore  be  made  up  of  denuded  Pemuan 
limestones  redeposited  with,  and  cemented  together  by,  Irermian  marls  ? 

*  Triassio  and  Permian  Bocks  of  the  Midhind  Counties,  p.  13. 

t  Quart.  Joum.  Geol.  Soc.  vol.  xi.  pp.  191-199. 

I  The  Geology  of  the  Warwickshire  OSal-fiald,  p.  26. 
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ihe  Pennian  strata;  this  limestone  is  traceable  oyer  a  lai^  portion 
of  that  coal-field.  From  Mr.  Howell's  description,  I  imagine  that 
tbe  sandstones  and  breccias  of  group  2  are  not  mnch  represented  in 
the  distriot,  and  that  the  calcareous  conglomerates  interstratified 
between  purple  sandstones  and  red  marls  belong  mostly  to  group  3 
<^  my  sections.  The  sandstones  and  marls  of  group  4  wore  proved 
in  a  boring  near  the  town  of  Warwick;  but  detailed  sections  of  this 
group  are  much  needed. 

Section  16  represents  the  magnesian  conglomerate  of  Somerset- 
flkire.  I  have  felt  considerable  hesitation  in  including  this  section 
among  Permian  strata,  because  of  the  d^ree  of  uncertainty  which 
seems  to  prevail  as  to  its  true  stratigraphical  position.  Mr. 
Etheridge,  in  his  able  memoir  on  the  subject*,  reasoning  chiefly 
from  fossil  evidence,  places  it  towards  the  base  of  the  Keuper  sand- 
stone. In  the  sections  of  the  Geological  Survey,  its  true  position  is 
1^  somewhat  an  open  question.  Local  geologists  also  appear 
midedded  on  the  matter.  Prof.  Sedgwick,  in  1832,  spoke  of  its 
resemblance  to  the  Alberbury  conglomerate,  and  placed  it  on  the 
same  horizon  as  that  deposit  f. 

In  1854  Sir  R.  I.  MurchisonJ  described  this  conglomerate  as  having 
"  usually  been  placed  on  the  same  parallel  as  the  Magnesian  Lime- 
stone <rf  the  north  of  England ;  and  the  analogy  of  the  succession  in 
Shropshire,  where  the  Lower  Bed  Sandstone  is  interpolated  between 
the  coal-fields  beneath  and  the  piagnesian  conglomerate,  favours  the 
new."  Prof.  Phillip8§  described  these  lower  beds  as  "  red  or  daret- 
eoloured  sandstones  and  marls,  chiefly  the  former."  Probably  this 
diversity  of  opinion  is  owing  in  part  to  the  fact  alluded  to  by  Prof. 
Bamsay  as  shown  by  Sir  Henry  De  la  Beche,  that  the  conglomerates 
of  the  district  are  of  variotis  ages ;  so  that  the  different  authors  may  be 
^^eaking  of  conglomerates  of  i^;e8  widely  apart.  Personally  I  only 
know  the  conglomerates  of  the  country  between  WeUs  and  Shepton 
Mallet ;  and  on  reviewing  the  whole  question,  I  am  inclined,  from  the 
great  similarity  in  colour  and  composition,  as  well  as  from  the  ap- 
parently greater  similarity  of  tbe  underlying  sandstones  and  marls 
to  those  of  Permian  than  to  tho*je  of  Triassic  age,  to  regard  the  con- 
glomerates generally  as  belonging  to  the  former  period  rather  than 
the  latter.  The  inferences  drawn  in  this  paper,  however,  are  not 
affected  by  this  question ;  and  the  section  need  not  be  taken  into  ac- 
count by  those  who  differ  from  my  opinion  of  the  age  of  these  con- 
glomerates. 

Section  17  is  the  original  typical  English  section,  as  ^ven  by  Prof. 
Sedgwick  in  1832.  And  really,  when  I  look  at  the  completeness  of 
that  section,  exhibiting,  rs  it  does,  all  the  groups  in  almost  every 
koown  variety  of  strata,  and  read  the  lucid  and  comprehensive  memoir 
b  which  they  are  described,  I  wonder  that  English  geologists  were 

•  "  The  Geological  Position  of  the  Dolomitic  Conglomerate  of  the  Bristol 
area,"  Quart  Joom.  G«oL  Soc.  May  1870. 
t  **  On  the  Magnesian  limestone,'*  Qeol.  Trans,  vol.  ilL  2ncl  series,  p.  64  etseq. 
t  sauna,  p.  382. 
{  Memoirs  of  the  Qeological  Surrey,  Tol.^i.  p.  256. 
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ever  content  to  adopt,  years  afterwards,  a  foreign  name  for  a  group 
of  strata  whose  typical  completeness  lay  in  their  own  country. 
Group  2  is  represented  as  presenting  a  great  variety  of  mineral 
structure,  which  is  shown  hy  the  comparison  of  a  numher  of  sectioiis. 
It  contains  a  hed  of  carhonaceous  shale,  which,  in  places,  becomes  an 
impure  coal.  This  group,  the  Professor  considers  the  equivalent  of 
the  Roth-todtliegende  of  Germany.  Group  3  is  described  as  being 
represented  on  the  west  coast  of  England  by  the  tMn  limestones 
and  shales  of  the  same  division,  and  with  them  as  being  the 
equivalent  of  the  Zechstein  of  the  continent  of  Europe.  Group  4  is 
described  as  the  equivalent  of  the  St.  Bees  sandstone  on  the  west 
(Sections  3  and  4).  Prof,  Sedgwick  places  it  in  its  true  position 
below  the  New  Red  Sandstone,  though  possibly  he  regards  it  as 
having  more  in  common  with  the  strata  above  than  with  those  below. 
He  may  not  have  been  far  wrong  in  this  supposition,  inasmuch  as  the 
more  complete  the  sections  are  that  we  obtain  of  groups  4  and  5  tlie 
less  does  the  supposed  break  and  imconformity  become. 

Section  18  is  a  pit-section  at  Zwickau,  Saxony.  It  is  given  in  an 
interesting  account  of  the  coal-fields  of  that  country  which  recently 
appeared  in  the  'Colliery  Guardian'*.  Group  2  has,  it  will  be 
seen,  all  the  characteristics  of  the  same  group  in  the  other  sections. 
It  may  be  regarded  as  typical ;  for  we  are  told  that  in  many  other 
parts  of  Germany  the  coal- formation  is  immediately  overlain  by  a 
predominating  coarse  grey  conglomerate.  Group  3  has  the  usual 
limestones  ;  and  group  4  consists,  as  in  the  other  sections,  of  sand- 
stones. 

Section  19  is  a  very  complete  one:  it  was  described  by  Sir  R.  I. 
Murchisont  as  occurring  near  Semil,  in  Bohemia.  It  presents  the 
usual  features  of  groups  2,  3,  and  4,  with  a  preponderance,  as  in  the 
Ifbon  section,  of  carbonaceous  matter  and  clays  over  limestones  in 
group  3. 

Section  20  was  recently  described  by  Dr.  Dawson  J,  of  Montreal ; 
and  it  is  perhaps  one  of  the  most  complete  sections  hitherto  given 
of  the  strata  under  notice. 

The  section  starts,  in  group  1,  with  the /Spirorft w-limestone,  which 
Dr.  Dawson  considers  the  equivalent  of  that  of  the  English  coal- 
fields. The  strata  by  which  this  is  overlain  contain  the  usual  coal- 
plants  with  Entomostracan  and  fish-remains.  The  uppermost  shales 
abound  in  Cythere  and  fish-scales.  Group  2  consists  of  thick  grey 
and  reddish  sandstones  with  shales  of  the  same  colour,  together  with 
thin  coals,  clays,  and  nodular  limestones :  they  contain  Calamites 
trunks  of  Dadoxyhn  materiarum,  Lepidodendron^  Pecopteris  and 
NeuropUris,  Group  3  is  made  up  of  red  and  grey  shales,  grey,  red 
and  brown  sandstones,  and  a  thin  coal-seam  five  inches  thick,  with 

*  "The  Ooal-fields  of  Saxony"  as  translated  by  Messrs  Hill  and  Fairley, 
*  Colliery  Guardian,'  April  23,  1876. 

t  **  On  the  Permian  Hocks  of  North-eastern  Bohemia,*'  Quart.  Joum.  Geol.  Soc 
vol.  xix.  p.  301. 

t  "  On  the  Upper  Coal-measures  of  Eastern  Nova  Scotia,"  Quart.  Joum.  Geol. 
Soc.  voL  XXX.  p.  212. 
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Sligmarian  rootlets  in  the  underclay.  Along  the  strike  of  the  strata 
there  is,  at  Carriboa  Island,  a  thicker  coal-seam.  Some  of  the  shales 
contain  concretions  of  limestone  which  sometimes  form  a  nearly  conti- 
nuous bed ;  and  analyses  show  that  some  of  the  limestones  are  highly 
magnesian.  These  are  overlain  by  a  great  mass  of  red  and  grey 
sandstones,  chiefly  red  (group  4),  which,  in  their  turn,  are  covered 
without  apparent  unconformability  by  Triassic  strata.  Dr.  Dawson 
thinks  that  ^e  strata  of  the  section  bear  such  strong  points  of  re- 
semblanoe  to  parts  of  the  European  Permian,  both  in  their  mineral 
character  and  organic  remains,  that  they  may  be  fairly  termed  Permo- 
GsrboniferoTis. 

The  Permian  strata  are  sometimes  divided  into  upper,  middle, 
and  lower  groups,  and  somtimes  into  upper  and  lower  only.  In 
my  grouping  I  have,  as  will  be  seen,  adopted  the  tripartite  divi- 
sion of  the  strata.  This  threefold  division  is,  I  think,  more  true 
to  nature.  For  while  each  of  the  groups  2,  3,  and  4  does,  in  some 
of  the  sections,  bear  resemblances  to  certain  x>ortions  of  the  other 
groups  in  other  sections,  yet,  taking  the  sections  altogether  and 
looking  at  them  comprehensively,  each  group  has  one  or  more 
characteristic  features  by  which  it  may  be  distingmshed  from  the 
others. 

Thus  the  lowest  division,  group  2,  is  characterized  by  the  prevalence 
of  conglomerates  and  breccias,  by  the  preponderance  of  grey  over  red 
sandstones,  by  the  large  proportion  of  the  fragments  of  Cambrian  and 
Silurian  rocks  in  its  breccias,  by  the  greenish  colour  of  many  of  those 
breccias,  as  well  as  by  the  plant-remains  which  have  been  found 
in  most  of  the  sections,  and  which  (in  sections  7,  8, 17,  19,  20,  as 
well  as  in  Russian  sections  corresponding  to  section  1)  have  been 
numerous  enough  to  form  thin  coals.  By  these  features  this  group 
may  be  distinguished  ^m  the  sandstones  and  marls  of  group  4. 

Group  3  is  well  marked  by  the  presence  of  calcareous  matter, 
which,  usually  mixed  with  magnesia,  is  more  or  less  interstratified 
with  white,  red,  and  variegated  marls,  the  calcareous  matter  being 
most  abundant  in  the  north-eastern  counties  of  England.  In  none 
of  the  sections  of  any  thickness  are  red  sandstones  and  trappean-like 
breccias  present  in  any  force.  This  group  is  also  characterized,  in 
sections  of  any  thickness,  by  the  presence  of  shales  with  plant-remains. 
Group  4  is  distinguished  by  the  prevailing  dull  red  colour  of  its 
sandstones  and  marls,  together  with  the  massiveness  of  the  former 
and  the  tiiinness  of  the  latter,  by  the  infrequency  of  its  breccias  and 
their  dissimilarity  to  the  prevailing  character  of  those  of  group  2, 
and  also  by  the  great  dearth  of  carbonaceous  matter  and  the  rarity 
of  plant-remains,  although,  occasionally,  solitary  specimens  of  the 
latter  are  found  which  show  a  relationship,  more  or  less  remote, 
existing  between  this  and  the  groups  below. 

If  now  we  fix  our  attention  on  the  Ifton  section,  11,  and  compare 

it  with  recognized  Permian  sections  on  either  side  of  it,  we  shall  see 

how  strikingly  in  each  group  it  resembles  them  and  possesses  their 

characteristic  features. 

We  see  how  in  group  1  it  has  a  series  of  upper  coal-measures  inter- 
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stratified  with  red  shales  to  the  thickness  of  220  feet,  restii^ 
the  SpirorbiS'hmeBtone,  and  how  in  this  respect  it  compare 
the  sections  of  Canobie,  Ardwick,  Patrioroft,  Alberbury,  Warwic 
Staffordshire,  and  Nova  Scotia. 

The  section  commences  therefore  at  more  than  the  average 
above  the  /8/>iror6i*-lime8tone  at  which  Permian  strata  are 
made  to  begin  in  English  sections. 

In  group  2,  or  the  lowest  usual  division  of  Permian  strata, 
how  it  contains  in  its  breccias,  its  green,  grey,  red,  and  brow 
stones,  as  well  as  in  its  drifted  plant-remains,  all  the  varied 
of  the  group  over  the  wide  range  embraced  by  the  sections. 

In  group  3  (middle  Permian)  this  resemblance  is  also  ver 
There  are  the  ever  present  red,  white,  yellow,  and  variegated 
then  in  the  calcareous  bands  interstratified  with  those  marls 
rolled  and  nodular  limestones  under  the  Morlas  main-coal,  ii 
per  cent  of  carbonate  of  lime  contained  in  the  pyrites  of  th 
seam,  in  the  limestone  masses  of  the  Coedyrallt  rock,  as  w 
the  bedded  calcareous  concretions  of  that  rock,  we  have,  I  tb 
mistakably  the  equivalent  of  the  more  massive  limestonei 
north-east,  the  "brockrams"  of  the  north-west,  the  thin  lir 
of  Lancashire,  and  the  calcareous  conglomerate  of  the  West  11 
as  well  as  of  the  representatives  of  these  in  Bussia,  Saxony,  1 
and  Nova  Scotia. 

I  now  approach  that  development  of  coal-measures  in  tl 
part  of  group  3  of  the  Ifton  section  (No.  11)  which,  to  som 
will  form  a  strong  objection  to  the  acceptance  of  these 
equivalents  of  Permian  strata.    But  why?     We  see  how  tl 
are  paralleled  by  the  dark  fossiliferous  shales  of  Ed^i,  by 
shales  of  Bohemia,  and  by  shales  and  coal  in  Nova  Sootia. 
parison  of  the  list  of  fossil  plants  found  at  Ifton  with  tb 
by  Murchison  and  Harkness,  and  by  Mr.  Dawson,  in  the  paper 
referred  to,  and  of  all  these  with  lists  from  the  continent  oi 
will  show  a  family  likeness  running  through  the  whole, 
farther  show  how  in  all  those  widely  distant  localities  the  e 
forms  appeared  in  the  midst  of  the  survivors  of  the  older 
ferous  flora. 

The  uppermost  sandstones,  group  4,  by  their  colour,  mai 
homogeneity,  and  mineral  composi^on,  correspond  to  the  u 
sandstones  of  the  same  group  wherever  these  are  develope 
they  do  not  correspond  to,  or  contain  within  them  the  repree 
of  the  groups  below  them.  Besides,  as  I  have  pointed  out, 
be  traced  at  intervals  until  they  are  seen  lying  above  the  c 
conglomerate  at  Alberbury.  Their  place,  therefore,  at  the 
and  not  at  the  base,  of  the  Permian  strata  is  clearly  proved 

The  conclusion  is  therefore  to  me  inevitable,  that,  in  the 
graphical  position,  their  mechanical  arrangement,  th^  fossil 
and  in  their  mineral  composition,  the  strata  of  groups  2  anc 
Ifton  section  (No.  11)  are  the  equivalents  of  the  middle  a 
divisions  of  the  strata  usually  described  as  Permian  in  this  i 
countries. 
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If  tliis  be  so,  it  will  be  seen  that  while  the  strata  we  have  been 
•BBsideiiiig,  in  their  conglomerates,  breccias,  sandstones,  limestones, 
sad  marls,  indicate  the  widespread  prevalence  of  marine  conditions 
flffDu^oat  an  immense  period  of  time,  yet,  in  the  strata  charged 
vith  xdaDt-remains  and  in  the  better-defined  coal-seams,  we  have 
rridenoes  that  daring  the  whole  of  that  period  there  were,  as,  indeed, 
w©  ought  to  expect  there  would  be,  land  surfaces  on  which  the  sur- 
TiTors  of  the  coal-measures  proper  lingered  amid  the  growth  of  new 
forms  of  life.  The  carbonaceous  and  fossiliferous  shales  are  the 
OMiiiorials  of  estuaries  and  lagoons  into  which  were  drifted  the  frag- 
ments oC  l^e  fauna  and  flora  of  the  land ;  the  coal-seams  are  the  relics 
oi  land-surfaces  themselyes,  especially  of  those  favoured  spots  where 
%  dense  and  luxuriant  vegetation  could  flourish. 

It  would  be  easy  by  numerous  quotations  to  show  the  difficulty 
which  all  geologists  who  have  made  these  strata  their  study  And  in 
drawii^  the  exact  line  where  the  Ck)al-measures  end  and  the  Permian 
strata  begin.     By  some  that  line  is  marked  by  the  absence  of  Stig^ 
maria  ^fiandes;   but  gradually  that  fossil  is  found  higher  up  in 
the  series.     Then  it  is  the  distance  above  the  ^Sptrorftw-limestone*. 
Often,  as  in  Crermany,  it  is  marked  by  the  first  conglomerate,  and  in 
Scotland,  Lancashire,  Staffordshire,  and  Shropshire  by  the  green  rock 
uid  breccias.     The  truth  is,  as  it  appears  to  me,  that  there  is  no  well- 
marked  boundary-line;  the  change  is  gradual,  and  it  is  locally  dif- 
ferent. That  change  is  marked  generally  by  a  decadence  of  the  density 
uid  luxuriance  of  the  coal-measure  flora,  by  the  greater  paucity  of 
land-surfaoe,  and  by  the  wide  spread  and  long  continuance  of  marine 
e<Hiditions. 

Taking  ihe  whole  of  the  sections  together,  it  will  be  seen  that^ 
looked  at  comprehensively,  there  is  no  real  general  break  in  the 
sequence  of  the  strata  or  in  the  continuity  of  life,  but  that  there  are 
only  local  and  great  unconformabilities  of  strata,  marked  by  equally 
greet  local  gaps  in  the  succession  of  life. 

It  is  also  interesting  to  note  how  very  similar  in  many  respects 
were  the  birth  and  growth  of  the  great  Carboniferous  flora  to  its  de- 
eadence  and  final  exit.  In  the  midst  of  the  marine  conditions  of 
the  deposition  of  the  Carboniferous  Limestone  in  Scotland,  in  the  midst 
of  similar  conditions  during  the  formation  of  the  Yoredale  Rocks 
«nd  Millstone  Grit  of  Yorkshire,  there  were  here  and  there  land-sur- 
&ce8  on  which  grew  the  harbingers  of  that  flora  which  was  destined 
to  attain  to  such  magnitude  and  extent  in  the  Coal-measures  proper. 
So  also,  in  the  midst  of  the  marine  conditions  under  which  were 
fonned  the  marls,  limestones,  and  breccias  of  the  strata  we  call  Per- 
mian, there  were,  as  we  have  Seen,  land-surfeu^es  on  which  that  flora 
still  lingered,  changed  somewhat  in  character  by  the  appearance  of 
now  forms  in  its  midst.  A  stray  plant  found  here  and  there  tells  us 
how  the  survivors  lingered  on  during  the  deposition  of  the  upper 
landstones,  group  4.  Mr.  Binney  t  tells  us  that  a  Stembergia  has  been 

*  Would  not  this  limestone  form  a  good  base-line  for  all  these  Upper  Oar- 
bonifaroiis  strata  ? 
t  Iria«ic  Strata  of  Comberland  and  Dumfries,  p.  355. 
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found  in  Triassio  strata  near  Enncom,  and  several  Calamitc 
water-stones  of  Lymm,  near  Warrington.  Gradually,  the 
doubt  not,  the  land-surfaces  of  the  period  of  the  dark  red  sai 
as  well  as  of  the  overlying  Triassio  beds,  will  be  discovered, 
connexion  be  traced  between  the  plants  of  the  great  Carlni 
era  and  those  of  succeeding  ages. 


EXPLANATION  OF  PLATE  L 


A.  Diagram  secdoni  showing  tbe  oorrelation  of  Upper  Oarbonifero 

mian  strata.    Scale  1  in.  to  200  yards. 

B.  Section  of  strata  from  Chirk,  Denbighshire,  to  Ifton  Heath,  SI 

Scale  1  in.  to  250  yards. 
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3.  On  the  Ghesil  Beach,  Dobseibhibb,  and  Cahobb  SniBeLB  Beach, 
County  Wbxpobd.  By  G.  Henbt  Knr akajx,  Esq.,  M.E J.A.,  &c. 
&c  Communicated  by  Prof.  Eamsat,  r.E.S.,  V.P.G.8.  (Eead 
June  21, 1876.) 

[PlatbII.] 

Preliminary  Remarks, 

&Li-beache8  are  common  around  our  coast  lines;  but  none  seem 
to  have  attracted  so  mucb  attention  as  tbe  Cbesil  Beach  on  the 
nortb-east  margin  of  Lyme  Bay,  Dorsetshire.  This  is  probably 
due  to  the  circumstance  of  the  beach  being  situated  on  a  much 
reeorted-to  coast,  its  great  length,  and  the  peculiar  assortment  of  the 
fragments  composing  the  accumulation,  these  being  arranged  fui  if 
they  had  been  passed  through  a  series  of  sieves  of  gradually  de- 
creasing coarseness.  This  last  particular  has  even  attracted  the 
attrition  of  the  fishermen,  who  say  they  can  tell,  on  the  darkest 
night,  at  what  part  of  this  beach  they  have  landed,  by  the  size 
of  the  pebbles  at  the  place. 

The  latest  published  paper  on  the  Chesil  Beach  is  that  of  Prof. 
Preetwich,  read  before  the  Institution  of  Civil  Engineers,  February 
2nd,  1875 ;  and  from  the  discussion  at  the  reading  of  it  it  is  evident 
that  opinions  still  differ  much  on  the  subject.  This  has  emboldened 
the  writer  of  this  paper  to  come  forward,  more  especially  as  no 
previons  writer  seems  to  have  taken  into  consideration  the  special 
^ects  that  the  "flow**  of  the  tide,  which  is  most  accelerated  at 
the  nodal  or  hinge-line  in  the  English  Channel,  must  have  on  the 
east  shore  of  Ljrme  Bay — also  because  he  has  specially  studied 
Cahore  shingle  beach,  co.  Wexford,  whidi  in  many  points  is  analo- 
gous to  the  Chesil  Beach. 

Tides  in  the  English  Channel  and  Irish  Sea. 

At  Portland  Bill  on  the  English  Channel,  and  at  Cahore  Point 
on  tbe  Irish  Sea,  the  tidal  currents  are  considerable,  and  must 
work  more  or  less  actively ;  but  to  understand  them,  it  is  necessary 
to  give  an  epitome  of  what  is  known  about  the  tides  in  these 
seas.  The  tidal  waves  and  currents  in  the  seas  surrounding  Great 
Britain  and  Ireland  were  but  imperfectly  known  until  after  the 
investigations  carried  on  by  the  late  Adnural  Beechey  and  Lieut. 
F.  W.  L.  Thomas,  RN.  The  result  of  their  researches  in  regard 
to  the  English  Channel  and  Irish  Sea  is  given  in  the  manual  of 
Tides  and  Tidal  Currents  by  the  Rev.  S.  Haughton,  F.T.C.  Dub- 
lin :  and  to  it  we  are  indebted  for  much  of  the  following*. 

The  tides  rise  and /oZZ  twice  in  a  little  more  than  twenty-fpur 
hours  t ;  but  the  risings  and  fallings  are  not  always  of  equal  extent, 

*  Oalbnith  aztd  Haaghton's  Seientiflc  SeriA. 

t  This  and  other  ftatementa  below  in  r^erenoe  to  the  tides  will  be  found 
folly  explained  and  proTod  in  Haughton's  book. 


Digitized  by  VjOOQIC 


30  G.  H.  KDf  AHAK  OH  THE  CHSSIL  BBACH,  nOBSBXSBlSE, 

whether  on  the  coast  or  in  the  open  sea,  they  being  greatest  at  tibe 
Full  and  Change  of  the  moon.  On  examining  the  cotidal  map  of 
the  seas  round  Great  Britain  and  Ireland,  it  will  be  seen  that  the 
tidal  wave  coming  in  firom  the  south-west  is  divided  when  it 
reaches  Ireland,  one  part  (A)  going  round  the  northern,  and  the 
other  part  (B)  going  round  the  southern  end  of  Ireland.  The 
northern  branch  (A)  is  again  divided,  a  part  (A')  going  northward, 
then  round  the  northern  extremity  of  Scotland,  and  afterwards 
southward  along  the  eastern  coast  of  Scotland  and  England,  while 
the  other  portion  (A")  goes  southward  into  the  Irish  Sea.  The 
southern  portion  (B)  of  the  wave  coming  in  from  the  south-west, 
when  it  has  passied  the  S.W.  of  Ireland,  splits — a  portion  (B*) 
running  northward  up  the  Irish  Sea,  while  the  other  part  (B") 
goes  east  into  the  English  Channel.  The  first  of  these  (B')  meets 
the  o&hoot  (A")  from  the  northern  part  of  the  wave  in  the  Irish 
Sea  in  a  line  joining  St.  John's  Point,  co.  Down,  Ireland,  with  the 
Calf  of  Man,  and  Maughold  Head  with  the  centre  of  Morecambe 
Bay,  England,  the  range  of  tide  on  the  Irish  coast  being  16  fe^ 
and  in  Morecambe  Bay  31  feet,  which  are  the  greatest  ranges  in 
the  Irish  Sea,  on  the  Irish  and  English  coasts  respectively.  The 
second  branch  (B")  meets  the  offshoot  (A')  from  the  northern  wave 
of  the  preceding  tide  after  it  has  gone  north-about  round  Scotland ; 
thus  when  they  meet,  A'  is  twelve  hours  older  than  B", — ^the  place 
of  meeting  being  a  line  which  extends  from  the  North  Foreland  to 
the  east  of  Calais,  the  water  rising  24  feet  at  Beachy  Head,  Eng- 
land, and  84  feet  at  Cayeux,  on  the  French  coast.  These  meetings 
of  the  north  and  south  tidal  waves  are  known  as  the  end  or  Jiead 
of  the  tides. 

It  will  of  course  be  carefully  borne  in  mind  that  the  motion  of  a 
tidal  wave  is  quite  distinct  from  that  of  the  water  composing  the 
wave.  Nowhere  in  the  Irish  Sea  does  the  current  caused  by  the 
tide  move  faster  than  five  knots  per  hour ;  yet  the  high  water  no- 
where appears  to  move  more  slowly  than  twenty  knots  per  hour ; 
and  in  the  open  waters  of  the  Indian  Ocean  and  South  Atlantic 
this  is  still  more  striking,  as  in  those  seas  the  high  water 'seems  to 
travel  as  fast  as  the  moon,  or  nearly  1000  knots  an  hour. 

The  »*  flow  "  and  "  ebb  "  are  regulated  by  the  "  rise  "  and  "  fall " 
of  the  tide — the  "  flow  "  commencing  after  the  slach  of  low  water, 
and  ending  with  the  slack  of  high  water,  and  the  "ebb"  com- 
mencing ofter  the  slacJc  of  high  water,  and  ending  with  the  slack 
of  low  water.  At  the  "  head  of  the  tide"  there  is  the  greatest  rise*, 
while  the  lowest  rise  of  the  tide  is  at  the  "nodal"  or  "hinge- 

*  We  now  refer  to  the  tides  in  Bea-channela  open  at  each  end.  In  some 
of  the  confined  bays  and  estuaries,  the  rise  is  higher,  due  to  counter  and 
oonTerging  tides.  Thus,  in  the  Bristol  Channel  there  are  three  "flow"  tides 
entering  it  at  the  same  time — one  going  K.B.  from  Jiand*s-End,  another  eastward 
from  j8t.  David's  Head,  and  a  central  one  due  to  the  "  oflhig  tide."  These,  meet- 
ing near  the  head  of  the  bay,  raise  the  water  on  an  average  47  feet  at  spring  tides, 
but,  when  aided  by  a  8outh-wett€rly  wind,  niae  it  at  Chepstow  l^tween 
60and60feet.  ^ 
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lilies.''     The  <^nodal''  or  '< hinge-lines "  of  i^e  tide  poeseBS  the  fol- 
lowing propeitiee : — 

First.  The  least  rise  and  fall  of  the  tide  takes  place  along  these 
lines. 

Seeomd.  The  quantity  of  water  which  passes  during  the  flow  and 
ebb  of  the  tidal  stream  throngh  a  section  drawn  along  these 
nodal  lines  is  greater  than  the  quantity  of  water  passing 
Hirough  any  other  section  of  the  seas ;  and  consequently, 
€4Heris  panbuSy  the  tidal  stream  is  greater  along  these  lines 
than  in  any  other  section  of  the  channel. 

As  the  tidal  currents  flow  and  ebb  to  and  from  the  ^'  head  of  the 
tide,"  there  must  be  two  nodal  lines,  one  on  each  side  of  the  '^  head 
of  the  tide;"  and  such  we  find  in  the  North  Sea  and  English 
Channel  and  in  the  Irish  Sea.  In  the  North  Sea  it  is  situated  near 
Yannouth,  on  the  Norfolk  coast,  and  in  the  English  Channel  at 
Swanage  Bay,  Dorsetshire ;  while  of  those  in  the  Irish  Sea,  the 
northern  one  occurs  between  Ballycastle  aud  the  Mull  of  Cantyre, 
^nd  the  southern  one  between  Courtown  aud  Aberystwith.  With 
the  nodal  lines  and  their  accompanying  currents  at  Swanage  Bay 
and  Courtown  we  are  most  interested^  as  they  respectiTely  afifect  the 
Chesil  and  Cahore  beaches. 

In  the  Irish  Sea  the  "head  of  the  tide"  is  aline  across  the  greatest 
breadth  of  the  sea,  while  the  "  head  of  the  tide  "  between  the  North 
Sea  and  the  English  Channel  is  a  line  across  the  Straits  of  Dover, 
the  narrowest  section  of  the  sea.  This  dissimilarity  gives  rise  to 
some  remarkable  difierenoes  as  to  the  meeting  of  the  tides  in  the 
two  cases.  In  the  Irish  Sea,  west  of  the  Isle  of  Man  there  is  a 
tnct  apparently  tideless,  and  ihe  line  of  the  "  head  of  the  tide  "  is 
constant  (Full  and  Change) ;  but  in  the  Straits  of  Dover  the  line  of 
meeting  and  of  separation  oscillates  during  each  tide  between  Beachy 
Head  and  the  North  Poreland  (60  miles)  in  the  following  manner : — 
**  When  the  water  on  the  shore  at  Dover  begins  to  fciU^  a  separation 
of  the  Channel  stream  takes  place  at  Beachy  Head ;  as  the  fall  con- 
tinnes,  this  line  of  separation  creeps  to  the  eastward ;  at  two  hours 
i^ter  Dover  high  water  it  has  reached  Hastings ;  at  three  hours, 
Kye ;  and  thus  it  travels  on  until  at  low  water,  by  the  shore,  it 
lias  arrived  nearly  at  the  line  joining  the  North  Foreland  with  Dun- 
kirk. At  this  time  the  Channel  stream  on  both  sides  is  slack,  but 
for  the  60  miles  from  the  Foreland  to  Beachy  Head  is  still  running 
to  the  westward.  When  the  water  begins  again  to  make  on  shore, 
the  Channel  streams  commence  to  run  towards  the  strait  from  both 
ndes,  and  the  line  of  separation  again  occurs  at  Beachy  Head,  and 
begins  to  travel  again  slowly  to  the  eastward  "♦•  • 

The  nodal  lines  are  also  lines  of  ''tide  and  half-tide;"  for 
when  it  is  low  water  at  the  '^  head  of  the  tide "  in  the  Irish  Sea, 
the  stream  commences  to  flow  both  in  the  north  and  south  chan- 
nels— that  is,  three  hours  before  high  water  at  the  nodal  hnes ;  so 
that  the  '* offing  tide"  begins  to  flow  at  half-flood  on  shore  ^  and  in 

»  Beediey,  Phil.  Trans.  1851. 
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like  manner  the  offing  tide  on  the  nodal  lines  begins  to  ebb  at 
half-ebb  on  shore— which  is  the  relation  between  the  offing  tide 
and  the  onshore  tide,  known  to  sailors  as  '^  tide  and  half-tide'^. 

Driftage  of  Sea-beaches. 

Now  as  to  the  driftage  of  sea-beaches.  In  Prof.  Prestwich's  paper 
on  the  Chesil  Beach,  and  the  discussion  that  followed  thereon,  certain 
points  were  raised.  Of  these  the  first  and  principal  one  seemed  to 
be  that  wind- waves  have  greater  driftage  power  than  the  tidal  cnr- 
rent.  On  this  point  it  would  appear,  from  the  report,  that  Prof. 
Prestwich  and  nine  of  his  critics  believe  in  the  greater  driftage- 
power  of  wind- waves,  one  of  the  latter  in  wind- waves  and  tidal 
currents  combined,  while  only  two  believed  in  the  superior  power 
of  the  tidal  current  over  wind- waves  f.  As  to  the  second,  the  author 
of  the  paper  goes  so  far  as  to  state  that  the  currents  of  the  flow 
and  ebb  tides  neutralize  each  other's  effects.  The  third  point  brought 
forward  was  that  a  current  carried  the  smallest  fragments  furthest. 

First  point, — From  what  has  been  stated  it  is  evident  that  the  fol- 
lowing is  at  variance  with  the  opinions  of  many  eminent  men.  In 
another  place  :t  I  ^fl-VG  attempted  to  show  that  on  the  Irish  coast 
the  current  due  to  the  flow  of  the  tide  has  greater  drifting  powers 
than  wind-waves,  the  driftage  due  to  the  latter,  if  contrary  to 
that  of  the  incoming  tide,  being  eventually  carried  back  again,  and 
that  the  maximum  driftage  results  from  a  combination  of  the 
tidal  current  and  of  waves  caused  by  a  wind  blowing  in  a  similar 
or  nearly  similar  direction  to  the  flow  of  the  tide. 

Wind-waves  make  a  great  appearance ;  but  if  we  look  for  the 
results,  they  seem  to  be  very  like  tlie  noisy  fussy  worker,  who  is 
"  all  show  but  little  work ;"  while  the  tidal  current  may  be  com- 
pared to  the  quiet  steady  man  who  has  most  to  show  at  the  end  of 
his  day's  work.  Wind- waves  can  throw  up  beaches ;  but  it  would 
seem  that,  unaided,  they  cannot  cause  them  to  travel.  In  the 
delta  of  the  Khone  (Ansted  "  On  the  Lagoons  and  Marshes  of  the 
Shores  of  the  Mediterranean,"  Proc.  Inst.  C.  E.  vol.  xxviii.,  read 
February  16,  1869)  the  wind-waves  throw  up  beach  after  beach. 
So  also  on  the  north  coast  of  Wales,  where  we  find  series  of  "  stomi- 
beaches  "  consisting  of  beach  after  beach,  each  outside  the  preceding 

*  In  the  English  Channel  and  the  Irish  Sea,  the  surface  tidal  currents  are 
known  from  the  inyeetieations  carried  on  by  the  officers  of  the  Royal  Navy ; 
there  are.  however,  under  tidal  currents  that  have  never  been  investigated. 
They  are  known  to  exist ;  but  their  laws  and  relations  one  to  another  are 
perfectly  unknown.  On  the  subject  of  an  inquiry  like  the  pre8ent,they  must 
exercise  a  vast  influence ;  but  unfortunately  we  cannot  refer  to  them. 

t  Of  tlta  ten  advocates  for  the  wind-waves,  all  seem  to  have  studied  prin- 
cipally on  the  south  coast  of  England,  where,  as  the  prevalent  wind-waves 
and  the  "flow'*  of  the  tide  are  in  the  same  direction,  one  force  may  easily 
be  mistaken  for  the  other ;  while  of  three  who  believe  in  the  tidal  current, 
two  have  studied  the  wave  on  the  south,  and  the  other  on  the  west  coast  of 
England.  One  of  the  other  commentators,  who  has  studied  on  the  east  coast 
of  England,  does  not  give  any  definite  opinion. 

+  "Tidal  Currents  twatt* Wind-waves,"  Proc. Boy. Irish  Academy,  aer.  2, vol. 
ii.  p.  443,  and  Qeol.  Mag.  dec  ii.  vol.  iii.  p.  83. 
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•ne.  Sndi  beaches,  howerer,  do  not  travel,  but  gradually  add  to 
the  sor&oe  of  the  lajid. 

The  following  facts  may  also  be  appealed  to  in  favour  of  the 
greater  power  of  tidal  currents: — a  ship  at  anchor  always  rides  with 
the  tide,  except  in  excessive  wind ;  and  then  it  is  the  wind,  not  the 
wind- wave,  ^at  veers  round  the  ship,  rishermen's  nets  that  break 
loose  during  a  storm  always  float  with  the  tidal  current ;  so  also  do 
wrecks,  timber,  and  the  like :  these  being  below  or  only  a  little 
above  the  surface  of  the  water,  cannot  be  driven  by  the  wind ;  but 
if  the  wind-waves  are  more  effective  than  the  tidal  currents,  they 
ought  to  go  with  the  former,  not  with  the  latter*.  We  also  find 
that  off-shore  banks  and  shoals  always  lie  with  the  course  of  the 
flow-tide  currents,  irrespective  of  the  direction  of  the  most  prevailing 
er  most  effective  winds f. 

It  will  be  found  that  if  the  effective  winds  come  in  a  contraiy 
direction  to  the  flow  tide,  all  permanent  sand  and  gravel  banks,  di- 
v^ting  the  "  invers  "  or  mouths  of  rivers  and  streams,  are  due  to  the 
currents  of  the  flow  tide.  Continued  winds  in  a  contrary  direction 
may  often  temporarily  pile  up  a  bank ;  but  as  soon  as  they  cease, 
the  bank  is  rapidly  carried  away  and  disappears):.  Many  interesting 
facts  may  be  learned  from  the  study  of  wrecks  on  sea-beaches.  If 
a  ship  is  cast  broadside  on,  and  the  wind  and  tidal  currents  are  in 
the  same  direction,  the  beach  inside  the  wreck  is  scooped  out.  If, 
however,  the  current  and  wind-waves  are  contrary,  a  bank  is  cast 
«p  behind  the  wre^  the  greater  accumulation  of  the  sand  being  to 

^  InitmetiTe  experiments  may  be  made  with  bottlee  so  filled  that  thej 
viU  float  at,  but  not  abore,  the  surface  of  the  water,  also  with  corks.  These 
will  go  with  the  flow  of  tide  (though  not  with  its  ebb)  across  a  whole  gale  of 
wind. 

t  In  some  places  on  the  east  coast  of  Ireland  both  the  flow  and  ebb  tide,  ss 
marked  on  ti&e  Admiralty  charts,  run  obliquely  across  the  off-shore  banks.  In 
s«eh  plares»  howerer,  they  are  only  surface  currents,  as  there  are  undercurrents 
along  the  banks.  It  may  be  stated  that  the  latter  currents  are  caused  by  the 
banks;  bat  if  so,  what  originally  formed  the  banks?  As  the  banks  are  pskratlel 
to  the  flofw-tide  current  in  the  channel  of  the  Irish  Sea,  does  it  not  appear  pro* 
hafale  that  these  undercorrttits  may  be  the  edge  of  the  mid-channel  current  ? 

The  most  prerailing  and  most  effective  wiims  are  not  necessarily  the  same. 
In  the  sooth  of  Ireland  the  most  preTailing  wind  is  from  the  S. W. ;  this  wind 
sweeps  aerosB  the  lowlying  8JE.  portion,  and  on  the  S.B.  coast  is  an  off-shore 
wind  that  has  little  dfeet,  the  most  effective  winds  coming  from  the  SJi. 
aBdN.£. 

X  In  the  But  Bay  (Portland)  there  are  two  drifts,  one  northward  from  Port- 
land towards  Weymouth,  and  the  other  westward  from  Lulworth  towards  Wey- 
mouth. It  bas  b!een  suggested  that  these  driftam  are  due  to  the  haj  being  open 
to  the  full  fbroe  of  the  wind  from  the  8.B.  If,  howerer,  we  examine  the  tidal 
eurreots,  we  ftod  that  an  offset  incoming  stream  runs  from  Portland  northward 
while  the  oAng  tide  forms  an  on-shore  tide  in  the  eastern  portion  of  ttie  bay, 
which  flows  from  east  to  west  The  set  of  the  offinff  tide  on  shore  here  must  be 
fsry  coosiderable  on  account  of  thelong  loop  each  hour's  tide  makes  up  the 
dwanel  (see  any  ooUdal  map),  the  VllL-o'dock  waTe  (Full  and  Change  of  moon) 
tituflhing  the  shores  at  Portland  Bill  and  Oape  la  Hif^ne  at  the  same  time  that 
the  end  of  the  loop  is  further  up  than  Portsmouth ;  while  the  loop  of  the  VUI.- 
«'do^  ware  is  stiU  farther  out  of  proportion. 

aJ.G.8.  No.  129.  D 
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windward  or  leeward  reepectavely,  if  the  tidal  current  or  wind 
have  the  greater  power.  In  the  latter  case,  if  the  cai^go  ^' 
lobse  "  it  will  he  carried,  if  not  very  heavy,  hy  the  wind-i 
heavy  cai^oes,  such  as  coal,  if  the  gale  he  continued,  will  b 
or  less  carried  to  leeward,  hut  eventually  will  go  with  th< 
current;  a  cargo  of  green  timher  or  "  pit  wood,**  as  it  floats , 
the  surface,  is  usually  stranded  to  windward,  having  been  < 
hy  the  tide  against  the  wind- waves.  While  examining  into  th 
tive  driftage  powers  of  wind-waves  and  tidal  currents,  there 
kind  of  the  latter  nearly  always  ignored ;  that  is,  the  current 
the  on-shore  set  of  the  offing  tide.  A  wreck  may  he  off  the  ooa 
the  wreckage  drifting,  say  northwards,  across  a  gale  from  th 
or  north-east ;  it  will  he  carried  in  that  direction  for  half  tide 
hours) ;  hut  after  the  offing  tide  sets  in,  it  will  he  carried  i 
shore.  This  on-shore  driftage  is  usually  supposed  to  he  due  i 
wind ;  and  fishermen  explain  it  thus : — '^  The  wind  has  no  for 
half  the  tide  is  gone." 

SecoTid  Point, — "  Flow  and  ehh  of  the  tide  are  equal  and  opj 
and  therefore  counteract  one  another's  effects."     Let  us  ex^ 
into  certain  effects  of  the  ehh  and  flow  of  the  tide  which  can  b 
tinguished.     On  a  calm  day,  when  there  is  not  a  ripple  on  the 
nor  a  perceptible  ground-swell,  if  the  tide  is  ebbing  it  imperce] 
drops  away  from  the  shore,  leaving  every  thing  undisturbed, 
however,  it  is  flowing,  the  strand  under  similar  circumstance! 
saturated  with  water  before  the  waves  go  over  it,  which  causes 
particle  to  be  more  or  less  buoyant ;  so  that  even  in  low  neap 
where  the  current  is  least,  fragments  of  considerable  size  wi 
moved,  although  only  an  inch  or  two.     During  spring  tide,  tb 
coming  tidal  current  is  greatest ;  therefore  it  might  be  supposed 
the  outgoing  current  also  would  be  greatest  at  this  state  of  the 
yet  under  such  circumstances  we  find  the  water  drop  away  froi 
shore  without  disturbing  those  portions  of  the  beach  that  are  i 
uncovered  except  during  "  spring  tides."   This  of  course  only  reft 
ordinary  coast-lines ;  as  in  *'  narrows,"  and  round  certain  points  1 
are  ebb-tide  currents  which  effect  considerable  local  driftage.  Fun 
more,  in  estuaries  and  bays  the  mud  and  sand  banks  always  indi 
from  their  shapes  and  positions,  that  they  are  more  due  to  the 
than  the  ebb  of  the  tide.     This  is  to  be  seen  even  in  estuaries 
which  large  rivers  flow,  and  in  which  the  ebb  tide  is  there  i 
mented.     It  may  also  he  pointed  out  that  the  margin  of  the 
tide,  no  matter  how  calm  the  water  may  be,  is  always  more  or 
"  dirty  "  (with  fragments  of  seaweed  and  such  like) ;  but  this  di 
left  behind  when  ^e  tide  ebbs.    The  flow  tide  when  it  comes  1 
stranded  object  pushes  it  before  it ;  but  a  slight  resiBtance  will  ] 
vent  a  similar  object  from  being  dragged  out  hy  the  ebb. 

When  the  flow  tide  is  helped  by  the  wind  its  effects  are  c 
fliderably  increased;  but  wind-waves  do  not  proportionally  a 
ment  tiie  ebb  tide.  This  can  be  seen  during  a  moderate  gale  of  wi 
when  waves  are  breaking  on  a  beach.     11  the  tide  is  flowing, 
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teek  wash  (A,  fig.  1)  of  each  wave  will  carry  a  quantitj  of  sand  and 
tlie  like  wiUi  it,  which  at  the  junction  (B)  with  the  incoming  wave 


Hg.  1. — Diagram  of  a  Wind^wave  breaking  on  a  shelving  beach. 


will  be  mety  toeeed  about,  and  carried  back  again ;  bat  if  the  tide  is 
eblong,  scaroelj  any  particles  will  be  earned  by  the  back  wash,  and 
the  junction  (B)  with  ihe  incoming  wave  will  scarcely  have  even  a 
particle  of  sand  in  it.  In  the  first  case,  a  bucketful  taken  at  the 
junction  would  be  sand  and  water,  while  in  the  second  it  would  be 
neatly  pare  water. 

-  Tkinl  Point — "  Currents  carry  the  smallest  fragments  furthest.'' 
Tidal  currents  are  different  from  other  currents,  ^ey  break  on  the 
shore  in  successive  waves,  whether  these  be  augmented  by  wind- 
waves  or  not,  drive  the  fragments  obliquely  up  the  beach,  the  larger 
<»ies  to  remain  or  only  to  be  brought  back  a  little  way,  while  the 
smaller  ones  are  caught  in  the  **  back  wash,"  and  carried  back  again 
tin  they  meet  the  succeeding  incoming  wave.  Thus  the  larger  frag- 
ments have  a  tendency  to  be  driven  higher,  and  further  up,  and 
along  a  beach  than  the  smaller  ones.  Also,  if  the  progress  of  a 
beadi  is  stopped  by  a  groyne,  whether  natural  or  artificial,  the 
larger  pebbles  accumulate  behind  it,  and  form  a  shingle  beach. 

Cbeail  and  Cahore  beaches  are  remarkable  on  account  of  their 
being  very  similarly  circumstanced  in  several  particulars ;  this  will  be 
evident  from  the  following  table  of  comparison.  All  the  statements 
in  regard  to  the  Cahore  beach  are  given  from  personal  examination; 
but  fra*  thoee  relating  to  the  Chesil  beach  we  have  to  rely  on  the 
notes  and  publications  of  other  observers.  Some  of  the  points  of 
oompartsoQ  are  partly  speculative,  but  agreeable  with  the  known 
results  of  certain  natural  laws. 


A  GMiparistm  of  the  Conditione  at  the  Cfhenl  Beach,  Dorsetehire^ 
and  at  the  Cahore  Shingle  Beach,  eo,  Wexford, 


Obxsu.  Bbach. 
1.  The  beach  is  situated  on 
tiie  north  aide  of  the  English 
Channel,  where  there  is  a  smaller 
"im^  of  the  tide  than  on  the 
lOQtii  side(coa8t  of  France). 


Oahobi  Shihglb  Biach. 
1.  The  beach  is  situated  on  the 
west  side  of  the  Irish  Sea,  where 
there  is  a  smaller  ''rise"  of  the 
tide  than  on  the  east  side  (coast 
of  England). 

d2 
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2.  It  lies  on  the  N.E.  Bbore 
of  Lyme  Bay  (the  lai^e  bay  be- 
tween Start  Point  and  Portland 
Bill). 

3.  This  beach  is  a  barrier  di- 
viding the  lagoon  called  The  Fleet 
from  the  open  sea  (Lyme  Bay). 
The  Fleet  has  its  embonchnre 
into  the  sea  on  the  east  of  Port- 
land Island.  This  high  tract 
mnst  have  been  an  island  when 
the  sea  was  a  little  higher  than 
at  present. 


4.  The  pebbles  in  the  beach 
graduate  regularly  from  sand  at 
the  western  end  to  shingle  at  the 
eastern  end. 

6.  Towards  the  eastern  termi- 
nation the  beach  increases  con- 
siderably both  in  bulk  and  height. 

6.  The  beach  ends  at  Ghesilton, 
some  distance  north  of  Portland 
BiU. 

7.  Many  of  the  pebbles  in  the 
beach  are  similar  to  those  found 
on  the  west  shore  and  in  the 
country  west  of  Lyme  Bay,  but 
especially  in  the  "  raised  beach  " 
that  occurs  in  places  at  Start 
Bay  and  elsewhere. 

8.  Possibly  most  of  the  pebbles 
found  in  Chesil  beach  have  tra- 
velled from  the  westward  across 
the  deep  water  in  Lyme  Bay. 
According  to  the  records  of  dif- 
ferent observers  some  pebbles 
travel  eastward,  along  the  north 
shore  t-o  Pinney  Bay,  immediately 
west  of  Lyme  Begis ;  but,  accord- 
ing to  the  Admiralty  Chart,  there 
could  not  be  a  continual  tidal 
driftage  round  the  shore  of  Lyme 
Bay  from  the  Start  to  Chesilton,  as 


2.  It  lies  on  the  N.W.  shore 
of  Wexford  Bay  (the  shallow  bay 
between  Greenore  and  Cahore 
Points). 

3.  This  beach  fringes  a 
long  irregular  accumulation  of 
.£olian  drift  (blown  sand),  this 
latter  dividing  a  reclamation,  or 
intake,  formerly  a  lagoon,  fr^m 
the  sea  in  Wexford  Bay.  The 
ancient  lagoon  had  its  embou- 
chure into  the  sea  on  the  south 
of  Cahore  highland,  whidi  hill 
was  an  island  when  the  sea  was 
a  little  higher  than  at  present. 

4.  The  beach  in  its  southern 
part  is  a  mixture  of  sand,  gravel, 
and  shingle ;  while  near  its  north 
end  it  is  a  clear  shingle. 

6.  Towards  the  north  the 
beach  slightly  increases  in  bulk, 
also  nearly  due  west  of  the  north 
end  of  Busk  Bank. 

6.  The  beach  terminates  400 
yards  S.SJE.  of  Cahore  Point. 

7.  Many  of  the  pebbles  in  the 
beach  are  fragments  of  the  rocks 
only  found  in  the  country  south 
of  Wexford  Bay,  but  especially 
between  Greenore  and  Camsore 
Points. 

8.  Many  of  the  pebbles  found 
in  the  Cahore  shingle  beach  must 
have  travelled  across  the  bay 
from  Greenore*,  as  there  is  not  a 
continuous  travelling  of  the  beach 
round  the  shore  of  the  bay.  From 
Greenore  some  fragments  of  the 
Greenore  rocks  travel,  first  west- 
ward and  then  northward,  round 
the  shore  of  the  south  or  Bally- 
geary  Bay ;  these,  however,  with 
others  that  have  come  across  the 
deep  water,  collect  as  shingle  on 


*  T  am  informed  by  T.  Winder,  Esq.,  M.In8t..C.E.,  that  during  last  summer, 
while  making  a  submarine  survey  for  the  extension  of  Ballygeary  Pier,  he  found 
«  stream  of  pebbles  trayelling  northward  across  the  bay  from  Greenore. 
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ikae  are  ^  ooontertidea  "  in  dif- 
feiwt  ^aces,  the  principal  ose 
bong  off  Beer  Head,  where  the 
tide  reroiyes,  the  ^'  flow  "  tide  at 
the  same  time  numing  both  to 
the  N.£.  and  to  the  W.,  while 
there  is  a  "drain"  to  the  S.S.W. 
From  the  sonndings  on  the  Ad- 
mirahj  Charts  very  little  can  be 
learned  concerning  the  trayelling 
of  fragments  in  deep  water :  one 
fragment  on  every  square  foot  of 
the  bottom  of  the  bay  would  pass 
unnoticed,  while  one  fragment  on 
eTerysqoare  yard  wonld  be  more 
than  si^ldent  to  snpply  the  ma- 
terials to  keep  up  the  Cheail 
beach. 


the  beach  to  the  S.  W.  and  on  the 
back  (sonth)  of  the  Dogger  bank 
(the  shoal  off  the  month  of  the 
lagoon  called  Wexford  Harbonr). 
From  the  Dogger  bank  thia 
shingle  drifts  N.£.  into  deep 
water,  from  which  some  pebbles 
are  cast  up  on  the  Bladcwater 
bank,  along  which  they  seem  to 
trav^  some  to  be  driTen  in  shore 
on  the  Cahore  beach,  while  many 
of  them  go  northward  past  Cahore 
Point,  where  they  are  fonnd  on 
the  different  beaches. 

North  of  the  Dogger  bank, 
between  it  and  Uie  Cahore  beadi, 
the  rock-fragments  that  Call  from 
the  drift-diffii  (which  in  places 
are  composed  of  Tory  stony  ma- 
terial) are  sucked  seawaids  by 
the  back  wash,  and  few  or  none 
travel  along  the  beach:  neither 
are  there  any  pieces  of  the  One- 
nore  rocks  to  be  found  here- 
abouts. 

9.  Cahore  Point,  which  bounds 
Wexford  Bay  on  the  north,  is 
the  headland,  down  stream  (in 
regard  to  the  ''flow"  tide),neaxu 
est  to  Courtown — the  liuti  end 
of  the  nodal  or  hinge-Unfi  of  tha 
tide  in  the  Irish  Sea. 

10.  At  Cahore  Point  it  is  hi^ 
water  (at  frdl  and  change  of 
moon)  at  7  o'dock. 

11.  At  Courtown  is  the  least 
"  rise "  of  tide  and  the  greatest 
current  in  the  south  portion  of 
the  Irish  Sea.  The  range  is 
2  feet. 

12.  The  current  in  the  Irish 
Sea  from  its  Atlantic  entrance 
(a  line  from  Cape  Clear  to  the 
Soilly  Islands)*  increases  till  it 

»  In  both  mwii  the  cunreats  do  not  increaie  in  regular  ^prommoa  from  tho 
•Dtmoee,  onaoooimtof  the  tide  in  plaoeB  ninnmg  more  »7*~^LZ^  ^2i 
hod^  alao  on  aeeount  of  the  oomplicatioM  of  tides  due  to  Uw  rmee^re  offijet 
b^!i-Uhet  of  the  GuU  of  St.  idlo  off  the  Bnglish  Ohannd,  mnd  thatof  th* 
Br«tol  Ghaonel  off  the  Irieh  Sea. 


9.  Portland  Bill,  the  headland 
that  bounds  Lyme  Bay  on  the 
east,  is  tiie  headland,  down 
stream  (in  regud  to  the '' flow  " 
tide),  nearest  to  Swanage,  the 
Encash  ead  of  the  nodal  or 
hinge-Une  of  tbe  tide  in  the  £n- 
gli^ChanneL 

10.  At  Portland  Bill  it  is  high 
water  (at  foil  and  change  of 
moon)  at  7  o'dock. 

11.  At  Swanage  b  the  least 
"*  rise"  of  tide  and  the  greatest 
current  m  t^e  English  ChanneL 
The  range  is  5  feet. 

12.  The  current  in  the  English 
Channel  from  its  Atlantic  en- 
trance (a  line  from  the  Scilly 
Uai^  to  Ushant  Isle)*  increases 
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till  it  reaches  the  nodal  line 
off  Swanage,  a  distance  of  150 
miles. 

13.  The  current  in  the  Chan- 
nel between  Portland  Bill  and 
Cape  la  Hogue  is  about  3-5  knots 
an  hour*. 

14.  In  Lyme  Bay  there  is  a 
small  bank  (Skerries  bank)  at 
theSJ&.ofStortBaj. 

15.  As  there  are  no  off-shore 
banks  across  the  mouth  of  Lyme 
Bay,  also  as  the  narrow  between 
Portland  Bill  and  Cape  la  Hogue 
tends  to  augment  the  force  of  the 
current,  alr^y  progressiyely  in- 
creasing, after  it  has  passed  Start 
Point  and  is  approaching  the 
Swanage  nodal  line,  the  land- 
ward moTement  of  the  water 
into  Lyme  Bay  from  the  main 
np-channel  current  ought  to  in- 
crease progressively  in  power 
from  Start  Point  to  Portland 
BilL 

16.  As  the  tidal  wave  going 
eastward  up  the  English  Channel 
proceeds  much  faster  at  the  centre 
ihan  on  its  margins  (see  any  co- 
tidal  map),  there  is  necessarily 
an  *'  offing  tide  "  setting  into  the 
different  bays.  This  ought  to 
tend  to  generate  "  on-shore"  or 
«•  countertides "  at  the  eastern 
sides  of  the  different  bays.  If 
such  a  countertide  existed  to  the 
east  of  Lyme  Bay,  it  would  cause 
a  driftage  northward  from  the 
Bill  of  Portland  toward  Chesil- 
ton.  It  would  also  account  for 
the  Chesil  beach  ending  at  Che- 
•ilton. 

17.  The  fifteen-,  twenty-,  and 
twenty-five-fathom  lines  on  the 


reaches  the  nodal  line  o4 
town,  a  distance  oi  150  msai 

13.  The  current  in  th^ 
nel  between  Cahore  Pols 
Braiehypwll  is  2*5  knots  mjoi 

14.  In  Wexford  Bay  tb.^ 
many  off-shore  banks,  prin<| 
in  a  line  between  Greenod 
Cahore  Points. 

15.  On  account  of  tb^ 
shore  banks  in  Wexford  Bcftj 
landward  movement  firom 
main  up-channel  current 
not  increase  progressivelji 
strength.  There  are  also  **^  4 
tides"  generated  by  the  &i 
from  the  Wexford-Harboujr 
goon  that  modify  oonsidera 
the  effects  of  the  landward  m  < 
ment  from  the  main  current. 


16.  At  Cahore  Point  there  i 
"  countertide  "  running  on  sh^ 
towards  the  S.S.W.  for  the  1^ 
three  hours  of  the  "  flow.**  Tl 
tide  is  due  to  the  on-shore  i 
of  the  "offing  tide"  generat 
by  the  tidal  wave  running  mu 
quicker  up  the  centre  of  the  Iri 
Sea  than  at  its  mai^gins.  Th 
countertide  has  stopped  t] 
shingle  beach  from  extending  oi 
to  Cahore  Point. 


17.    The   soundings    on   tt 
Admiralty  Charts  would  suggei 


»  Between  the  line  joining  SUrt  Point  and  the  Ceaquets  (idaade  a  little  we 
of  Cape  la  Hogue)  and  the  line  joining  Beaohy  Head  and  Cape  Aillj  (nei 
Dieppe)  the  flow  of  sprinff  tidee  la  as  follows -.—west  part  2*3  knots,  oeotn 
mirt  9*6  knots,  east  part  Sknots,  off  CapeBarilear  5*4  knots,  and  orer  Hurd 
Beep  2*16  knots  per  hour. 
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Adminlly  Chart  would  seem  to    that  there  are  currents  on  either 

suggest  tliat  there  is  a  current    side  of  the  long  banks  running 

hiigging  the  west  shore  of  Lyme    direct  from  Greenore  to  Cahore. 

Bay  from  Start  Point  to  Berry 

Httd,  and  running  from  this  part 

of  the  bay  direct  onto  the  Chesil 

beach. 


From  a  consideration  of  this  comparison,  it  will  be  evident  that 
there  is  a  striking  agreement  in  the  circumstances  of  the  beaches 
tt  Chesil  and  Cahore.     The  most  distinctive  differences  are : — 1.  The 
great  length  of  the  Chesil  beach.     2.  The  regular  gradation  in  the 
nze  of  the  pebbles  forming  this  beach.     3.  The  great  height  to 
which  tiie  beach  is  piled  up  near  its  eastern  terminatbn.     These 
pecoliarities  may  be  explained  by  the  circumstances  under  which  it 
was  formed  and  is  kept  up.     Chesil  beach  is  open  to  the  incoming 
tidal  current  and  to  winds  which  are  not  only  the  prevailing,  but 
also  the  most  effective  winds,  and  which,  at  the  same  time,  come  in 
a  direction  similar  to  that  of  the  incoming  tidal  current,  and  thereby 
considerably  augment  it.      The  Cahore  beach  is  protected  from 
the  landward  currents  from  the  incoming  tidal  stream  by  the  off- 
shore banks  in  Wexford  Bay.     The  prevailing  winds  (S.W.  winds) 
have  no  effect ;  the  more  effective  winds  in  regard  to  the  driftage, 
come  from  the  S.E. ;  but  the  more  prevailing  winds  that  effect  tiie 
driftage  on  the  coast  are  from  the  N.E.;  and  these  considerably 
diange  and  modify  the  tidal  driftage.     Take,  for  instance,  their 
eSkcto  on  the  mou^  of  Wexford  Harbour.     The  tidal  driftage  tends 
to  extend  the  Dogger  bank  towards  the  N.E.     Continued  winds 
from  the  north>ea8t,  however,  will  stop  this  driftage,  and  force  the 
sand  into  the  N.£.  channel,  and  thus  raise  the  *'  bar,''  so  that  at 
times  it  is  scarcely  passable*.    These  winds,  while  they  last,  have 
considerable  effect  on  the  Cahore  beach,  pushing  it  towards  the 
8.S.W.,  and  modifying  the  arrangement  of  the  fragments  so  that 
the  pebbles  in  it  are  arranged  more  like  those  in  the  Chesil  beach 
after  continued  winds  from  the  S.E.,  than  at  any  other  time.     The 
off-shore  banks  in  Wexford  Bay  are  probably  due,  in  part,  to  the 
frail  nature  of  the  shore-diffst;  it  is  likely,  however,  that  they  may 
he  due  in  part  to  the  circumstance  of  the  wind- waves  rarely  con- 
Bpirmg  with  the  tidal  current,  which  consequently  seldom  acts  to 
&e  most  advantage.     The  ef9ux  out  of  Wexford  Harbour  also 
has  a  considerable  effect  on  the  banks ;    the  Lucifer  bank,  since 
the  intaldng  of  a  considerable  portion  of  the  tidal  muds  of  the 
lagoon,  is  gradually  being  carried  away,  as  is  apparent  on  a  com- 
parison of  the  chart  of  1847  with  that  of  1873.    These  banks, 

*  Wexford  Bay  during  this  winter,  1875-76,  has  been  bo  silted  up  that  the 
tccoltr  traders  from  the  port  can  scarody  get  in  or  out. 

t  lud-wind  driftage  must  also  oonsiderablv  augment  them,  as  during  the 
coD^iiuied  winds  from  the  north-eastward  clouds  of  sand  are  carried  for  miles 
■ootbvKd,  along  the  ooast-line  into  Wexford  Bay ;  part  to  be  lod^  by  the 
witar  on  Uie  banks,  and  part  to  be  carried  again  northward  by  the  tidal  stream. 
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as  also  the  stream  out  of  Wexford  Harbour,  which  is  ebbing 
some  hours  after  the  tide  is  flowing  in  the  Bay,  must  more 
less  prevent  the  oflGshoots  from  the  up-channel  current  increak 
progressively  in  strength.     Consequently  the  results  on  the  Cah 
beach  are  not  so  regular  or  so  marked  as  on  the  Chesil    beai 

but  notwithstanding  all  these  adverse  circumstances,  the  tendei 

on  the  Cahore  beadi  is  for  the  largest  fragments  to  be   can 
furthest  and  thrown  up  highest. 

Another  point  to  be  considered  is  the  great  size  of  Lyme  I 
compared  with  that  of  Wexford  Bay.     Lyme  Bay,  as  just  mentioiil 
is  open,  and  the  Chesil  beach  exposed  to  the  fall  force  not  only  of 
tidal  current  but  also  of  the  most  prevailing  and  efiective  wii 
The  current  also  is  progressively  increasing  in  velocity  as  it   g 
eastward*,  and  therefore  carries  large  fragments  with  it,  to  be  dii^ 
on  shore  and  accumulated  in  a  high  and  massive  beach  when 
current  has  its  maximum  power  during  excessive  winds  f.     As   1 
currents  branching  in  shore  from  the  main  up-channel  strc^am    < 
continually  increasing  in  velocity  from  west  to  east,  each  can  : 
different-sized  fragments,  which,  when  stranded,  cause  the  she  ^ 
accumulation  to  have  its  peculiar  arrangement.  ^ 

The  site  of  the  Cahore  lagoon,  prior  to  its  being  a  lagoon,  f 
when  the  sea  was  at  least  80  feet  lower  than  at  present,  wai  % 
peat-bog,  the  land  then  stretching  considerably  to  seaward,  as  i  "  \ 
bog  is  found  off  shore  at  the  four-fathom  line.     Since  then  th< 
have  been  different  oscillations  in  the  level  of  the  sea,  during  i 
of  which  a  gravel  and  shingle  beach,  which  eventually  grew  into 
^olian  drift  bank,  was  formed,  joining  Cahore  with  the  land  to  i  \ 
south,  and  enclosing  to  the  west  of  it  a  lagoon.     As  on  this  por  ' 
of  the  coast  the  more  prevailing  on-shore  winds  are  from  the  nor 
eastward,  they  often,  while  they  last,  pile  up  large  quantities  of  i 
in  Pollduff,  the  small  bay  on  the  north  of  Cahore.     These  aocum^ 
lations,  however,  are  carried  away  in  an  incredibly  short  time  if  1 
tidal  current  going  northward  is  augmented  by  one  or  two  hea^ 
gales  from  the  south-east.     On  account  of  this  periodical  fiUing-ap  ( 
Pollduff,  the  drainage  of  the  Cahore  lagoon  was  at  first  accomplish 
by  a  canal  cut  thruugli  the  middle  of  the  iEolian-drift  ridge.     ~ 
canal,  however,  was  always  filling  up  by  the  tidal  and  wind  drift 
and  eventually,  about  twenty  years  ago,  was  abandoned ;  now, 
for  seme  years  past,  all  traces  of  it  are  obliterated.    At  presen 
the  tract  is  drained  by  works  that  open  into  Pollduff. 

Conclusion. 

From  the  facts  now  stated,  it  seems  reasonable  to  condade  that  th«  I 
Chesil  and  Cahore  beaches  are  due  to  nearly  the  same  natural  causeSf  j 

»  So©  note,  p.  38. 

t  On  the  west  coast  of  the  Aran  Idandi,  Gblwaj  Bay,  the  storm-waTes  when 
aided  by  the  tidal  current  have  great  power,  and  hurl  up  and  toes  about  huge 
WockB,  forming  a  rampart,  called  by  Prof.  King,  D.Sc.,  "the  Block  Beach.' 
This  beach  in  one  place  on  the  Middle  Iiland  cape  a  oUff  170  feet  in  perpen- 
dicular height ;  but  ueuallj  the  diA  on  which  it  ocenrt  are  much  lower. 
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but  that  at  Cbesil  the  driftage  is  due  to  the  flow-tide  current  aug- 
mented by  waTes  caused  by  the  prevailing  winds,  while  at  Cahore 
the  driftage  is  solely  due  to  the  flow-tide  currents,  its  eflect  being 
modified  by  adverse  wind-waves ;  and  that  the  sorting  of  the  peb- 
tit»  on  Chesil  beach  is  probably  principally  caused  by  the  progressive 
increase  in  the  velocity  of  the  tidal  current  as  it  approaches  the 
nodal  or  binge-line  of  the  tide  in  the  English  Channel. 


EXPLANATION  OF  PLATE  IL 

EedaetioQ  of  porti<m  of  chart,  Lnland,  sheet  XV,,  Wexford  Baj  and  adjohi- 
ing  eoa«t-liiie»  tl^  Cahore  ahingle  beach,  and  ate  of  the  Cahore  lagoon. 
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4.  On  the  Eghivodsbicata  of  the  Austrauan  Caihozoic  (Tertiabt) 
Dkpositb.  By  P.  Mabtdt  Dungak,  M.B.  Lond.,  E.E.S.,  Pres. 
Geol.  Soc.,  Professor  of  Geology  in  King^s  Ck>llege,  London. 
(Read  May  10,  1876.) 

[Plato  IH.  &  IV.] 
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L  Introduction. 

When  the  Cainozoic  or  so-called  Tertiary  deposits  of  Australia 
were  foand  to  be  fossiliferous  in  some  parts,  great  interest  was 
excited  respecting  the  possibility  of  the  £chini  being  able  to  afford 
satisfactory  evidence  regarding  the  geological  age  of  the  strata  in 
relation  to  the  European  types.  It  was  hoped  that  the  fossils  of  this 
great  group  would  present  some  of  the  anomalies  whicli  characterize 
almost  every  class  of  organism  found  in  the  great  distributional 
province ;  and  it  was  thought  to  be  probable  that  relics  of  very 
ancient  forms  would  be  discovered.  But  the  number  of  species  of 
Echini  which  were  found  in  the  marine  deposits  beneath  the  older 
basalt  was  small;  and  at  the  commencement  of  their  study  the 
amount  of  knowledge  of  the  living  Echinodermal  fauna  of  the 
coasts  and  neighbouring  seas  was  not  great;  consequently  disap- 
pointment ensued.  Year  by  year  more  specimens  of  the  fossil 
Echini  have  been  discovered,  and  careful  collecting  has  produced 
many  with  their  ornamentation  wonderfully  preserved ;  and,  con- 
temporaneously, the  labours  of  Gray,  Agassiz,  and  others,  increased 
our  knowledge  of  the  recent  Australian  fauna. 

Of  necessity,  therefore,  the  literature  of  the  fossil  Echini  of 
AustraUa  is  scanty ;  and  those  pakeontologists  who  have  contributed 
to  it  have  only  paid  attention  to  the  relation  of  the  forms  to  those 
of  other  geological  ages,  and  neglected  to  consider  the  affinities  with 
the  existing  fauna. 

The  principal  contribution  to  the  Echini  of  the  Australian  Ter- 
tiaries  is  that  of  Laube, ''  Ueber  einige  fossile  Echiniden  von  den 
Murray  difEs  in  Siid-Australien,''  in  the  *  Sitzungsberichte  der  ma- 
thematisch-naturwissensohafblichen  Classe  der  kaiserlichen  Akademie 
der  Wissenschaften  zu  Wien,'  1869,  p.  183.  He  described  several 
species  new  to  science,  and  established  two  new  genera.  The  species 
noticed  were  Psammechinus  Woodsi^  Catopygus  elegans,  EcMno- 
lampas  ovtdum^  MierasUr  brevisttUa^  Eupatagus  Wrighti,  E.  tnurray- 
ensit  and  Hemipatagus  Mrhesi ;  and  the  new  genera  were  Para* 
doxeehmui^  species  P.  novus^  and  Monostyehia^  species  M,  austnUis. 
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Before  Lanbe  wrote,  the  Bev.  Julian  Woods*  had  noticed  the 
Hem^tagus  as  a  Spatangfusi  and  I  had  described  it,  calling  it 
Hemipatagu*  Forhesi  f.  Woods  and  Duncan.  Two  or  three  oUier 
Echinida  were  also  noticed  by  Mr.  Woods  and  myself. 

In  August  1875 1  Mr.  B.  Etheridge,  jun.,  F.G.S.,  described  a 
wpedes  of  Ifemipatagus  from  the  Tertiaries  of  Victoria,  and  gave  a 
history  of  the  work  done  by  his  predecessors,  and  abo  a  most 
interesting  essay,  to  which  was  added  a  list  of  species. 

Whilst  these  years  were  elapsing,  progress  was  made  in  the 
Geological  Survey  of  South  Australia  and  Victoria ;  and  Daintree, 
Etheridge,  Aplin,  UMch, Wilkinson  §,  and  others  under  Selwyn,  and, 
independe^Uy  of  all,  Mr.  Woods,  described  and  mapped  the  Tertiary 
deposits.  The  general  relations  of  the  Mount-Gambier,  Glenelg, 
Muxraj,  Hamilton,  Muddy-Creek,  Oape-Otway,  and  Port^-PhiUipV 
Bay  (Mordialloc)  Tertiaries  were  thus  determined,  and  their  fossib 
were  oollected. 

In  1864  and  1865  ||  I  described  several  species  of  Madreporaria 
from  the  Tertiaries ;  and  in  1870,  after  having  had  the  details  of  the 
Cape-Otway  section  sent  to  me,  and  a  very  large  collection  of  corals 
also,  by  Mr.  Selwyn,  I  communicated  an  essay  to  this  Society  on  the 
Madreporaria  of  tilie  A^ustralian  Tertiary  deposits  ^.  The  geology  of 
the  Tertiaries  was  given  in  that  paper,  and  their  local  and  general 
eozrelation  also.  The  recent  Australian  fauna  of  Echinoderms  had 
ht&i  gradually  described ;  and  collections  had  been  made  contempo- 
raneously with  the  geological  researches,  so  that  the  great  difficul- 
ties in  the  path  of  the  student  of  i^e  Echini  were  removed  ** ; 
moreover  the  position  of  the  fossil  specimens  was  decided,  and  they 
ean  now  be  compared  with  the  recent  types. 

For  several  years  I  have  been  receiving  a  few  specimens  of  Echinida 
from  different  Australian  Tertiary  deposits ;  and  lately  a  large  num- 
ber have  been  examined  by  me  horn  the  collection  of  the  Geological 
Society,  the  British  Museum,  and  from  that  of  H.  M.  Jenkins, 
Esq.,  F.G.S.,  most  of  the  fossils  of  the  last  named  having  been  collected 
widi  great  care.  The  number  of  species  is  not  great;  but  it  is 
sufficient  to  stamp  the  fauna  with  a  very  peculiar  facies,  and  to 
indicate  Uiat  the  particular  characteristic  of  the  existing  fauna  was 
not  present  in  the  past,  that  the  facies  is  older  than  that  of  most 
d^iosits  of  simOar  age,  and  that  a  part  of  it  is  decidedly  modem  in 
^ypeaiance,  there  b^ng  but  slight  differences  between  the  ancient 
mod  a  part  of  the  existing  fauna. 

As  the  details  of  the  sections  whence  the  fossils  now  described 
,  and  which  have  yielded  most  of  those  determined  by  Woods, 


*  Geological  Obterrations  in  South  AnBtralis.    1882. 

IijuL  and  Mag.  of  Nat  Hist  (1864),  ser.  3,  toL  ut.  p.  165. 
Quart  Jonm.  GeoL  Soc  toL  xzxi.  p.  444. 
BeporU  of  Geological  Sorre  j  of  Victoria. 
Ann.  and  Mag.  m  Nat.  Hist  ser.  8»  vols.  zIt.  and  xri. 
Quaji.  Jonm.  G^l.  Soc  toI.  xzri.  p.  284. 
Gray.  'OM.EdiimBrit  Mus.;' A.igaMis,*Berision  of  the  Echini/  1872- 
W4. 
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Laabe,  and  Etheridge,  were  described  in  the  essay  on  the  fossil 
Madreporaria,  it  is  not  necessary  to  refer  to  them  again. 

Nor  do  I  refer  to  the  New-Zealand  strata  which  have  yielded 
Echini,  as  they  will  probably  form  the  subject  of  a  future  oommoni- 
cation.  I  have,  however,  noticed  all  the  species  of  Echini  hitherto 
described ;  and  I  have  carefuUy  compared  all  the  fossil  species  not 
only  with  their  geological,  but  also  with  their  recent  representatives 
and  allies. 

In  doing  this  it  has  been  necessary  to  absorb  some  genera,  and 
to  consider  some  species  as  varieties;  and  this  proceeding  has  been 
forced  upon  me  principally  by  the  insight  I  have  obtained  into  the 
variability  of  the  recent  Echini.  Alexander  Agaasig  has  placed  me 
under  great  obligations  by  the  gift  of  his  magnificent  works  on  the 
revision  of  the  Echini ;  and  I  have  been  able  to  determine  some 
difficult  points  by  the  study  of  Loven's  *  Etudes  sur  les  Echinoi'ddes,' 
and  especially  those  relating  to  the  Htmipaiagi  now  included  in  the 
genus  Lovenia, 

n.  lAti  of  Species  of  the  Australian  Cainosoie  Deposits. 

1.  Leioeidarts'australuBy  sp.  nov.    Gape  Otway. 

2.  Psammeehinus  Woodsi,  Lanbe.   Murray  01^. 

3.  Paradoxeehinus  novuSy  Laube.   Murray  ClifEs. 

4.  Temnechinus  lineattis^  sp.  nov.    Mordialloc. 

5.  BkhinarUhus  testudinarius,  Gray.  lindenow,  Mitchell  Eiver. 

6.  Echinarcuihnius  parma^  Gray.    Cape  Otway,  Cardies  Biver. 

7.  Arachnoides  Loveni,  sp.  nov.    Mordialloc. 

8.  „  ehngcUus^  sp.  nov.    Mount  Gambier. 

9.  „  australis,  Laube,  sp.   Murray  Cliffs. 
(Syn.  Monostychia  ctustraliSf  Laube.) 

10.  E^inolampas  ovulum,  Laube.    Murray  Cliffs. 

11.  Rkynchopygus  dysasteroides^  sp.  nov.    Cape  Otway. 

12.  Eehinobrissus  australicSy  sp.  nov.   Cape  Otway. 

13.  Pygorhynchus  Vassaliy  Wright.  East  of  Glenelg  Paver. 

14.  CcUopygus  elegans,  Laube.  Murray  Cli£b. 
16.  Holaster  austrdlis,  sp.  nov.  Cape  Otway. 

16.  Maretia  anomaUiy  sp.  nov.    Mouth  of  Sherbrook  Biver. 

17.  Eupatagus  rotundas,  sp.  nov.   Murray  Tertiaries. 

18.  „       Lauhei,  sp.  nov.    Mouth  of  Sherbrook  Biver. 

19.  „        murrayensis,  Laube.  Murray  Clifb. 

20.  „        Wrighti,  Laube.   Murray  Cliffs. 

21.  Lovenia  Forbesi,  Woods  and  Duncan,  sp.  Mount  Gambier, 

Mordialloc,  &o. 

(Syn.  Hemipatagus  Forbesi,  Woods  and  Duncan.) 

„  „  var.  minor^  nov.    Mordialloc 

Lovenia  Fotiesi,  YBT.Woodsi,  Etheridge.  Mordialloc. 

(Syn.  Hemipatagus  Woodsi.) 

22.  SMzaster  ventricosus,  Gray.   Adelaide. 

23.  Mieraster  brevistellaj  Laube.    Banks  of  the  Murray. 

24.  Megalaster  compressa.    Banks  of  the  Murray. 
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Many  spineB  of  Echini  hare  been  found  in  the  Cape-Otway  and 
Sdmapper-Pomt  deposits ;  they  appear  to  have  belonged  to  species 
of  the  genus  Gtmiocidaris,  and  possibly  of  PhyUacanthu$  and  St&- 
fhoMceidarii, 

NoU, — I  have  not  included  those  forms  which,  although  "  named  ** 
by  Pn^essor  McCoy,  have  not  been  described  or  figured  by  him,  as 
it  is  not  permitted  by  the  common  consent  of  palseontologists. 


m.  DeBcription  of  the  new  Species. 
DESMOOTICHA. 

Family  dDAEID^. 
Subfamily  GoKiociDABiDiBy  Hackel. 
Genus  Lsioczdabib,  Desor. 
LnociDABiB  AirsTRAijJs,  sp.  uov.    Plate  III.  figs.  1  &  2. 

The  test  is  greatly  and  suddenly  depressed  towards  the  actino'- 
same.  The  ambulacra  are  slightly  wavy,  narrow,  and  have  four 
vertical  rows  of  small  miliary  tubercles,  the  inner  rows  having  the 
smallest  tubercles ;  and  the  poriferous  zones  are  sunken,  the  pores 
being  conjugate,  and  each  pair  separated  from  its  neighbours  by 
a  distinct  ridge. 

Hie  interambulacral  tubercles  are  few  in  number,  and  most  are 
very  large ;  the  perforate  mamelon  is  small  in  relation  to  the  plain, 
large,  conical  and  well-developed  boss.  The  scrobicule  is  deeply 
sunken,  elliptdcal,  and  is  overhung  by  the  scrobicular  circle  which 
slopes  down  to  the  suture,  being  ornamented  by  radiating  rows  of 
two  or  three  very  small  tuberdes.  The  median  interambulacral 
qnoe  is  sunken,  and  the  vertical  sutures  of  the  plates  are  distinctly 
marked  by  a  lower  space,  which  is  in  a  zigzag  from  above  down- 
wards, llie  upper  large  tubercles  have  a  smdler  scrobicular  area 
tiian  those  in  the  middle  of  the  test ;  and  the  tubercles  diminish 
rapidly  in  size  towards  the  actinosome. 

Locality. — Cape  Otway,  No.  6  Section. 

The  generic  diagnosis  of  Dcrocidaris^  to  which  genus  the  species 
has  very  great  afi^ties,  is  given  in  A.  Agassiz's  *  Bevision  of  the 
Echini,'  pt.  L  p.  254,  and  concludes  with  tikie  determination,  **  Pori- 
ferous zone  narrow,  undulating,  with  disconnected  pores."  The 
pores  in  the  species  now  under  consideration  are  certainly  conju- 
gate ;  and  in  tlus  they  resemble  Desor's  genus  Leiocidaris.  Evidently 
these  two  genera  are  doubtful  subgenera  of  Cidaris;  but  there  are 
reasons  for  adoptii^  them  provisionally. 

The  resemblance  of  the  portion  of  the  test  preserved  in  the  soft 
sandstone  to  a  corresponding  part  of  the  very  variable  Doroddaris 
pajnOata  of  the  Atlantic,  Florida  sea,  and  the  Mediterranean  is  very 
remarkable ;  but  the  fossil  form  evidently  comes  under  the  genus 
LeioeidtariSy  DeeoT. 
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Family  ECHINED-S. 
Subfamily  Tbxkoplbubidjs,  Desor, 

TsicRECHnnTS  uinsATUB,  sp.  noT.    Plate  III.  figs.  3-5. 

The  test  is  small,  depressed,  rather  pentagonal  in  outline,  and  the 
ambitus  is  rounded.    The  aotinal  surface  is  ^ghtly  rounded  from 
the  ambitus  to  the  mouth,  but  on  the  whole  is  flat.    The  inter- 
ambulacra  are  twice  the  width  of  the  ambulacra  at  the  ambitus,  and 
about  one  third  broader  at  the  actinosome.    The  pores  are  in  a  ver- 
tical row  and  slightly  oblique,  and  their  zones  are  Bonken.   The  inter- 
ambulacra  have  two  ro^v^  of  primary  tubercles,  which  are  small  and 
imperforate.    Each  row  is  separated  externally  by  a  crowd  of  closely 
placed  secondaries  from  the  poriferous  zone,  and  by  a  much  wider  space 
from  the  other  row.    This  space  is  marked  by  ridges  which  radiate 
from  the  top  and  base  of  the  primaries,  and  which  have  secondary  tu- 
bercles upon  them  and  between  them.  The  ridges  run  parallel  courses 
between  the  distant  primaries,  and  are  narrow,  but  support  from 
four  to  six  secondaries.    There  are  short  ridges  between   the  pri- 
mary tubercles  in  each  vertical  series,  which  also  carry  one  or 
more  secondaries.     Transverse  and  elongated  spaces  exist  on  one 
side  of  the  primary  tubercles  at  the  ambitus  and  elsewhere  where 
this  ornamentation  is  not  seen.    The  primaries  of  the  ambulacra  are 
in  two  vertical  rows,  each  being  close  to  its  poriferous  zone.     Their 
ornamentation  by  ridges  and  secondaries  is  the  same  as  that  of  the 
interambulacra ;  but  the  ridges  which  pass  off  towards  the  poriferous 
zone,  cross  it  and  separate  the  pores  in  vertical  series.    All  this  orna- 
mentation is  exsert    and  the  plain  surface  of  the  test  may  be  seen 
between  the  ridges.   Around  the  base  of  the  boss  of  the  large  tuber- 
cles the  ridges  often  close  in  and  produce  a  crenulated  appearance. 

Height  of  test  ^  inch,  breadth  -j^^  inch. 

Locality, — Mordialloc,  No.  1. 

In  classifying  this  species  in  the  genus  Temmckimu,  I  have  been 
led  by  A.  AjEtassiz,  in  his  admirable  criticism  on  this  group  of  the 
Temnopleuridae  (op.  cit.  p.  286).  He  mentions  that  D'Archiac  and 
Haime  have  figured  from  the  Nummulitic  formation  oi  India  a 
number  of  species  which  are  usually  referred  either  to  Temnopleurtu 
or  to  Opechinus,  but  which  belong  to  this  same  genus  Temruchinut. 
Probably  Paradoxechinus  novus^  Laube,  is  one  of  these,  and  has 
had  its  ornamentation  irr^^arly  distributed. 

Suborder  CLYPEASTRIDiE. 
Family  EUCLYPEASTEIDiE. 

EcHiNAirTHUs  TESTUDnrABius,  Gray. 

A  large  Echinoderm  from  the  Mitchell-Kiver  Tertiaries,  in  Eastern 
Victoria,  so  closely  resembles  the  modem  form  from  Brisbane, 
Japan,  the  Sandwich  Islands,  and  California,  which  has  been  termed 
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by  some  authors  EMnanikus  iestudinariuSy  and  by  others  ClypeaHer 
tdUudinarius^  that  there  can  be  no  hesitation  in  identifying  this  fossil 
wi^  that  species.  Except  in  some  slight  points  in  which  there  is 
great  indiTidual  variation  in  the  recent  forms,  the  fossil  agrees  with 
those  which  Gray  called  Echinanthua  Ustudinaritu  and  E.  auttralice^ 
the  latter  of  which  has  been  absorbed  by  the  former  *. 

The  species  is  interesting  from  its  dose  resemblance  to  a  CUfpeaOer ; 
bat  it  has  no  pores  close  to  the  sutures  of  the  plates  within  the 
ambulacra  on  the  actinal  surface. 

Locality. — ^Lindenow,  Mitchell  Eiver,  Eastern  Yictoria. 


Family  SCUTELLTD-^. 

Arachttoidbs  Loyeki,  sp.  noY.    Plate  III.  figs.  6  <fe  7. 

The  test  is  roundish,  subpentagonal,  flat,  rising  slightly  towards 
tile  apical  disk,  and  slightly  concave  on  the  actinal  suiface.  It  has 
the  same  longitudinal  and  transverse  diameter.  The  apical  disk  is 
slightly  in  front  of  the  centre. 

The  ambitus  is  sharp,  and  is  incised  at  the  end  of  each  ambu- 
lacral  groove ;  and  there  is  a  rounded  exeinon  at  the  periproct,  which 
is  joat  under  the  mai^gin.  The  ambulacra  are  grooved  longitudinally, 
and  swell  up  on  either  side ;  and  they  occupy  about  an  equal  space 
with  the  interambulacra,  where  they  are  comparable.  The  poriferous 
sones  reach  about  halfway  to  the  ambitus,  and  are  broad  and  turn 
in  slightly.  The  ornamentation  in  the  ambulacral  spaces  is  oblique 
and  banded,  but  it  is  without  any  order  on  the  interambulacra. 

On  the  actinal  surface  this  oblique  ornamentation  is  seen  on 
either  side  of  the  ambulacral  groove ;  and  this  groove  enlarges  near 
fhe  peristome,  which  is  subdrcular.  Traces  of  spheeridia  on  one  side 
of  the  groove  are  observed. 

Length  of  large  specimen  2^^  inch ;  breadth  2^  inch. 
LoeaUty. — ^Mordialloc,  Section  2.  No.  1  and  No.  3,  and  from  soft 
yellowish  white  limestone  at  the  mouth  of  Curdles  Kiver,  about 
30  miles  east  of  Warumbool,  which  is  in  the  upper  part  of  a  series 
underlain  unconformably  by  Miocene  calcareous  clays. 

This  species,  eminently  Arachnoidean,  has,  however,  more  de- 
fined excisions  on  the  ambulacra  at  the  ambitus  than  either  of  the 
living  forms,  A.  placenta,  Linn.,  and  A.  ulandicB^  Gray — the  one  from 
the  whole  eastern  coast  of  Australia,  and  the  other  from  New 
Zealand.  The  situation  of  the  periproct  is  variable  in  the  genus 
Aracknoides,  and  is  not  invariably  supramarginal.  It  may  be  marginal 
and  slightly  sub-  or  inframarginal ;  and  this  last  appears  to  be 
characteristic  of  the  fossil  forms.  The  resemblance  between  the 
ornamentation,  the  sphaeridia,  the  actinal  grooves,  and  the  petals  of 
the  andent  and  modem  forms  is  very  remarkable, 

*  Gray,  Proo.  ZooL  8oc  Lond.  1861,  p.  35;  A.  Agsans,  Kor.  Bchin.  pt.  iii. 
p.  514. 
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AxiLcmroiBBS  australib,  Laabe^  sp.  * 

Syn.  Mono9tyehia  australis^  Laube;  Clypeaster  folium^  Duuc.  nee 
Agass. ;  Clyptasier^  sp.,  Woods. 

LaubOy  in  his  interesting  paper  on  the  fossil  Echinoderms  of 
the  Morray  Cliffs  in  South  Australia  (op.  dt,  p.  188),  cridoises 
Woods,  who  termed  a  flat  pentagonal  fossil  Clypeaster.  This  form 
was  seen  by  myself;  and  from  its  imperfect  condition  I  was  led  to 
believe  that  it  was  really  a  species  common  to  Malta  and  some 
other  European  Miocene  localities.  Mr.  Etheridge,  after  examining^ 
the  specimen,  concluded  that  Laube  was  correct  in  his  criticism  ; 
for  he  determined  that  the  form  was  not  a  Clypeaster^  but  a  species  of 
a  new  genus,  Monostychia,  Laube. 

After  carefully  examining  all  the  specimens  I  have  been  able  to 
obtain  of  this  Clypeaster  of  Woods,  and  after  carefully  investigating^ 
the  value  of  the  genus  MonostycJiia  in  relation  to  Laganum  and 
Arachnoxdes  in  the  Scutellidae,  I  have  now  come  to  tiie  conclu- 
sion that  they  are  not  Clypeastroids,  and  that  the  proposed  genus 
is  too  closely  allied  to  Arachnoides  to  be  separated  from  it.  Laube 
distinguishes  Arachnoides  from  his  genus  because  the  first  has  five, 
and  the  latter  only  four  genital  pores ;  but  this  is  an  error ;  and  he 
makes  the  position  of  the  periproct  of  generic  importance  in  spite  of 
all  the  other  great  resemblances,  this  being  an  insufficient  generic 
differentiation. 

I  have  therefore  placed  the  Clypeaster  of  Woods  and  myself,  the 
Monostychia  australia  of  Laube,  in  the  genus  Arachnoides, 

ABAomroiDBB  ELOKOATUS,  sp.  uov,     Plate  m.  fig.  8. 

This  common  fossil  species  belongs  to  the  group  which  Lanbe 
would  place  amongst  his  Monostychioe^  but  which,  I  think,  fairly 
comes  within  the  genus  Arachnoides.  The  test  is  longer  than 
broad,  and  is  pentagonal,  incised  at  the  ambitus  at  the  posterior 
ambulacra  and  periproct,  and  faintly  so  at  the  ambitus  of  the  other 
ambulacra.  The  apical  system  is  central.  The  test  slopes  very 
gradually  upwards  from  the  ambitus  for  a  little  distance,  and  then 
suddenly  forms  a  sharp  curve,  whose  sides  are  marked  by  the  ambu- 
lacra and  interambulacral  spaces.  The  generative  system  and  the 
madreporif orm  body  are  at  the  apex  of  a  blunt  surface.  Each  ambu- 
lacrum is  divided  by  a  longitudinal  groove,  that  of  the  anterior  odd 
one  being  the  least  developed ;  and  the  ambulacral  areas  are  rounded 
and  rise  above  the  interradial  spaces.  The  ambulacra  are  wide ;  and 
the  poriferous  zones  form  a  curve  on  either  side  and  externally, 
but  their  inner  edge  is  straight  The  madreporiform  body  is  large ; 
the  genital  pores  are  large,  and  four  in  number;  the  edge  of  the 
ambitus  is  rather  blunt ;  and  the  actinal  surface  is  nearly  flsi,  except 
near  the  peristome,  where  it  suddenly  sinks. 

The  periproct  is  just  under  the  margin. 

*  This  species  is  described  in  Laube's  essay  on  the  Fossil  Echinida  from 
the  Murray  Oliift  in  the  Sits ungsberiohte  der  kaiserliohen  Akademie .  der  Wis- 
senscfaaften,  1869,  p.  190. 
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Len^  l^inchy  breadth  l^inch,  height -j^  inch. 

LooaKty.— Houni-GainbieT  liimestone. 

The  smiJleT  specimeiis  are  flatter ;  in  one  the  periproct  is  mar- 
fjaal^  and  in  another  snpramaiginal;  their  amhitus  is  hlunter  than 
tint  of  the  large  specimens. 

PETALOSnCHA. 
Family  KUCLEOLIDM. 
RHTircHOPTetm  dtbasteroisbs,  sp.  noT.     Plate  IIL  figs.  9  &  10. 

The  ontHne  of  the  amhitos  from  the  actinal  surface  is  oToid,  heing 
loiuided  and  broad  anteriorly  and  narrower  and  slightly  pointed 
posteriorly.  This  outline  is  less  evident  from  the  abactinal  surface 
on  account  of  the  keel  which  passes  from  the  vertex  posteriorly,  and 
of  the  sli^t  roundness  of  the  test  on  either  side  of  it  near  the  am- 
bitus. The  test  is  thick  in  substance,  and  in  general  shape  is 
rather  depressed,  but  convex  above  and  concave  below.  It  is 
arched  from  the  front  to  behind  the  apical  system,  which  is  slightly 
eccentric  to  the  front,  but  is  slightly  flattened  anteriorly,  and  to  a 
oertaiu  extent  laterally  above  ^e  ambitus.  The  arched  shape  is 
not  so  decided  posteriorly,  where,  near  the  vertex,  the  keel  starts  ob- 
liquely backwards  and  downwards  to  overhang,  at  about  one  fourth 
of  the  height,  the  small  transverse  periproct,  which  has  a  flat  and 
shallow  groove.  The  greatest  width  is  just  behind  the  antero-lateral 
ambulacra ;  and  the  mouth  and  apical  system  nearly  correspond,  the 
fiiat  being  ali^tly  more  anterior  than  ihe  other. 

The  apical  system  is  elongate;  and  the  anterior  and  posterior 
pain  of  generative  pores  are  wide  apart,  the  ocular  plates  of  the 
antero-li^eral  ambulacra  coming  well  in  between  them  (PI.  m. 
fig.  10).  Hence  the  posterior ;  lateral  ambulacra  are  more  distant 
than  is  usual  in  the  CassidulidsB.  The  anterior  generative  pores  are 
large,  closer  together  than  the  posterior;  and  the  madreporiform 
body  is  small,  convex,  and  reaches  just  in  front  of  the  right  ocular 
foramen.  The  posterior  pairs  of  generative  pores  are  wider  apart 
and  sHghtly  smaller  than  the  anterior,  and  are  posterior  (by  the 
length  of  their  own  distance  apart)  to  the  ocular  foramina  of  the 
antero-lateral  ambulacra.  The  rectangular  space  between  the  an- 
terior and  posterior  generative  pores  \a  slightly  depressed,  the 
madreporic  body  forming  however  an  elevation  in  it.  This  space 
is  oovmd  with  miliaries  and  a  few  small  tubercles. 

The  ambulacra  are  long  and  narrow,  being,  with  the  exception  of 
the  anterior,  which  is  slightly  in  a  groove,  flush  with  the  test.  The 
pori^NTOiiB  zones  are  lower,  and  are  continued  to  the  ambitus,  the 
distance  between  the  pairs  of  pores  gradually  increasing  near  the 
edge. 

The  poriferous  zones  are  narrow,  and  not  so  wide  as  the  inter- 

poriferous ;  and  the  pores  of  the  inner  rows  are  round  and  smaller 

than  the  oval  and  more  or  less  elongate  kinds  of  the  outer  rows. 

Thej  are  conjugate.    The  pores  of  the  odd  anterior  ambulacrum  are 

Q.J.G.S.  No.  129.  B 
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less  developed  than  the  others ;  and  those  of  the  inner  or  posterior 
zones  of  the  lateral  posterior  amhulacra  are  few  in  number  towards 
the  ambitus,  to  which,  however,  they  extend.  The  ocular  pores 
are  well  developed,  and  a  miliary  granulation  covers  the  test  between 
all  the  pores  and  the  interporiferous  areas,  a  few  scattered  tertiaiy 
tubercles  being  there  also.  The  tuberculation  is  small,  and  tubercles 
of  the  third  order  are  the  largest  on  the  upper  surface.  They 
increase  in  number  towards  the  ambitus,  and  are  surrounded  by  a 
sunken  scrobicule  surrounded  by  miliaries.  The  keel  is  distinct, 
slightly  angular,  and  reaches  backwards  so  as  nearly  to  overhang  the 
ambitus. 

The  concave  actinal  surface  has  a  large  sunken  mouth,  a  plain 
band  reaching  from  it  posteriorly,  and  a  distinct  tuberculation  at 
the  edge  of  the  test. 

Length  of  specimen  1-^  inch,  breadth  1-j^,  height  -j^. 

Locality, — No.  6  Upper  Coralline  Beds,  Castle  Cove,  near  Cape 
Otway. 

The  resemblance  of  this  species  to  Rhynchopygtts  padficus^  Ag. 
(Eev.  Ech.  Part  i.  p.  153  and  Part  iii.  p.  554),  is  very  decided  in 
some  points ;  but  it  differs  from  it  and  from  the  species  from  the 
Caribbean  Sea  by  having  an  elongated  apical  system,  and  in  the 
separated  apical  ends  of  the  lateral  and  posterior  pairs  of  ambulacra. 
This  Dysasterian  peculiarity  resembles  that  of  Hyhoclypux,  which 
may  be  said  to  be  a  Oalerites  with  an  elongated  apical  system,  thus 
uniting  this  last  genus  to  Ananchytes.  The  Australian  Lower 
Cainozoic  Rhynchopygus  is  unlike  all  the  other  species  of  the  genus 
in  this  special  peculiarity.  The  genus  is  represented  in  the 
Gault,  in  the  uppermost  Cretaceous  rocks,  and  in  the  Tertiary  tuff  of 
Guadeloupe ;  and  the  recent  forms  are  from  the  Caribbean  and  the 
Pacific  coast  of  America.  Were  it  not  for  the  strong  generic 
resemblance  of  the  new  species,  the  nature  of  the  curious  and 
suggestive  apical  system  might  determine  the  formation  of  a  new 
genus ;  but  it  is  perhaps  most  advisable  to  retain  the  form  where 
it  is  placed,  so  as  to  make  it  a  passage  species  from  one  great  group 
to  another. 

Genus  Echinobmssts,  Breyn,  1732. 

NvdeoUteSy  Lamk.  (part.) . 

EcHraoBRissiTS  ATTSTBALiJE,  sp.  nov.    Plate  III.  fig.  11. 

The  test  is  depressed  and  stout,  and  the  outline  of  the  ambitus  is 
elliptical.  Seen  from  above  the  posterior  end  is  slightly  produeed,  and 
the  anterior  is  rounded.  The  vertex  is  central,  and  the  apical  system 
is  anterior  to  it.  The  petals  are  lanceolate  and  narrow ;  the  anterior 
extend  rather  more  than  halfway  down  the  test;  the  posterior 
are  about  the  same  length ;  and  all  are  open.  The  poriferous  zones 
are  of  uniform  breadth ;  and  the  interporiferous  space  is  nearly  of 
the  breadth  of  one  of  the  zones  :  it  is  very  slightly  raised  so  as  to 
prevent  the  ambulacra  being  flush  with  the  test.  The  pores  are 
Bubequal ;  those  of  the  inner  row  are  round,  whilst  those  of  the 
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outer  are  oral  in  outline ;  some  are  faintly  conjugate,  and  oiiiers 
not  so :  the  extension  of  the  outer  rows  of  pores  beyond  the  petals 
and  towards  the  ambitus  is  scanty.  The  anid  farrow  reaches  nearly 
to  the  Tertex ;  and  the  opening  is  triangular  in  outline,  the  upper 
an^  b^ng  slightly  rounded,  whilst  the  base  is  below  the  leyel 
of  the  ambitus,  with  which  it  does  not  interfere.  The  ambitus  is 
rounded,  and  the  actinal  surface  is  concave  from  side  to  side,  and 
from  before  backwards,  the  slope  being  towards  the  actinosome, 
which  is  small,  eccentric  in  front,  transverse  and  elliptical  in  out- 
line, the  posterior  lip  being  rather  straight  and  on  a  level  with  the 
anterior.  The  flosi^es  are  small.  The  tuberculation  is  small 
everywhere,  and  smallest  in  the  anal  groove. 

Height  of  specimen  -|^  inch,  length  -}4  inch,  breadth  -j^  inch. 

Locality, — No.  6,  Upper  Coralline  Beds,  Cape  Otway. 

PreoRUTXCHUs  Vassau,  Wright. 

A  very  perfect  small  specimen  was  found  east  of  the  Glenelg 
river,  in  a  matrix  of  white  limestone  crowded  with  Polyzoa.  It 
resembles  in  its  shape  and  details  that  figured  by  Dr.  Wright, 
F.G.S.,  &c.  in  Quart.  Joum.  Geol.  Soc.  vol.  xx.  pi.  xxii.  fig.  6 ; 
and  he  considers  the  Maltese  fonn  there  delineated  to  belong  to  the 
genus  Pygorhynchus,  In  the  Australian  and  also  in  the  Maltese 
specimen  the  periproct  is  longitudinal,  and  there  is  no  fioscelle; 
so  that  both  are  sufficiently  anomalous  members  of  the  genus, 
^me  remarks  on  the  species  and  its  allies  are  made  further  on. 

Locality. — East  of  the  Glenelg  river. 

CATOFTexrs  sleoaits,  Laube,  op,  cU,  fig.  7,  and  p.  190. 

This  species  has  a  pentagonal  peristome,  a  well-developed  fios- 
celle, and  a  kind  of  plastron.  It  is  concave  inferiorly,  and  this  is 
rather  anomalous. 

Xoaz{t<y.— The  Banks  of  the  Murray.  \ 

Family  SPATANGD)^. 

HoLASTCR  ArsTBAiLS,  sp.  uov.     Plate  m.  figs.  12  &  18. 

The  test  is  ovoid  in  outline  when  seen  from  above,  and  is  sh'ghtly 
grooved  in  front,  and  pointed  and  truncated  posteriorly.  It  is 
rounded  at  the  ambitus  and  over  the  apical  part ;  but  owing  to  there 
being  a  keel  between  the  actinosome  and  the  posterior  end,  the 
greatest  height  is  behind  the  apical  system.  The  test  is  thick,  and 
only  marked  above  by  one  depression,  for  the  anterior  odd  ambula- 
crnm.  The  apical  system  (PL  III.  ^%,  13)  is  long  and  central,  the 
tntero-lateral  ambulacra  being  widely  separate,  fiush  with  the  test, 
JoDg  and  open,  and  widely  separated  from  the  posterior  ambulacra. 
The  generative  pores  are  four  in  number,  and  the  posterior  pair 
%re  separated  from  the  anterior  by  the  ocular  plates  of  the  antero- 
lateral ambulacra ;  on  the  other  hand  the  ocular  plates  of  the  pos- 
tenor  ambulacra  are  posterior  to  those  pierced  by  the  posterior 

k2 
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generatiTe  pores.  The  anterior  ambulacmm  is  in  a  shallow  groove, 
and  its  small  pores,  rather  crowded  above,  become  more  distant  and 
larger  towards  the  ambitus ;  they  are  oblique  in  direction,  round,  and 
nearly  equal,  in  pairs,  being  separated  by  a  very  delicate  septum. 

The  pores  of  the  antoro-lateral  ambulacra  are  small,  eqnal, 
round,  and  wider  apart  and  larger  towards  the  ambitus,  where  the 
zones  are  wide  apart.  The  posterior  pair  of  ambulacra  are  rather 
close  together,  and  the  pores  resemble  those  of  the  others.  The 
periproct  is  small  and  situated  in  the  truncated  posterior  part.  The 
actinosome  is  at  the  anterior  third;  it  is  sunken,  transverse,  and 
the  posterior  lip  passes  into  a  prominent  keel-like  plastron.  The 
ornamentation  is  very  simple :  there  are  no  large  or  even  secondary 
tubercles ;  but  small  tertiaries  and  miliaries  exist,  generally  scattered. 

Length  1^  inch,  greatest  breadth  a  line  or  two  less ;  height  in 
front  -X  and  behind  -^  inch. 

Loccuity, — No.  5,  Upper  Coralline  Beds,  Castle  Cove,  Cape  Otway. 

Maretia  anomala,  sp.  nov.     Plate  IV.  figs.  1-4. 

The  test  is  thin,  depressed,  and  the  outline  from  above  is  irregu- 
larly oval  and  rounded  anteriorly.  There  is  a  slight  indentation  at 
the  ambitus,  made  by  the  shallow  anterior  groove ;  and  the  shape  is 
rather  angular  posteriorly  in  the  anal  region,  and  broadest  midway. 
The  sides  of  the  test  are  sharply  rounded,  slightly  angular.  The 
abactinal  surface  is  highest  posteriorly  on  account  of  the  anal  keel, 
which,  being  produced  backwards,  is  also  sloped  and  depressed  ante- 
riorly between  the  posterior  petals.  The  apical  system  is  small,  and 
the  four  large  genital  openings  are  close  to  each  other  (PI.  IV.  fig.  1), 
the  madreporiform  body  passing  backwards ;  it  is  in  advance  of  the 
centre  and  anterior  to  the  depression  already  noticed.  The  anterior 
and  shortest  petaloid  ambulacra  are  lanceolate,  and  are  almost 
transverse.  The  poriferous  zones  slope  up  to  raised,  broad  inter- 
poriferous  zones ;  and  the  external  rows  of  pores  are  the  largest, 
and  usually  more  oval  than  round.  The  posterior  rows  are  better- 
developed  than  the  anterior,  which  are  imperfect  near  the  apical 
system.    About  21  rows  of  pores  exist,  aU  of  which  are  conjugate. 

The  posterior  ambulacra  are  long,  broad,  fiush,  and  wider 
posteriorly  than  anteriorly;  they  are  nearly  parallel  with  each 
other,  and  bound  the  keel  on  either  side.  The  external  pori- 
ferous zones  are  curved ;  the  internal  are  much  less  so ;  and  the 
interporiferous  zones  are  much  brooder  than  those  of  the  antero- 
lateral petals,  and  there  are  traces  of  two  or  three  large  secondary 
tubercles  within  their  area.  The  odd  anterior  ambulacrum  is  nearly 
flush  with  the  test,  except  at  the  ambitus,  where  there  is  a  slight  de- 
pression ;  its  pores  are  numerous  near  the  apical  system,  and  are 
very  small ;  elsewhere  they  are  very  rare.  This  ambulacrum  is  bounded 
externally  by  plates  rather  raised  above  the  general  level ;  they  are 
tuberculate  with  large  crenulate  and  perforate  miliaries,  and  they 
separate  it  from  the  plates  with  the  large  tubercles  of  the  anterior 
interambulacra.  The  anterior  interambidacra  have  several  horizontal 
TOWS  of  large  and  of  secondary  tubercles  mixed  and  increasing  in 
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number  towards  the  ambitus.  The  larger  tubercles  have  a  swollen 
aerobicule,  a  crenulated  boss,  and  a  small  perforated  mamelon,  and 
the  upper  extremity  of  the  boss  has  its  crenulation  projecting  up* 
wards  and  outwards  like  a  frill  (PL  lY.  figs.  3  &  4).  The  spaces 
between  the  tubercles  are  more  or  less  crowded  with  larger  nuliaries; 
snd  these  are  again  surrounded  here  and  there  by  smsller.  In  the 
kteral  interambulacra  there  are  also  several  rows  of  the  same  kind 
of  tubercles  as  in  the  anterior;  the  rows  contain  more  tubercles, 
but  do  not  approach  the  ambitus  or  the  apical  system  more  ^an 
do  tiioae  of  the  anterior  spaces.  In  the  interambulacral  spaces,  be- 
tween &e  large  tubercles  and  the  apical  system  are  crowds  of  large 
and  small  miliaries. 

The  ambitus  is  sharply  curved  from  above  downwards,  and  is 
rendered  irregular  in  its  outline  by  the  slight  projection  of  portions 
of  it  from  wMch  the  tuberculation  of  the  actinal  surface  radiates  in- 
wards. On  this  surface  (PL  IV.  fig.  2)  the  posterior  ambulacra  are 
bare  and  broad,  and  coalesce,  forming  a  broad  bare  actinal  shield,  a 
lew  tniliariftg  only  existing.  As  a  whole  the  actinal  surface  is  flat, 
the  mouth  being  very  slightly  suuken,  and  that  only  anteriorly ;  but 
between  the  ambulacra  just  noticed  is  a  projecting  plastron  covered 
with  secondary  tubercles  at  the  sides,  and  with  miliaries  on  the 
top  of  its  keel.  The  actinoeome  is  large,  elliptical,  broader  than  long, 
and  the  sides  are  rounded  and  project  sHghtly  backwards.  The 
posterior  lip  projects  slightly,  and  has  large  miHary  tubercles  on  it. 
The  anterior  phyllodes  are  well  developed,  and  extend  nearly  to  the 
edge  of  the  test ;  and  the  posterior  are  recognizable  by  one  or  two 
large  slit-shaped  pores.  The  tubercles  of  the  actinal  surface  radiate 
in  lines  from  points  in  the  lateral  and  anterior  interambulacra  at  the 
ambitus,  and  the  tubercles  increase  in  size  as  they  approach  the 
actinoeome  with  its  comparatively  bare  surrounding  plates.  A  very 
ill-developed,  extremely  narrow  fascicle  (visible  under  a  magnifying 
power  of  10  diam.)  is  seen  on  part  of  the  test  below  the  tubercular 
area.    The  frill-like  crenulation  is  present  on  the  actinal  surface. 

Length  2|  inches,  breadth  2\  inches ;  height  at  posterior  part 
JU  inch,  at  apical  system  ^^  inch. 

LoccJitf/. — ^Mouth  of  the  Sherbrook  river,  with  Eupatagya  Laubd, 

The  resemblance  of  this  form  to  Maretia  phnulata^  (>ray,  is  per- 
fect, with  the  exception  of  the  partial  and  extremely  small  fascicle. 

EvTATkQVs  Bomrors,  sp.  nov.    Plate  III.  figs.  14-17. 

The  test  is  thin,  and  the  outline  of  the  ambitus  is  nearly  circular, 
there  being  a  slight  flatness  posteriorly  where  the  anus  is  situate  on 
a  truncation  which  slants  slightly  from  above  downwards  and  in- 
wards. The  vertex  is  nearly  central,  and  thence  there  is  a  slight 
slope  to  the  apical  system  ;  the  slope  continues  anteriorly,  and  then 
dips  down  suddenly  to  the  ambitus.  Behind  the  vertex  a  keel 
passes  backwards  horizontally  beyond  the  line  of  the  posterior  am- 
bulacral  petals,  and  the  slope  increases  to  the  margin  of  the  peri- 
proct.  The  r^  of  tho  posterior  part  is  obliquely  truncate,  the 
niface  of  the  truncation  being  slightly  concave  from  side  to  side« 
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The  periproct  is  large  and  liigh  up.  The  height  of  the  vertex 
ia  about  |  of  the  length  of  the  test.  On  either  side  of  the  vertex  tbo 
test  slopes  down  in  a  bold  curve  to  the  ambitus.  The  apical  system 
is  eccentric  and  in  advance  of  the  vertex,  and  is  slightly  depressed 
(PL  III.  fig.  15).  There  are  four  large  genital  openings ;  the  two 
anterior  are  closer  together  than  the  two  posterior,  which  are  sepa- 
rated by  the  madreporiform  body,  which  extends  beyond  the  pos- 
terior ;  they  are  large,  and  each  is  more  or  less  perfectly  surrounded 
by  a  circle  of  miliary  tuberdes.  The  ocular  pores  are  large,  and 
form  the  angles  of  a  pentagon  which  incloses  the  generative  tract. 
There  is  no  groove  for  the  odd  anterior  ambulacrum,  which  spreads 
out  towards  the  ambitus,  being  bounded  laterally  by  a  faint  ridge  on 
either  side,  and  crossed  by  the  peripetalous  fascicle  at  about  ^  of 
the  whole  distance  from  the  ambitus  to  the  apical  system.  There 
are  a  few  pores  crowded  near  the  apex  of  the  ambulacrum,  and  a 
few  widely  apart  between  it  and  the  fascicle. 

The  anterior  pair  of  petab  are  widely  divergent,  lanceolate, 
slightly  pointed  externally ;  and  their  poriferous  zones  are  sunken 
and  broad,  the  hinder  ones  being  the  broadest.  The  pores  are 
rudimentary  in  the  upper  part  of  the  front  zones ;  and  elsewhere  they 
are  largest  in  the  hmder  zones.  The  pores  are  nearly  round,  the 
extemfld  row  being  more  or  less  ovoid ;  they  are  conjugate,  and  the 
ridges  intervening  between  the  pairs  are  raised  and  ornamented 
with  miliaries.  There  are  from  24  to  26  pairs  of  pores  in  the 
posterior  poriferous  zones  of  these  ambulacra.  The  interporiferous 
space  is  slightly  broader  than  the  posterior  poriferous  zone,  is  convex, 
and  ornamented  with  large  miliaries.  The  x>osterior  pair  of  petals, 
rather  dose  to  each  other,  are  slightly  shorter  than  the  anterior ; 
they  are  broader,  however,  and  less  pointed  at  the  end.  The  pori- 
ferous zones  of  these  posterior  ambulacra  are  sunken,  and  are  nearly 
equal  in  breadth ;  there  are  the  same  number  of  pores  as  in  the 
anterior ;  and  the  other  details  are  much  the  same  in  both.  The 
interporiferous  zone  is  broader  than  in  the  anterior  pair  of  ambula- 
cra, and  is  convex  and  rather  above  the  ordinary  level  of  the  test. 

The  peripetalous  fascicle  (PI.  III.  -fig.  15)  passes  round  the  ex- 
tremities of  the  lateral  and  of  the  posterior  petals,  and  across  the  odd 
anterior  ambulacrum ;  it  passes  behind  the  posterior  petals  in  an 
irregular  course,  but  on  the  whole  it  is  elliptical  in  its  outline  in 
the  posterior  half,  and  rather  angular  and  wavy  in  the  anterior.  It 
is  situated  nearer  to  the  apical  system  than  to  the  ambitus,  except 
anteriorly,  where  it  is  nearest  to  the  ambitus.  The  tuberculation  of 
the  abactinal  surface  below  the  fascicle  is  uniform,  and  the  tubercles 
are  smaller  near  the  fascicle  and  larger  towards  the  ambitus ;  every- 
where they  are  crowded,  and  in  many  places  there  are  vacant  spots 
like  crescent  fascicles.  The  small  secondary  tubercles  in  this  part 
are  perforate  and  crenulate,  and  the  scrobicule  is  often  imperfect  and 
oblique,  whilst  there  may  not  be  a  perfect  miliary  scrobicular  circle. 
Above  the  fascicle  and  in  the  posterior  interambulacral  space  the 
tuberculation  is  small,  and  like  that  of  the  interporiferous  zones, 
there  being  neither  large  secondary  nor  primary  tubercles.    In  the 
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antmor  and  in  tlie  antero-lateral  interambiilacra  there  are  large 
priniary  and  secondary  tuberdes  irregularly  arranged  and  sparsely 
distribated,  but  occupying  the  whole  of  the  spaces.  The  primaries 
ha?e  a  perforated  mamdoo,  crenulated  boss,  and  a  flat  scrobicule. 
The  edge  of  the  ambitus  is  rather  sharply  rounded.  The  actinal  sur- 
£fice  slopes  upwards  in  front  anterior  to  the  mouth,  and  is  more  or 
less  convex  posteriorly,  ou  account  of  the  sharp  keel  of  the  posterior 
extremity  of  the  inter^unbulacral  actinal  plastron.  The  mouth  is 
slightly  sunken  anteriorly;  and  the  posterior  lip  is  rounded  and 
projects  downwards  slightly,  being,  unlike  the  rest  of  the  circum- 
ference of  the  opening,  very  tuberculate  (PL  III.  fig.  16).  The 
aetLnal  anterior  and  lateral  ambulacra  form  short  and  almost  smooth 
avoiues ;  and  Uie  posterior  ambulacra  form  wide,  almost  smooth 
bands  extending  from  the  subanal  fascicle  on  either  side  of  the  keel 
to  the  aides  of  the  mouth  and  behind  the  posterior  lip.  The  anal 
system  is  large,  and  almost  circular  in  outline,  and  is  situated  in  the 
oUiquely  truncated  posterior  extremity,  of  which  it  occupies  nearly 
one  half  (PL  III.  fig.  17).  The  subcmal  fascicle  is  dosed,  heart- 
shaped,  and  reaches  to  the  point  of  the  keel  of  the  plastron.  The 
poriferoos  areas  of  the  anterior  odd  and  paired  ambulacra  on  the 
actinal  surface  show  a  few  slit-like  pores  surrounded  by  a  scrobiculo- 
like  rim,  which  occupy  the  position  of  large  tubercles.  There  are 
also  corresponding  pores  in  the  posterior  ambulacral  zones  close  to 
the  mouth.  The  tuberculation  of  the  anterior  interambulacra  on 
the  actinal  surface  is  larger  near  the  mouth,  and  so  is  that  of  the 
lateral  interambulacra ;  but  the  tubercles  diminish  in  size  and  in- 
crease in  number  towards  certain  points  on  the  ambitus;  within 
the  posterior  actinal  interambulacral  space  the  tubercles  radiate 
from  the  point  of  the  keel,  and  the  largest  are  the  remotest  from  it. 
The  mouth  is  large,  broader  than  long,  curved  in  front,  and  en- 
croached upon  behind  by  the  projecting  posterior  lip. 

Length  2y\j^  inches,  breadth  2j^,  height  of  vertex  l-j^^y  inch. 

Loealitif. — Tertiaries  of  the  Murray  river. 

EupAXAGUs  Laxtbei,  sp.  uov.     Plate  III.  ^.  18. 

The  test  is  thin,  depressed,  elliptical  in  outline,  but  narrow  and 
somewhat  pointed  posteriorly.  There  is  slight  truncation  of  the 
posterior  interambulacrum.  The  antero-lateral  and  posterior 
petals  are  nearly  equal  in  length  and  breadth,  and  are  hmceolate, 
the  anterior  pair  diverging  more  than  the  others.  The  poriferous 
zones  of  both  ambulacra  are  equal  in  breadth,  are  slightly  sunken ; 
and  the  anterior  poriferous  zone  of  the  antero-lateral  petals  is  the 
flmaUert.  The  pores  are  conjugate,  those  of  the  antero-lateral  zones 
being  the  largest ;  and  in  both  ambulacra  those  of  the  inner  row  are 
rounder  and  smaller  than  those  of  the  outer,  there  being  13  or  14 
rows  in  each  petal.  The  interporiferous  zone  is  sHghtly  convex, 
and  has  miliaries  and  third-sized  tubercles ;  and  miliaries  crowd  the 
elevations  between  the  successive  pairs  of  pores.  The  anterior  odd 
ambulacrum  is  nearly  flush,  bounded  by  tubercles  larger  than  those 
within  its  area,  and  contains  a  few  pores.     The  apical  system  ia 
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very  small,  and  nearly  central;  there  are  four  generatiye  pores, 
the  posterior  pair  being  the  widest  apart,  and  the  madr^poriform 
body  passing  between  them.  The  peripetalous  fasciole  is  narrow,  and 
indoses  a  cordif orm  space.  Tuberculation  small  everywhere ;  but 
there  are  larger  tubercles  grouped  within  than  without  the  £a»Biole, 
and  they  become  smaller  towards  the  sharply  rounded  ambitus. 
The  actinosome  is  well  in  front,  the  anterior  part  being  sunken ; 
the  phyllodes  are  distinct ;  the  plastron  is  i^early  smooth ;  and  the 
tuberculation  of  the  actinal  surface,  which  is  throughout  small, 
becomes  larger  remotely  from  the  ambitus. 

Height  -^  inch,  length  1^  inch,  breadth  1^  inch. 

Locality. — Section  1  mile  west  of  the  mouth  of  the  Sherbrook 
river,  lower  part  of  cliff. 

The  small  tubercles,  the  depressed  shape,  the  equal  size  of  the 
petals,  the  very  thin  fasciole,  and  the  far  forward  mouth  distinguish 
this  species,  which  I  have  dedicated  to  the  excellent  palsDontologist 
Prof.  Laube. 

The  next  group  of  Australian  Echini  is  very  characteristic  of  the 
Tertiary  marine  depqpits  of  the  southern  provinces.  Members  of  it 
have  been  found  in  the  corresponding  formation  of  New  Zealand, 
in  the  later  Tertiaries  of  Java,  and  in  the  Eocene,  Miocene,  and 
Pliocene  strata  of  Europe. 

Genus  Lovenia,  Desor,  1847. 
Syn.  Hemipatagus^  Desor,  1858. 

Desor  originated  the  genus  ffemipatagus  amongst  the  fossil  Echini 
in  1858,  to  include  some  species  of  the  old  genus  Spatangus,  which 
had  the  following  characters  ♦ : — 

"  Little  Urchins  with  large  tubercles  on  the  interambulacral  areas, 
like  true  Spaiangif  but  with  this  difference,  that  none  are  found  in 
the  odd  or  posterior  interambulacrum.  The  plastron  is  smooth,  as 
if  rubbed  ;  the  petals  are  long  and  spread  out ;  there  are  four  genital 
pores,  and  there  are  no  fascioles." 

This  diagnosis  separated  the  group  from  Spatangus,  which  has  a 
subanal  fasciole,  and  tubercles  in  all  the  interambulacral  areas — and 
distinguished  it  from  Eupatagus,  which  has  its  posterior  interambu- 
lacrum without  tubercles,  and  a  subanal  as  well  as  a  peripetalous 
fasciole.  The  distinctness  of  the  group  was  evident  enough,  al- 
though the  generic  value  given  to  it  was  a  matter  of  doubt. 

Gray  t  had  in  1855  described  a  fine  recent  Echinus  under  the 
new  generic  title  of  Maretioy  and  his  diagnosis  brought  it  into  close 
relation  to  ffemipatagus^  Desor.  It  has  the  generic  characters  and, 
in  addition,  an  indistinct  subanal  fasciole ;  but  the  test  is  flattened. 

In  1873  A.  Agassiz  noticed  the  close  resemblance  of  the  ffemi- 
patagi  and  Maretia^  and,  considering  the  subanal  fasciole  of  no 
moment,  determined  their  identity. 

*  '  Synopsis  des  Bohmides,'  p.  416. 
t  Oat.  Bea  Bchini,  Brit  Mas. 
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Lanbe  stated  (op.  eit,)  that  there  is  a  ^eotacle-shaped  fiiacude  in 
ffeanpaioffuM ;  and  then  R.  Etheridge,  Jan.,  in  1875,  writeB,  ^'  fielow 
the  raal  orifioe  is  a  speetade-fihaped  fiudole  eariying  <«i  each  side 
a  drelet  of  pnmary  perforated  taberdes."  They  thns  brought  the 
genus  into  actual  identity  with  Maretiay  which,  howeTer>  was  not 
known  then  to  be  represented  in  any  foesilifenNis  deposits,  and  which 
was  sopposed  to  be  a  recent  form. 

Beoent  investigations  upon  some  wonderfolly  perfect  specunens 
haTo  enabled  me  to  add  to  Lanbe's  discovery  ihe  existence  of  an 
intemal  fasdole ;  and  it  is  therefore  necessary  to  take  the  group 
away  firom  Spaiangus  and  Maretia,  according  to  the  ordinary  rul^ 
of  dasflifieation  (although  much  may  be  said  to  tiie  contrary  in  a 
dasaification  founded  aa  heredity),  and  to  place  it  in  the  nei^- 
bourbood  of  Breynia  and  Eekinoeardium^  under  the  head  of  Lovenia^ 
DesfHT. 

Lofvetaa  has  the  following  characters  : — 

Test  thin,  ebngate,  ardied,  flattened,  truncated  posteriorly.  Large 
tnberdfis  up<m  the  upper  ot  abactinal  sur&oe,  but  not  on  the  posterior 
interambulacrum ;  and  they  are  situate  in  deep  and  large  scrobicules. 
Hie  ambulacral  petals,  in  somewhat  triangular  and  adjoining  zones, 
form  two  crescents  on  each  side  of  the  apex.  There  are  four  gene- 
ratiTe  pores ;  and  the  anal  system  is  more  or  less  sunken  in  the 
posterior  truncation.  The  anterior  grooTC  is  slight.  The  actinal 
Bur&ee  has  large  and  other  tuberdes  in  deep  scrobicules,  forming 
a  dose  pavement  laterally ;  the  posterior  end  of  this  surface  is  orna- 
mented with  regularly  placed  small  tuberdes ;  and  the  flosceUes  are 
distinct  but  small.  There  is  an  intemal  fasdole  and  a  subanal 
spectade-shaped  fasdole. 

The  spedes  hitherto  described  are  Lovenia  eordiformis^  Liitk., 
firom  Gnayaquil  and  the  Gulf  of  California,  Lovenia  dong<Ua,  Gray, 
Bed  Sea,  Australia,  and  Philippines  {Lovenia  hystrix  is  probably  the 
same  as  this),  and  Lovenia  whearinata^  Gray,  from  China,  Japan, 
and  the  Sandwich  Idands. 

A  comparison  of  the  details  of  some  beautifully  preserved  specimens 
of  Echini  firom  the  Section  at  Mordialloc,  on  the  east  shore  of  Port- 
Phillip  Bay,  whidi  would  have  been  classified  as  Hemipaiagi^  with 
the  diagnostic  characters  of  Lovenia^  proves  the  generic  identity. 
In  most  specimens  which  have  hitherto  been  collected,  described, 
and  figured,  the  surfiice  has  been  exposed  to  attrition  and  weathering, 
and  more  or  less  of  the  fine  miliary  ornamentation  which  covers  the 
whole  abactinal  surface  has  been  removed.  In  many  specimens 
there  is  not  a  trace  of  it  left,  and  the  divisions  between  the 
plates  have  become  evident.  This  fine  ornamentation  reaches  to 
ihe  ambitus,  where  it  becomes  coarser,  and  gradually  enlarges  on 
the  actinal  surface  until  the  large  primaries  are  reached ;  but  around 
the  anal  opening  the  ornamentation  becomes  finer,  and  the  miliaries 
are  smaller  and  wider  apart.  The  intemal  fiwdole  is  composed  of 
tuberdes  of  about  one  sixth  the  size  of  the  finest  miharies ;  and  those 
of  the  subanal  fisMcioLe  are  quite  as  smalL 
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Considering  that  the  ahortion  of  the  anterior  poriferous   zone  of 
the  antero-lateral  ambulacra  has  been  so  often  figured  iaHemipata^teSy 
it  is  remarkable  that  a  more  strict  search  after  an  internal  fasciole, 
which  could  alone  produce  that  peculiarity,  has  not  been  prerioasly 
successful.     The  best  Mordialloc  specimens  indicated  it  perfectly  ; 
and  many  old  and  worn  specimens  give  indications  of  its  presence 
now  that  one  knows  where  to  look  for  it.     The  subanal  linear 
fascicle  is  situated  just  where  the  posterior  and  truncated  (actinal) 
part  of  the  test  touches  the  surface  on  which  the  test  rests ;  hence 
it  is  readily  worn  off,  after  the  spines  have  been  removed,  by  tlie 
ordinary  attrition  to  which  fossils  are  subject. 

Some  confusion  has  arisen  in  the  nomenclature  and  in  the  specific 
distinction  of  the  Australian  Hemipatagi  (now  Lovenice)  already 
known,  owing  to  my  communication  to  the  Ann.  and  Mag.  Nat. 
Hist.,  ser.  3,  vol.  xiv.  Sept.  1864,  having  been  overlooked  by  Laube, 
whose  admirable  essay  on  the  Fossil  £chinida  of  the  Murray  cliffs 
was  read  before  the  Vienna  Academy  in  1869.     He  redescribed  the 
same  species  which  I  had  caUed  Hemipatagus  Forbesi,  Woods  and 
Duncan.     In  1875  Mr.  E.  Etheridge,  jun.,  described  in  the  Quart. 
Journ.  Qeol.  Soc.  voL  xxxi.  No.  123,  p.  445,  a  species  which  he  has 
called  H,  Woodsi,  and  in  order  to  define  it  from  If,  Forbesi  had  the 
latter  figured  in  outline  giving  a  side  view.     This  figure  does  not 
correspond  with  mine  in  Ann.  and  Mag.  Nat.  Hist.  ser.  3,  vol.  xiv. 
plate  vi.  fig.  3  ;  nor  does  it  with  Laube's.    Again,  my  figure  and 
Laube's  are  not  exactly  alike ;  for  a  certain  amount  of  variation 
must  be  conceded  to  all  the  species  of  this  genus ;  and  the  figure  in 
the  *  Sitzungsberichte '   has  a  more  truncated  and  less   depressed 
anterior  front  test  than  mine.     Mr.  Etheridge's  figure  is  shorter 
and  more  truncated  still,  and  approximates  to  his  new  species  ff. 
Woodsi,  so  as  in  fact  to  restrict  the  specific  diagnosis  to  the  greater 
or  less  number  of  large  tubercles  with  sunken  scrobicules  in  the  two 
lateral  interambulacral  spaces  on  either  side. 

Laube  evidently  had  better  specimens  than  those  from  which  I 
described  ff,  Forbesi.  It  appears,  after  an  examination  of  a  nmne- 
rous  series  (35  to  40)  of  Hemipatagi  from  the  Australian  Tortiaries, 
that  there  are  groups  embraced  under  the  species  H,  Woodsi  zxx^H. 
Forbesi^  Etheridge ;  but  they  are  connected  by  intermediate  forms. 
There  are  H»  Woodsi^  with  flat  and  with  truncate  ends,  with  oval 
or  transversely  elongated  periprocts,  with  numerous  tubercles  in 
the  lateral  interambulacra  or  with  few.  The  larger  H,  Forbesi 
rcRcmble  the  H,  Woodsi  in  shape,  and  have  variable  numbers  of 
tubercles ;  and  the  number  even  differs  on  the  opposite  sides  of  the 
same  individual. 

The  depth  of  the  anterior  furrow,  the  distinctness  of  the  subanal 
fascicle,  and  the  width  of  the  ornamentation  included  by  the  in- 
ternal fasdole  vary  in  specimens  possessing  perfect  resemblances 
in  other  structures.  The  number  of  pairs  of  pores  in  the  ambulacra 
is,  in  the  majority  of  the  specimens,  as  follows  (taking  15  as  good 
types): — 
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Pain  of  PoFM  in  Ambulacra. 
Specimens.  Antero-lsteral.        Pottero-lateraL 

Small  gpecunenB  with  4  laige  tubercles  in  the  lateral  interamba- 
lacral  qpaoe. 
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12     . . . . 

....     14 

WiUi  6  taberdes, 
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....     12 

2     

11     .... 

....     10 

With  13  tubercles. 

1     

14     . . . . 

....     16 

LoTBViA  FoBBBBi,  Woodd  aud  Duncan.     Plate  lY.  figs.  5-8. 

Sjn.  Hemipatagus  Forhen,  Woods  and  Duncan. 

Not  88  figured  in  Etheridge,  Quart  Joum.  GeoL  Soc.  voL  xzxL 
pL  xxL  fig.  8,  but  in  Ann,  and  Mag.  Nat  Hist.  ser.  3,  yol.  xIt. 
pL  tL  fig.  3  e,f. 

Syn.  Hemipatagus  Woodsi,  Etheridge,  (a  varietj)  yar.  Woodsi. 
Bjpi.  Hemipatagus  Forbesi,  Laube. 

From  the  Miocene  tertiaries  of  the  Murray  diffii.  Mount  Gambier 
Polyzoan  limestone,  east  side  of  Port-PhilHp  Bay,  near  Mordialloo 
(see  Etheiidge,  Quart.  Joum.  Geol.  Soc.  vol.  xxxi.  p.  447  for  the 
section).     It  is  a  very  common  and  variable  species. 

LovEHiA  FoBB£si,  var.  MnroB. 

After  much  consideration,  and  having  had  the  opportunity  of 
ftTowiining  numcrous  specimens,  I  place  a  small  Lovenia^  which  is 
exceedingly  variable  in  length,  height,  position  of  apical  system,  and 
number  of  tubercles  in  the  species  L,  Forbesi,  making  it  a  good 
variety,  var.  minor  nobis. 

Some  of  the  specimens  are  exquisite  in  their  ornamentation,  and 
afford  the  following  new  points  of  structure,  which  necessitate  the 
aborption  of  Hemipatagus  in  Lovenia  : — 

The  internal  fasciole  now  observed  for  the  first  time  in  Hemipa" 
iagus  torma  an  acute  angle  posteriorly,  and  just  behind  the  madre- 
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poriform  body,  and  then  passes  across  the  line  of  the  posterior  lateral 
ambulacra,  turning  forwards  in  the  interambulacral  space  and  bein^ 
visible  thence  to  about  midway  between  the  apical  system  and  i^e  am- 
bitus in  front  (PL  lY.  fig.  8).    The  fascicle  then  crosses  the  ridges 
on  either  side  of  the  odd  ambulacrum  and  completes  the  cironit. 
The  band  of  small  granules  constituting  the  fascicle  is  narrow,  bat 
yery  distinct ;  but  the  anterior  transverse  portion  is  not  very  mari^ed. 
The  cavity  for  the  odd  ambulacrum  is  moderately  deep,  and  has  on 
either  side  towards  the  apical  system  a  ridge  which  is  ornamented 
with  numerous  small  tubercles  encirclod  by  miliaries.    The  abor- 
tion of  the  anterior  poriferous  zones  of  the  antero-lateral  ambulacra 
is  evidently  in  relation  to  the  presence  of  the  internal  f asdole.     Oar 
knowledge  of  the  subanal  spectacle-shaped  fascicle  (PI.  IV.  fig.  6), 
first  noticed  by  Laube,  and  subsequently  by  Mr.  £theridge,  may  be 
thus  added  to : — It  commences  in  a  mass  of  miliaries  on  the  sab- 
anal  plates,  and  then  passes  outwards  and  curves  downwards.    The 
union  is  made  with  that  of  the  other  Bide  by  a  narrow  transverse 
line  of  granules,  which,  as  a  fisisciole,  passes  across  the  intervening 
space.     The  curved  upper  part  of  the  fasciole  on  either  side  is,  in 
some  specimens,  prolonged  inwards  so  as  to  incompletely  include  a 
space  which  is  ornamented  with  small  tubercles,  the  scrobicules  of 
which  are  separated  by  ridges.    These  tubercles  have  the  mamelon 
very  distinct ;  and  in  their  neighbourhood  are  smaller  ones  in  more 
or  less  definite  rows,  and  some  in  a  part  of  a  circle  bounding  the 
fasciole  internally. 

The  outer  curve  of  this  fascicle  (on  either  side)  is  within  the 
range  of  the  posterior  lateral  ambulacrum,  the  plates  of  which,  as 
they  are  continued  to  the  ambitus,  pass  down  beneath  the  ornamen- 
tation of  the  outer  part  of  the  fasciole  and  the  outer  part  of  the 
included  space.  It  results  that  there  are  five  or  six  pores  in  these 
plates  which  appear  within  the  fasciole  (Plate  lY.  fig.  6),  in  a 
semicircle  just  on  its  inner  edge.  They  are  distinct  in  worn  speci- 
mens, and  can  usually  be  distinguished  in  others  close  to  the  tubercles. 
The  periproct  may  be  round,  ovoid,  or  elongated  transversely ;  and 
the  subanal  space  may  be  high  or  low  in  the  same  variety  of  the 
species ;  but  in  all,  the  ornamentation  of  the  subanal  space  is  very 
distinct,  and  consists  of  miliaries  and  a  few  very  small  tubercles. 

The  peristome  has  the  posterior  lip  edged  with  a  ridge  of  plain 
ornament ;  and  behind  this  are  rows  of  small  miliaries  succeeded  by 
larger  ones  whose  numbers  become  less  and  less.  The  posterior  lip 
is  bent  downwards ;  and  the  anterior  and  lateral  parts  of  the  peri- 
stome pass  upwards  into  the  funnel-shaped  cavity,  which  is  semi- 
lunar transversely. 

The  flosceUe  is  tolerably  well  developed ;  and  the  pores  are  dis- 
tinct and  belong  to  all  the  ambulacra,  the  anterior  odd  ambulacrum 
being  nearly  destitute  of  them;  but  it  presents  two  pores  on 
either  side  and  the  relics  of  the  sphaeridial  space.  A  very  beautify 
ornamentation  is  seen  around  the  flosceUe,  in  front  especially ;  and 
it  includes  that  of  the  larger  first  polygonal  peristomial  plate  (inter- 
radial).  This  is  slightly  convex  and  has  pretty  miliaries  on  it. 
Distinct  but  small  taberdes  with  flat  scrobicules  are  in  and  around 
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tiie  floeodle ;  and  tlie  pores  represent  aD  absent  boss  which  is  replaced 
hj  the  slit. 

The  ornamentation  of  the  plastron  (actinal)  is  yery  beautiful 
(PL  IV.  fig.  7).  There  is  a  triangular  space  in  front  of  the  trans- 
▼ene  part  of  the  snbanal  fasciole  which  has  a  slight  median  and 
oenti^  projection  covered  with  small  taberdes ;  and  all  around  it 
the  tnbenues  radiate,  becoming  large  and  having  definite  scro- 
bienlar  eirdee  and  flat  scrobicules  until  the  edge  of  the  space  is 
reached.  This  ornamentation  is  restricted  to  parts  of  the  second 
posterior  interradial  peristomial  plates,  and  partly  to  the  third  on 
n^ier  side,  they  being  crossed  by  the  fasciole.  The  first  plate  is 
funtly  marked  with  transyerse  ridges  and  distant  miliaries. 

Hie  ambulacral  plates  on  either  side  of  these  plates  are  narrow ; 
and  their  ornamentation  is  composed  of  distant  miliaries. 

Finally,  the  shagreen  appearance  of  the  whole  test,  caused  by  the 
minute  granular  tuberculation,  is  remarkable. 

The  localities  whence  Lovenia  Forhesi  and  the  varieties  Woodsi 
and  minor  have  been  obtained  are  numerous.  Thus  the  Murray 
diffi  have  yielded  the  first  two  forms,  Mount  Gambler  and  the 
Hamilton  Tertiaries  and  the  Hordialloc  sections  No.  1^  2,  3,  and  4 
the  same,  the  last  yielding  also  the  var.  minor. 


Oenus  ScHizisTBR,  Agassiz. 

A  large  specimen,  partly  in  the  form  of  a  cast,  but  with  the  details 
very  wcS  preserved,  came  from  the  "  Adelaide  district."  It  belongs 
to  this  genus  ;  and  from  its  resemblance  to  Schizaster  ventricosus  I 
am  disposed  to  give  it  that  specific  name. 

8cHizASTBB  VEHTBicosirs,  Oray,  Cat.  of  Echinida,  p.  60. 

Dr.  Gray  obtained  his  specimen  from  Australia ;  but  the  spedes 
is  more  common  to  the  north  and  east,  in  Siam,  the  Philippines,  and 
the  Fijia. 

Genus  MEeALASTKB^  gen.  nov. 

The  test  is  ellipiical  in  outline,  deeply  incurved  anteriorly  and 
aKghtly  truncate  posteriorly.  It  is  long,  broad,  but  depressed ;  very 
flat  inferiorly,  and  doping  sharply  from  the  ambitus  upwards. 
The  apical  system  is  in  advance  of  the  centre,  and  the  test  dopes 
on  all  sides  frx>m  it ;  it  is  small  in  relation  to  the  dimensions  of  the 
test,  and  there  appear  to  be  four  small  generative  pores.  The  am- 
bulacra are  closed,  petaloid,  deep,  and  small  for  the  size  of  the  test. 
The  anterior  ambiJacrum  is  aborted,  and  the  anterior  groove  is 
broad  and  very  deep  at  the  ambitus.  The  other  ambulacral  petals, 
which  are  dosed  externally,  are  very  deep  and  slightly  flexuous, 
and  the  anterior  pair  diverge  more  than  the  posterior.  The  peri* 
proct  is  large,  elliptical,  transverse,  and  situated  above  the  margin 
in  a  small  truncation.     The  mouth  is  large,  transverse,  and  placed 
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dose  to  the  notch  of  the  auterior  amhjlacnun.  The  posterior  lip  is 
sharp  and  slightly  projecting.  The  tnberculation  is  yerj  small. 
Eascioles  are  not  apparent. 


Fig.  1. — MegalaMer  eompresms,  abactinal  surface,  one  half  the 
natural  size. 


MSOALABTEB  COUPBESSUS,  sp.  nOY.  (wOOdcut,  fig.  1). 

The  test  is  comparatively  flat ;  and  there  is  a  marked  depression 
behind  the  abactinal  area  and  between  the  posterior  pair  of  ambu- 
lacra. The  antero-lateral  ambulacra  are  slightly  longer  than  the 
posterior,  and  in  both  sets  the  pores  are  yery  small  near  the  apical 
system.  The  poriferous  zones  have  the  external  pores  elongate,  and 
very  few  pores  exist  beyond  the  petals.  The  ocular  pores  are  nearly 
as  large  as  the  generative. 

Length  of  test  4|  inches,  breadth  4^  inches,  height  2  inches. 

Locality. — Banks  of  the  Murray. 


rV.  The  Oenera  of  Echinodertnata  of  tJu  AvHralian  Tertiary  and 
Recent  Faunas. 


Subordera  and  Familiee. 
DESMOSTICHA. 

CiDABIDiB     < 


Tertiary  Genera. 
Leiocidaris, 


DiADEHATIDA 


Becent  Genera. 

fPhyUacttnthuB, 
Ganwddaris. 
Stephanocidaris, 
ICentroetephanut. 
Echinometra, 
Stronyylocentrolm, 
Sphitrechinus. 
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&ibofden  and  Families. 


£cHrNIDJB 


CLTPEASTRID^ 

ErCLTPEASTBIDAE 


SCUTELLIDA 


PETALOSTICflA. 

NUCI^OLIDA .  . 


Spatakoid^ 


Tertiary  Genera. 

iButmmechinus, 
Paradoreehimu, 
Tenmechinus. 


JSchmanihua, 


{Echinarachnius, 
Arachnoides, 
C  Eehmolctmpas, 

lOtynchopygtu, 

Eckinchrimia, 

Pygorhynckus* 

CatopyguB. 
(HolofUr. 

Maretia, 

EupataguB. 

Lovema, 

Mtcragter, 

MegdUuter, 

Schisaster, 


: 


Reoenfc  Genera. 
^Microq/phu8, 
Salmacta, 
Ambigpneustes, 
Holt^pneustes, 
Echmus, 
Ew!ehmu$» 
Eibularia. 
Echinanthus, 
Zagamim, 
PeroneUa, 

Arachnoides. 


Eehmdbrwus 


Eupatagtu, 

Zavenia. 

Echinocardktm, 

Breynia, 

Metalia, 

Schizaster, 

Zmthia, 


V.  Lists  of  Specific  Alliances. 


List  of  Species  common  to  the  Cainozoic  (Tertiary)  and  Eecent 
Australian  Faunas. 

Echinanthus  UstudinariuSy  Oraj. 
Echinarachnius  parma^  Gray. 
Schixaster  ventricostUj  Gray. 

Alliances  of  Hie  Cainozoic  Australian  Echinodermal  fauna  to  the 
Beoent  fauna  of  Australia  and  neighbouring  seas. 
AlUedto 

IArachnoides   placenta,    Australia  and  New 
Zealand. 
Echinobrissus  recens.    New  Zealand. 
Echinolampas  ociformis.    Red  Sea,  Moluccas. 
Maretia  pUmulata.    East-Indian  Islands. 
Eupatagus  Valenciennesi,    Australia. 

Lovema  Forbesi Ldvenia  eUmgata.    Australia. 

Leioeidaris  austraUa . .     Lvrocidaris  papiUata,    Worldwide. 
I^ammeekimis  Woodsi.    Echinus  mageuanicus.     South  AmeHca   and 

New  Zealand. 

Species  of  the  Australian  Cainozoic  fauna  with  decided  affinities 
to  European  and  Asiatic  Cretaceous  species. 

AlUedto 

Leiacidaris  ausiraUcB    ....  ddaris  Forckhammeri, 

Bkgnchopggw  dgsasteroides  Several  forms  from  the  Gault. 

Echinobrisstts  austraUa   . .  Cretaceous  Nucleolites. 

Catcpygus  eUgans Catopggus  of  South-Indian  Cretaceous.' 

Mokuier  auHraluc    Holasters  of  South  India  and  Caucasus. 

MierasUr  brevisteUa Cretaceous  Micrasters. 

Megalaster  compressus, . . .  Cretaceous  Caidiasters  of  South  India. 


Arachnoides  Loveni, . . . 
„  austraHa. . 

EMnobrissus  australia, 
Echinolampas  octdum. . 
Maretia  ancmala  .... 
Ef/patagns  Lavbei 
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Species  of  the  Australian  Cainozoio  fauna  with  affinities  to  the 
Nummulitic  faunas  of  Europe  and  India. 

Temnechmus  lineatus,  ' 

Pygorhynchus  FassaH  (and  in  Miocene  of  Malta). 
£kipataf^  rotundas, 
Lwema  Forheti 

YI.  Remarks  on  ike  Species. 

Leiooidabis  ujbtrllljr,  sp.  noY. 

This  form  has  conjugate  pores  in  the  poriferous  zone,  and  therefore 
is  separahle  from  its  fellow  and  equally  doubtfiil  subgenus  Doroci- 
daris  of  the  genus  Cidaris,  These  two  divisions  of  Cidaris,  how- 
ever, are  very  useful.  It  is  interesting  to  find  the  form  in  the 
Australian  Tertiaries,  especially  when  the  necessity  of  recognizing 
the  genus  Phyllacanthus  as  almost  a  synonym  of  Leiocidaris  brings 
the  Australian  species  P.  anntdifer,  P,  dubiiis,  P,  imperialism  and 
P.  verticillatus  into  relation  with  it.  The  alliance  is  strongest  with 
Phyllacanthus  duhius^  Brandt.  This  group  of  genera  or  subgenera 
has  no  species  in  the  recent  fauna  to  the  south  of  Australia,  or  in 
the  New-Zealand  seas,  and  it  belongs  rather  to  the  area  of  the 
warmer  littoral  tracts  to  the  north,  north-east,  and  west  The  re- 
semblance of  the  fossil  form  to  the  Cidaridae  of  Malta,  especially  to 
C,  Adamsi,  Wright,  is  rather  remote ;  but,  taken  in  connexion  with 
the  resemblances  of  many  of  the  other  fossil  Echini  of  the  Austra- 
lian area  to  the  Maltese,  it  is  significant  of  a  singular  homotazis. 
This  species  is  not  without  some  resemblance  to  Cidaris  Forth'- 
hammeri^  Desor,  from  the  Upper  Chalk  (Danien)  of  France. 

PsAMXEGHnnTs  WooDsi,  Laubc. 

This  species  has  been  noticed  by  Mr.  Etheridge,  who  has  given  a 
figure  of  its  abactinal  area  in  his  ^'Australian  Tertiary  Echinoderma  ^ 
(Quart.  Joum.  Geol.  Soc.  vol.  xxxi.  pi.  xzi.  ^.  10),  and  has  thus 
added  to  Laube's  descriptions  and  figures  {op.  at.  p.  185  and  figs. 
1,  la,  15).  Laube  notices  its  resemblance  to  Psammeehinus  moniUs, 
Defr.  (Falunian),  and  that  Forbes  considers  this  last  to  be  a  living 
Mediterranean  form.  The  species  is  very  like  Echinus  macrotvber^ 
cuiatus,  Blainv.,  of  the  Mediterranean  and  Cape-Yerd  Islands ;  and 
A.  Agassiz  (op.  cit.  p.  492)  notices  the  resemblance  of  this  to  the 
recent  Echinus  magellanicus  of  New  Zealand  and  South  America. 
Moreover  the  affinity  of  P.  Woodsi  to  Echinus  angulosus,  Agassiz 
(op,  cit.  p.  489),  is  very  close.  This  last  is  an  Echinus  not  to  be 
distinguished  from  Psammeehinus,  and  is  found  in  the  seas  of  the 
Cape  of  Good  Hope,  Mauritius,  Bed  Sea,  Philippines,  and  New 
Zealand. 

The  distinction  of  Echinus  proper  and  Psammeehinus  is  not  even 
properly  subgeneric  (see  A.  Agassiz,  op.  cit.  p.  490) ;  and  this  has  been 
felt  by  nearly  every  student  of  the  Echinodermata,  from  Forbes  to  the 
present  time,  whenever  the  recent  and  fossil  Echini  have  formed  part 
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«f  the  same  coarse  of  study.  The  affinities  of  this  FsammechinuM 
witli  small  tabercles  are  with  its  congeners  Echinus  anguhsus  and 
£.  mageUanicits. 

FASADoxEcaisvs  Forus,  Laube. 

This  I  beliere  to  be  a  badly  grown  TemnecMnus  allied  to  T.  line- 
&tuMj  nolns,  from  the  Australian  Tertiaries. 

TjUUifiCliUi  us  LDTSATUS,  Uobls* 

This  genus,  so  familiar  to  British  palseontolog^ts,  as  being  found 
represented  by  species  in  our  Tertiaries,  has  lasted  to  Becent  times, 
and  one  species  occurs  in  the  Australian  Cainosoic  deposits.  Tem- 
n^kmus  maeulalui^  formerly  Gonioddaris  maadatus,  A.  Agassiz,  is 
found  at  firom  30  to  100  fathoms  in  the  American  seas,  and  is  not 
witiioat  its  affinities  with  the  Australian  fossiL  These  are  generic 
only ;  but  the  changes  which  occur  in  the  ornamentation  of  this  Uving 
species  during  its  growth  are  sufficient  to  explain  the  impossibility 
of  making  accurate  and  arbitrary  diagnoses.  A.  Agassiz  notices  the 
poiesence  of  Temneehinus  in  the  Nummulitio  of  Scinde,  under  the  guise 
of  Temnapleurus  or  Opechinus.  The  affinities  of  this  Australian  form 
are  therdTore  remotely  with  the  Niimmulitio  forms  to  the  north,  and 
with  the  recent  species  in  the  Atlantic  and  the  Crag  forms. 

EcKiir  ASACHNiirs  PABKA,  Gray. 

This  ubiquitous  species  belongs  to  the  recent  faunas  of  both  sides 
of  the  North-American  area,  and  is  found  to  the  north  of  China  and 
in  the  Australian  seas.  This  yast  horizontal  range  is  in  keeping 
with  the  fact  of  its  being  found  in  these  Australian  Cainozoio  de- 
posits ;  BO  that  the  form  has  no  inconsiderable  age. 

The  other  recent  species  are  firom  California,  Kamtschatka,  and 
Japan.  There  is  a  fossil  Eehinaraehnius  which  was  coUected  by 
Mr.  C.  Darwin  in  the  Tertiary  deposits  of  Port  St.  Julien,  Patagonia. 
It  was  described  by  Desor,  and  named  by  him  E.  juliensis.  The 
periproct,  in  this  instance,  he  states,  is  inframarginal  and  not  mar- 
ginal ;  and  the  shape  is  discoid  and  flat  Kke  that  of  E.  parma.  The 
position  of  the  anus  depends  on  the  stage  of  growth,  and  is  not  a 
specific  distinction;  and  therefore  it  is  as  well  to  absorb  Desor's 
species.  Nevertheless  the  fact  of  the  discovery  in  Patagonia  is 
ezceedin^y  interesting. 

EcHiNAinrHrs  TSsrunrirABivs,  Gray. 

This  species  is  also  found  in  the  recent  fauna  of  the  Bed  Sea, 
Borneo,  Australia,  Sandwich  Islands,  Japan,  and  California.  The 
fossil  specimen  is  large  and  very  Clypeastroid  in  appearance.  It  is 
Impossible  to  ascertain  the  fossil  alliances,  as  the  genus  which  is  so 
wdl  defined  in  the  Becent  fauna  admits  of  half  a  dozen  weU-marked 
genera  in  the  fossil  faunas. 

AEiLCHKomsB  LovBVi,  nobis. 

This  Cainozoio  species  is  distinct  from  the  recent  forms  A,  placenta 
sndA.zelaTuUcB  described  by  Gray;  for  it  has  deeper  indsions  at  the 
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ambitus  in  the  ambulacral  areas,  and  there  is  some  variation  re- 
garding the  position  of  the  periproct.  This  is  not  always  supra- 
marginal,  but  may  be  marginal  and  even  inframarginal,  all  the 
other  attributes  of  the  species  being  present  The  other  species  I 
have  described,  Arachnoida  dongaius^  links  on  the  form  described 
by  Laube  as  a  Monostyehia,  which  I  believe  to  be  a  true  species  of 
this  genua  Arachnoides. 

EcHiNOLAMPAS  ovuLux,  Laube. 

This  species  is  distinct  from  the  modem  Eekinolampas  aviformiSj 
Gray,  which  is  found  in  the  Red  Sea  and  Molucca  seas.  The  genus 
has  other  recent  species  in  the  Florida  sea  and  off  the  west  coast 
of  AMca.  The  fossil  forms  are  principally  Nummulitic  in  age ;  bat 
some  are  found  in  the  other  Tertiaries.  The  Hala  range  yidds 
several  species ;  and  thus  Eekinolampas  was  very  much  in  its  proper 
area  when  it  was  living  in  the  old  Australian  seas.  Like  most  other 
forms  with  a  great  vertical  range,  it  has  a  large  horizontal  one. 

Rhtnchoptgus  dtbastbboides,  nobis. 

This  species  has  some  very  remarkable  secondary  peculiarities 
which  resemble  in  their  curious  nature  the  many  Australian  oddities 
of  structure  of  forms  of  genera  of  worldwide  distribution.  The 
form  has  all  the  generic  peculiarities  of  Rhynchopygus ;  but  its 
generative  pairs  of  pores  are  widely  apart.  It  has  an  elongated 
apical  system ;  and  this  Dysasterian  peculiarity  recalls  the  genera 
Hyhochjpus  and  Holectypus,  The  genus  has  a  wide  range  in  time, 
for  it  is  represented  in  strata  belonging  to  the  Gault;  and  in  space, 
for  the  recent  forms  are  found  in  the  Atlantic  and  Pacufic  seas  of 
America. 

ECHINOBBISSUS  AUSTBALLS,  UObis. 

This  species  is  knovm  at  once  by  the  elliptical  outline  of  the 
ambitus,  the  faintly  projecting  ambulacra,  and  the  small  size  of  the 
tuberculation.  It  differs  from  Echinohrissm  recens^  Edw.  (called 
usually  NucUolitea  recms)^  a  recent  species  from  Madagascar  and 
New  Zealand ;  for  this  has  longer  petals,  round  pores,  flush  ambu- 
lacra, a  longitudinally  elliptical  anal  furrow  with  a  posterior  edge 
nearly  on  a  level  with  the  edge  of  the  test,  and  a  large  tubercula- 
tion. It  is  distinguished  from  Echinobrisssus  {Nudeolites)  ipigonus^ 
Mart.,  of  the  seas  washing  the  East-India  Islands,  in  which  the 
actinosome  is  elongated  longitudinally.  Both  of  these  recent  forms, 
however,  are  closely  allied  to  the  Australian  fossil  species.  There 
is  a  fossil  species  of  this  genus  called  Nudeolites  papillosus^  Zitt., 
from  the  Tertiary  beds  of  the  Waikato  river  in  New  Zealand ;  but 
it  is  distinct  from  the  Australian  species  (Zittd,  Fobs.  Moll,  und 
Echinod.  aus  Neuseeland,  p.  62), 

The  old  genus  Nudeolites  contained  many  forms  which  rendered 
its  being  broken  up  into  others  necessary ;  but  the  writings  of 
Wright,  Desor,  and  A.  Agassis  show  how  unsatisfactory  the  present 
and  the  past  classifications  have  been.  The  genus  was  formerly 
considered  to  belo))g  to  the  Secondary  ages  of  tiie  world's  history ; 
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boi  the  recent  Bpecies  mentioned  above  are  good  forms,  and  are 
linked  on  to  those  of  ihe  Oretaceoos  rocks  and  Oolites  by  the  Aus- 
tralian and  New-Zealand  species.  It  is  this  species,  taken  with  the 
HoiagUr  and  Mieraster  of  tiie  fanna  and  the  Dysasteroid  arrange- 
ment in  Rh^nekopyguSy  that  gives  the  Cretaceous  fades  to  part  of 
the  Echinodermal  &una  of  the  Australian  Cainozoic  strata. 

PieoauTiscHUs  Vassali,  Wright. 

This  species  is  figured  by  Dr.  Wright  in  his  essay  on  the  Maltese 
Echinoderms  (Quart.  Joum.  Geol.  Soc.  vol.  xx.  pi.  xxii.  fig.  6) ;  and 
the  Australian  form  cannot  be  distinguished  from  it.  The  periproct 
is  longitudinal  in  the  specimens  from  both  localities ;  and  there  is 
no  floeoelle.  The  genus  is  essentially  Tertiary ;  but  Porbes  described 
one  whidi  is  probably  a  Camdulus  6om  the  Indian  Cretaceous  beds. 
Its  species  are  numerous,  and  have  been  found  in  the  Eocene  of 
France  and  Biarritz,  in  the  Miocene  of  Corsica  and  Malta,  in  the 
Eocene  of  Georgia,  and  in  the  Miocene  of  Jamaica.  It  is  not  repre- 
eoited  in  the  Eecent  faunas. 

CATorroTJB  BLBeuro,  Laube  {op»  cU,  p.  190). 

TbiB  species  has  a  concave  actinal  surface  and  a  kind  of  plastron 
on  the  same  surfisuie  posteriorly.  These  are  imusual ;  and  the  shape 
is  like  that  of  Pygorhy^nchuB.  The  figure  given  by  Laube  resembles 
a  Catapygus,  This  genus,  so  Cretaceous  in  Europe,  thus  appears  to 
have  lived  in  the  Australian  seas  during  the  Miocene  age  and  to 
have  become  extinct,  unless  it  merged  into  Pygorhynchus,  its  near 
ally  in  structure.  Its  nearest  ally  in  point  of  resemblance  and 
locality  is  Oatopygus  sulcateUus^  Stcdiozka  (Cret.  Echin.  of  Southern 
India,  p.  2Q). 

HoiASTKB  AU8TRALLS,  UObis. 

This  most  interesting  form  has  of  course  the  Dysasterian  genital 
arrangement ;  and  the  pairs  of  pores  are  rather  remote.  The  anterior 
farrow  is  very  slightly  marked  at  the  ambitus,  and  is  lost  inferiorly. 
Tiie  teat  is  rather  pointed  posteriorly.  Hence  the  species  is,  as  it 
▼OTe,  between  HolasUr  caudatus  and  IT,  indicus — ^the  former  from  the 
Lower  Cretaceous  of  the  Caucasus,  and  the  latter  from  the  Upper  or 
Middle  Cretaceous  of  Southern  India.  The  genus  has  not  previously 
been  found  in  Tertiary  deposits. 

Makkha  AiroMAiA,  nobis,  is  a  very  fine  form  of  this  Spatangoid 
genus,  and  is  in  every  respect  but  one  like  Maretia  planttlata,  C^ray, 
ai  the  China  seas,  West-Indian  Islands,  and  Mauritius ;  it  has,  in 
addition  to  the  usual  shape  and  ornamental  characters,  an  extremely 
delicate  and  threadlike  fascicle  just  above  the  ambitus.  It  is  ap- 
parratly  not  continuous,  and  is  a  lateral  one.  So  small  is  it  that  I 
doubt  the  propriety  of  placing  the  form  so  closely  resembling  Maretia 
in  all  other  peculiarities  in  another  genus.  The  genus  is  essentialy 
a  Recent  one,  and  is  closely  allied  to  the  Tertiary  Spatangoids. 

EUFATAQTTB  BOTUin>17S,  UOblS. 

ITie  genoA  Eupatagus  has  four  well-marked  distinct  species  in 
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the  Australian  deposits;  and  there  is  a  Beoent  form,  EupataguM 
VaUnci^nnesiy  Agassiz,  in  the  Australian  seas.  Two  of  the  species 
are  descrihed  in  this  communication ;  and  the  others  are  to  be  found 
in  Lanbe*s  essay  (op,  cit.  p.  195).  Ewpatagus  rotundus,  jxdhi,  is  an 
exceedingly  beautifdl  species  and  is  a  large  form.  E,  Laubei  is 
smaller,  and  with  its  small  tuberdes,  petals  of  equal  size,  and  the 
forward  peristome  is  distinguished  from  all  others.  The  genus  is 
well  represented  in  the  Eocene,  especially  in  the  French  and  Indian 
Nummulitic.     It  occurs  in  the  European  Mid  Tertiaries  also. 

LovBNiA  FoRBSsi,  syu.  Hemipaiagus  Forhesi,  Woods  and  Duncan. 

The  beautiful  fossils  from  Mordialloc  (which  hare  all  their  orna- 
mentation perfect)  prove  that  Hemipaiagus  is  really  a  form  of 
Lovenia.  There  is  an  internal  fascicle  and  a  subanal  one  also.  Hie 
descriptions  in  the  part  of  this  paper  which  refers  to  the  species  are 
so  fuU  that  it  is  not  necessary  to  recapitulate  here,  ^e  genus 
Lovenia  (ffemipatagvs  included)  is  of  some  antiquity,  as  species  have 
been  found  in  the  Nummulitic  of  North  Africa,  the  Chimea,  and 
Sinai,  in  the  Miocene  of  Corsica,  and  of  the  Bavarian  Alps.  It  is 
found  in  the  Pliocene  of  Java  and  in  the  Cainozoic  deposits  of  New 
Zealand.  It  is,  as  Lovenia^  a  Becent  genus  of  great  beauty ;  and  there 
are  three  species — one  from  the  gulf  of  California,  one  from  China, 
Japan,  and  the  Sandwich  Islands,  and  a  third  from  the  Bed  Sea,  tlie 
Philippines,  and  the  Australian  coast. 

A  great  Schizaster  is  found  in  the  Adelaide  Tertiaries,  and  it  is 
undistinguishable  from  Schizaster  ventrieosus  of  the  Australian  fauna. 

The  Micraster  noticed  by  Laube  and  Etheridge  is  not  unlike  some 
European  forms,  and  has  a  most  Cretaceous  appearance ;  but  in  a 
specimen  in  the  British  Museum  there  are  faint  indications  of  a 
lateral  fascicle. 

The  new  genus  Megalaster  is  represented  by  one  species ;  it  re- 
calls the  Cardiasters,  but  there  are  generic  diflferences  in  the  relative 
size  of  the  pores  of  the  poriferous  zones,  and  in  the  absence  of 
fascicles  in  the  new  form.  Nevertheless  the  position  of  the  mouth 
and  the  general  shape  recall  the  Cardiasters  described  by  Stoliczka  in 
his  monograph  on  the  Echinodermata  of  the  Cretaceous  deposits  of 
Southern  India.  The  size  of  the  species  is  great,  and  perhaps  is 
only  surpassed  by  Plagumotus  at  the  present  day.  It  is  probably 
an  extinct  form,  and  was  a  remnant  of  the  Cretaceous  fauna  which 
died  out  in  the  Miocene. 

Vn.  Condusions. 

It  will  have  been  noticegd  from  the  description  of  the  species,  and 
from  the  summary  just  given  of  their  peculiarities  and  alliances, 
that  the  Australian  Cainozoic  Echini  are  remarkable  as  a  fauna. 
A  portion  of  the  assemblage  looks  very  recent ;  another  appears  as 
if  it  had  been  selected  from  distant  recent  faunas  ;  and  a  third  has 
an  evident  affinity  to  that  of  the  present  Australian  seas.  Then 
liie  presence  of  such  genera  as  Temnechinus,  Echinolampas,  Pygth- 
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rkynchMs^  and  EiipatcLgus  gives  a  Nnmmulitio-of-Europe-and-India 
focies  to  the  fauna,  whilst  the  Cretaceous  aspect  is  presented  by 
Catop^guSy  Holastery  Mia-asier,  and  the  Rhyncho^vygus  with  the 
Anandiytic-looking  apex. 

It  is  eTident  that  this  Cainozoic  fauna  contains  the  elements  of 
two  p^rerions  ones,  and  that  it  foreshadowed  a  part  of  the  recent 
Am^raHan,  whilst  some  of  its  species,  with  some  modificatious,  re- 
semhle  those  of  the  neighbouring  seas.  The  general  facies  of  the 
whole  is  older  than  is  warranted  by  the  geological  position. 

Nearly  all  the  genera  are  peculiar  from  their  great  vertical  or 
horisontid  range,  the  exceptions  being  in  the  cases  of  Arachnoides 
and  Mardia.  Two  of  the  three  species  which  are  common  to 
the  Gainosoic  and  Becent  faunas  have  a  wide  distribution  in 
the  Pacific,*  and  one  also  in  the  Atlantic.  Four  of  the  species 
which  resemble  recent  Australian  forms  to  a  certain  extent  are 
very  characteiistic.  They  are  Leiocidaris  australicBy  Arachnoides 
Loitm,  Ewpatagus  Lauhd^  and  Lovenia  (Hemipatagus)  Forbesi, 
They  give  the  so-called  Miocene  facies,  which,  however,  is  suffi- 
ciently ind^nite.  This  appearance  is  added  to  by  the  other  species 
belonging  to  genera  still  existing  in  the  neighbouring  seas,  the 
scattering  of  forms  having  been  £rom  South  Australia  to  the  east  and 
especially  to  the  north. 

Of  25  genera  belonging  to  the  recent  Australian  fauna  only  7 
are  represented  in  the  Australian  Cainozoic  deposits — namely,  Arach- 
wfidegj  Eckinobrissus,  EupatagtUy  Lovenia,  Sckizaster,  Eckinanthus, 
and  Eehinarachnius,  The  most  truly  Australioid  genera,  and  those 
which  give  the  facies  to  the  recent  fauna,  are  not  found  in  the 
deposits;  for  no  species  have  been  discovered  of  Strongylocentrotus^ 
MierocyphHS,  Salmaeis,  Amhlypneustes^  and  Holopneustes,  Theso 
Ednnoidea  were  not  then  on  the  area ;  and  their  place  was  occupied 
by  nnmerous  Spatangoids,  most  of  which  foreshadowed  those  of  the 
Becent  fauna ;  and  these,  from  their  range,  are  not  very  character- 
istic of  it. 

The  spines  which  were  found,  but  not  associated  with  their  tests, 
resemble  those  of  some  recent  Australian  genera,  such  as  Phyllacan- 
iJbttf,  Gk^niocidarisy  SUphatwcidaris  and  Brissusi  the  nature  of  the 
spines  of  Leiocidaris  australias  from  the  Cainozoic  is  unknown.  It 
is  not  safe  to  argue  from  such  resemblances  concerning  specific  or 
even  generic  relationships;  but  nevertheless  the  presence  of  the 
spines  should  be  an  incentive  to  the  further  search  for  Cidaridae. 

It  is  interesting  to  find  the  fossil  Echini  affording  the  same 
evidences  as  the  fossil  corals  respecting  the  affinities  of  the  Cainozoic 
and  recent  Australian  faunas.  Of  the  31  species  of  corals  not  one 
has  yet  been  found  in  the  recent  coral  fauna ;  and  out  of  20  recent 
Australian  coral  genera,  only  three  very  worldwide  ones  are  repre- 
sented in  the  Cainozoic  deposits. 

It  was  remarked  in  the  essay  on  the  fossil  corals  that  they  ap- 
peared to  have  a  facies  of  the  fauna  of  the  seas  to  the  north  of 
extratropical  Australia ;  and  this  holds  good  for  the  Echini.  The 
inference  that  there  was  then  a  warmer  climate  in  the  southern 
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districts  and  seas  dose  by  was  deduced  from  the  examinatioii  of  the 
shells  by  Mr.  Jenkins  ("  Austr.  Tert.  Corals/'  Quart.  Joum.  Geol.  Soc. 
1870,  p.  318);  and  the  vegetation  of  the  lignites  which  are  at  the 
base  of  the  Cainozoic  series  is  stated  by  Miiller  and  Etheridge  to 
indicate  a  more  tropical  climate  than  the  present.    The  proof  of 
the  former  extension  of  the  coral  isotherm  to  the  south  of  the  area 
of  these  Cainozoic  deposits  has  been  afforded  by  the  presence  of  reef  • 
building  fossil  corab  in  the  corresponding  deposits  of  Tasmania ;  and 
thus  the  existence  of  former  warmer  climates  and  wanner  sea-tracts 
receives  confirmatory  evidence  *. 

The  geology  of  these  Australian  deposits  was  sufficiently  described 
from  the  elaborate  surveys  of  the  Victorian  geologists  in  the  essay 
on  the  fossil  Madreporaria ;  and  it  is  therefore  not  necessary  to  re- 
introduce the  subject.     But  it  is  advisable  to  remember  that  very 
considerable  physical  changes  have  occurred  since  the  deposition  of 
the  strata  containing  the  Madreporarian  and  Echinodermal  faunas, 
although  some  of  the  fossils  are  so  very  recent-looking.    A  vast 
outflow  of  basalt  covered  these  Lower  Cainozoics ;  and  an  upheaval 
took  place  of  the  coast-line  of  some  hundreds  of  feet.    Then  the 
upper  or  gold-drifts  collected  on  the  basalt  or  on  the  strata  where 
tncovered,  they  being  the   results  of   subaerial  denudation.      A 
second  basaltic  outflow  covered  these ;  and  the  flnal  elevation  of  the 
coast-line  followed,  the  marine  Cainozoics  being  found  up  to  600 
feet.     Since  then  the  rivers  have  cut  valleys  through  these  deposits, 
and  the  alluvium  has  collected  in  which  and  in  contemporaneous 
caves  the  remarkable  fossil  Marsupial  fauna  has  been  preserved — 
a  relic  of  the  remote  past  foreshadowing  the  present  faana.    Since 
then  the    climate  has  changed,  and   the    coral   isotherm  is  now 
many  degrees  to  the  north ;  and  probably  since  the  lifetime  of  the 
Echini  which  form  the  subject  of  this  essay,  the  worldwide  eleva- 
tions and  subsidences  which  terminated  the  Miocene  have  occurred. 


EXPLANATION  OP  THB  PLATES. 

Plate  IIL 

Fig.  1.  ddaria  (Leiocidaris)  australia^  sp.  n.,  fragment,  showing  half  an  am- 
bulacrum, natural  size. 

2.  Part  of  the  same,  enlarged,  showing  an  interambulacral  plate,  and 

half  the  corresponding  part  of  the  ambulacrum. 

3.  Ihnnechinua  lineatus,  sp.  n.,  side  riew,  natural  size. 

4.  The  same,  abactinal  surface,  wanting  the  apical  system,  natural  size. 

5.  Portion  of  the  same,  enlarged. 

6.  Arachwndes  Loveni^  sp.  n.,  abactinal  surface,  natural  size. 

7.  The  same,  an  ambulacrum,  three  times  natural  size. 

8.  Aracknoidts  elongattt^  sp.  n.,  side  riew  of  test,  natural  size. 

9.  Rhynchopyffus  dvmsierotdet,  sp.  n.,  side  view  of  test,  natural  size. 

10.  The  same,  apical  system,  enlarged. 

11.  Echinobrissus  australuBf  sp.  n.,  abactinal  surface,  natural  size. 

12.  Holaster  australi<e,  sp.  n.,  side  view  of  test,  natural  size. 


*  P.  M.  Duncan,  Quart.  Joum.  Qeol.  Soc.  vol.  xx^ii.  p.  345. 
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IX  The  same,  apical  ByBtem,  enlarged. 

14.  EupataguM  rotundus^  sp.  n.,  side  Tiew  of  tett,  natural  size. 

15.  The  same,  apical  Rjstem  and  fasciole,  natural  size. 

16.  The  same,  actinal  sorfaco,  showing  peristome  and  floeoelle,  natural 

sise.    a,  a  tubercle,  enlarged. 

17.  The  same,  periproot  and  si^Muud  fasciole,  natural  size. 

18.  I^tpataguMLttubei,  sp.  n.,  apical  system  and  fietfcioles,  twice  natural 


PlatiIV. 

Fig.  1.  MortHa  anomala,  up,  n.,  abactinal  surface,  natural  size. 

2.  Tlie  nme,  actinal  surface. 

3.  Boss  of  a  tubercle  of  the  same,  from  abore,  enlarged. 

4.  The  aame,  side  view. 

5.  Lovmia  Forbeti,  Woods  and  Duncan,  from  abore,  natural  size. 

6.  The  same,  periproct  and  subanal  fasciole,  twice  natural  size. 

7.  Plastron  of  the  same,  three  times  natural  size. 

8.  Abactinal  Burfiu»  of  the  same,  about  four  times  natural  size. 


DiSOUBBION. 

Mr.  Eyaks  was  glad  to  find  t^at  this  subject,  concerning  which  he 
had  lately  expressed  his  own  views,  had  been  taken  up  by  the 
anthor;  but  he  thought  it  possible  that  Dr.  Duncan  would,  on 
further  consideration,  be  inclined  to  modify  somewhat  the  theory 
promulgated  in  this  paper  in  favour  of  some  other  view.  In  order 
to  account  for  the  occurrence  of  reef-building  corals  of  Miocene  age 
in  latitudes  now  too  cold  for  them,  the  author  had  reverted  to  the 
M  idea  of  the  vertical  position  of  the  poles.  If  the  interior  of  the 
earth  is  fluid,  a  sliding  crust,  such  as  the  speaker  had  formerly 
suggested,  is  possible,  though  it  would  be  difficult  to  prove  the  ex- 
istence of  a  fluid  interior,  and  still  more  difficult,  did  that  exist,  to 
prove  that  the  crust  would  slide  on  it.  But  even  supposing  the  earth 
to  be  a  nearly  solid  body,  elevations  and  depressions  enough  must 
take  place  on  the  surface  to  alter  the  relative  positions  of  the  poles 
with  regard  to  the  surface  of  the  earth.  Because  there  were  proofs 
of  warmer  climate  having  existed  in  Miocene  times  in  Greenland, 
near  the  one  pole,  and  in  New  Zealand  near  the  other,  there  was  no 
need  to  suppose  that  belts  of  warmer  temperature  had  extended 
nearer  the  poles  than  at  present ;  for  the  same  sliding  of  the  crusf 
that  brought  Greenland  nearer  the  equator  would  also  bring  New 
Zealand  nearer  the  tropics,  both  being  on  nearly  the  same  meridian, 
but  on  opposite  sides  of  the  globe.  The  subject  was  one  that 
deserved  the  attention  of  geologists,  as  it  lay  at  the  root  of  many 
important  questions  affecting  the  past  history  of  the  earth. 

Professor  Hughes  believed  implicitly  what  the  astronomers  told 
him  must  be ;  and  if  observations  on  the  distribution  of  life  neces- 
sitated any  thing  more  than  such  alterations  of  climate  as  could  be 
accounted  for  by  geographical  changes  and  modification  snd  adapta- 
bility in  the  forms  of  life,  he  would  prefer  to  leave  it  as  one  of  the 
many  things  he  could  not  explain,  than  accept  an  explanation  in- 
consistent with  accepted  astronomical  theories.  If,  as  explained  by 
Sir  John  Herschel,  tiie  transference  of  large  masses  from  one  part 
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of  the  earth's  surface  to  another  wotild  disturb  the  equilibrium,  we 
must  remember  that  this  action  would  be  mostly  compensatiye;  and 
if  the  cumulative  effect  of  many  such  disturbances  might  be  a  partial 
readjustment  of  the  mass,  we  must  re^^ard  such  morements  only  as 
a  tendency  to  keep  the  whole  mass  and  its  axis  of  rotation  as  it  was 
in  spite  of  the  transference  of  portions  from  one  place  to  another 
by  denudation.  Moreorer  he  disputed  the  data  on  which  the  Tiews 
adyocated  by  both  the  present  and  the  late  President  were  founded. 
He  asked  whether  we  should  say  that  the  climate  of  the  period  of 
our  older  river-gravels  was  that  of  Egypt  or  of  Northern  Siberia, 
seeing  that  the  Corhictda  fluminalis  and  Unio  ItUoralts  were  now 
found  only  much  further  south  ;  while  the  hairy  elephant  and  rein- 
deer, which  had  once  lived  with  them,  were  now  held  to  prove  an 
arctic  climate.  When  we  know  that  flowering  plants  and  ever- 
greens  now  live  in  Alpine  regions,  where  they  are  buried  in  total 
darkness  under  snow  for  four  months,  shall  we  say  that  the  absence 
of  light  would  render  it  impossible  for  evergreens  and  flowers  to 
have  flourished  where  the  arctic  winter-night  is  four  months  long, 
even  though  we  could  account  for  a  milder  dimate  by  geographlod 
changes? 

Mr.  WooDWABD  remarked  that  as  it  was  not  merely  a  question  of 
one  fauna  and  flora,  Mr.  Hughes's  statements  must  be  received  with 
caution.  There  were  evidences  in  northern  latitudes,  not  only  of  a 
Miocene,  but  also  a  Carboniferous,  a  Jurassic,  and  Cretaceous  flora. 
Nor  was  it  a  question  merely  of  lowly  organized  plants  which  would 
be  more  likely  to  withstand  the  climate ;  for  Prof.  Nordenskiold  had 
found  tree-trunks  standing  erect  in  the  soil  in  which  they  grew ;  and 
it  was  impossible  for  them  to  have  grown  in  a  climate  so  rigorous  as 
now  exists  at  that  latitude.  If  the  geologists  are  wrong  in  the  con- 
clusions they  have  drawn  from  these  facts,  let  the  astronomers  show 
them  how  to  account  for  the  occurrence  of  fossils  indicative  of  sudi 
a  warm  climate  in  such  high  northern  latitudes ;  for  the  absence  of 
cold  must  be  accounted  for  to  explain  the  growth  of  these  trees  in 
that  spot. 

Prof.  Aksted  maintained  that  the  geologists  had  certain  natural- 
history  facts  on  their  side  with  r^ard  to  the  occurrence  of  fossils 
near  the  poles;  it  remained,  therefore,  for  the  astronomers  and 
physicists  to  And  a  new  theory  to  account  for  these  facts. 

Prof.  Gbeen  thought  that  the  astronomers  should  be  asked  if  the 
change  of  axis  was  a  possible  explanation,  and  to  calculate  what 
would  be  the  result  of  a  change  in  the  distribution  of  land  and  sea, 
and  how  such  a  change  would  affect  the  position  of  the  poles.  The 
question  was  one  of  mechanics. 

Mr.  SoBBT  considered  that  the  amount  of  heat  and  light  received 
from  the  sun  should  also  be  taken  into  account,  and  the  fact  that 
this  may  have  varied  at  different  periods. 

6ir  Antonio  Brady  stated  that  there  were  many  facts  which 
tended  to  prove  that  the  sun  had  varied  in  heat  &c.  But  the  sun 
had  probably  little  to  do  with  the  warmer  climate  of  the  poles  in 
past  ages.     The  heat  of  the  earth  in  its  various  stages  of  cooling 
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would  be  snffidont  to  aocoont  for  these  changes  of  dimate  on  the 
sufftoe  of  the  globe. 

Prof.  Ramsay  oonld  not  agree  with  the  last  speaker  in  thinking 
that  radiation  in  cooling  wonld  produce  any  palpable  effect  on  the 
surface  of  the  globe.  80  far  from  there  being  any  proof  that  the 
dimate  had  been  gradually  growing  colder  £rom  tbe  earliest  times 
down  to  the  present  date,  tiiere  was  every  eyidence  to  show  that 
gladal  periods  had  recurred  at  different  periods  in  past  time.  Dr. 
Duncan  and  Mr.  Eyans  had  merdy  given  suggestions,  but  had  not 
■dred  the  problem  and  proved  that  the  poles  did  not  occupy  the 
same  position  in  Miocene  times  that  they  do  today.  Darwin  and 
Dana  were  both  agreed  in  thinking  the  present  continents  to  be  of 
ertieme  antiquity.  Great  elevations  of  land  had  taken  place  prior 
to  the  Miocene  epoch.  The  Alps  and  the  Himalayas  were  both 
pre-Miocene,  and  were  probably  higher  in  pre-Miocene  times  than 
at  present,  having  been  subjected  to  great  denudation. 

Mr.  Gwnr  Jkffbsts  pointed  out  that  certain  spedes  of  shallow- 
water  mollusca  now  found  in  the  Arctic  Ocean  had  formerly  in  post- 
Tertiary  times  lived  as  far  south  as  Sicily. 

Dr.  WsioHT  remarked  that  there  was  a  wonderful  similarity  be- 
twerai  the  Miocene  echinoderms  from  Australia  and  those  found  at 
Malta. 

Pntf .  Mossis  conddered  the  abundance  of  Echinoderms  bdonging 
to  the  Spatangdd  group  in  these  Australian  beds  to  be  very  interest- 
ing. The  feature  presents  itself  in  the  New-Zealand  Tertiaries, 
where  forms  allied  to  Arachnoides  occur.  The  distribution  of  these 
Ediinoderms  in  New  2^aland  was  ezcesdvdy  complex  and  difficult 
to  undontand.  There  was  a  remarkable  similarity  between  the 
Miooraie  floras  of  Greenland  and  Central  Europe ;  and  the  question 
to  be  ad^ed  was,  Did  they  spread  over  a  continent  formerly  existing 
between  these  points,  or  had  they  emigrated  from  some  one  centrd 
spot? 

Dr.  DuircAir,  in  reply,  stated  that  it  was  only  by  the  united  inves- 
tigattons  of  all  students  of  geology  Uiat  the  question  could  be  in  any 
way  settled.  The  belief  in  the  recurrence  of  glacial  epochs  was 
founded  on  some  erroneous  condudons  drawn  from  beds  in  South 
Africa,  which  were  really  nothing  more  than  a  volcanic  dyke,  and 
from  some  depodts  in  India  at  the  base  of  the  Himalayas.  The 
Miocene  plants  could  not  have  existed  without  suffident  light,  and 
tiier^re  could  not  have  extended  so  far  north  under  conditions  d- 
milar  to  the  present.  The  Echinoderms  did  certainly  present  a 
striking  resemblance  to  those  found  in  the  Miocene  beds  of  Malta ; 
hut  there  were  still  suffident  specific  differences  to  justify  him  in 
describing  them  as  distinct. 
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5.  OBSBBYATioirs  oTi  the  LiTEB  Tertubt  GteoLooT  of  Eabt  Airexa^. 
By  Seables  v.  Wood,  Esq.,  jun.,  F.Q.S.,  and  fREDEBic  "W. 
Habmeb,  Esq.,  F.G.S. ;  with  a  Note  by  S.  V.  Wood,  Esq.,  F.Q^., 
author  of  the  ^Crag  MoUusca,'  on  iotne  New  Occurrences  of 
Species  o/'Mollitbca  in  the  Crjlq  and  Beds  superior  to  it. 
(Read  November  8, 1876.) 

CoNTEElB. 

1.  The  unfbfl8iliferou0  nnds  of  the  Bed  Cm. 

2.  The  anoonformity  between  Uie  Lower  and  Middle  Glacial  beds ;  and  the 

intergUcial  yalley-excaTation. 

3.  The  consideration  of  the  mode  in  which  the  Middle  Glacial  series  was 

accumulated,   and  of  the  way    in  which  the  sequence  of  the  beds 
posterior  to  the  Lower  Glacial  series  is  to  be  traced. 

Ik  writing  the  Introduction  to  the  *  Supplement  to  the  CragMoUusca,' 
issued  by  the  Palaeontographical  Society  (for  1871),  our  object  was, 
with  the  help  of  the  Map  and  Sections  accompanying  it,  to  give  only 
such  a  compressed  or  synoptical  account  of  the  researches  on  which, 
we  had  for  several  years  been  engaged  as  would  enable  geologists 
to  perceive  the  results  at  which  we  had  arrived  respecting  the  suc- 
cession of  the  beds  posterior  to  the  Crag  in  the  East  of  England. 
We  considered  that  as  the  officers  of  the  Geological  Survey  had  com- 
menced the  examination  of  the  district,  and  would  eventusily  publish 
a  detailed  account  of  the  sections  and  other  evidence  beanng  upon 
that  succession,  we  should  have  only  encumbered  scientific  publica- 
tions by  bringing  forward  in  greater  detail  the  physical  evidence 
which  we  had  collected,  and  which  had  led  us  to  the  conclusions  of 
which  we  thus  gave  a  representation,  the  evidence  of  organic  remains 
which  we  had  collected  being  given  by  the  author  of  the  *Crag 
MoUusca '  in  the  tabular  lists  which  accompany  the  Supplement  to 
that  work. 

ITiere  are,  however,  some  subjects  referred  to  in  that  "  Introduc- 
tion" upon  which  we  have  made  subsequent  observations  that  we 
desire  to  bring  forward ;  and  there  is  one  in  particular  upon  which 
we  touched  only  slightly,  the  break  between  the  Lower  and  Middle 
Glacial  deposits,  which  from  its  geological  importance  it  is  desirable 
should  be  shown  in  some  detail,  in  order  that  while  the  officers  of 
the  Survey  are  engaged  upon  the  district  it  may  receive  from  them 
the  scrutiny  which  it  merits. 

1.  The  Unfo8siliferou8  Sands  of  the  Red  Crag, 

The  first  subject  on  which  we  have  to  remark  is  that  of  the  un- 
fossiliferous  sands  overlying  the  Bed  Crag.  These  sands  have 
long  been  a  subject  of  perplexity  to  one  of  us ;  and  in  reference  to 
them  we  observed,  in  the  before-mentioned  "Introduction'*  (p.  viii), 
that  "  we  did  not  think  tiiey  represented  the  Chillesford  sands,  as 
they  neither  contained  the  Chillc^ord  shell-bed,  nor,  though  some- 
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times  twenty  feet  tMck,  did  they  present  any  traces  of  the  Chilles^ 
ford  Clay  over  them." 

In  some  of  the  excavationB  for  the  extraction  of  phosphatic  nodules 
(eoprolites)  these  sands  seem  to  pass  down  into  the  Bed  Crag  by  thin 
fleams  of  oomminnted  shell ;  bat  in  oliiers  they  present  an  appearance 
which,  in  the  case  of  other  formations,  would  be  regarded  as  dearly 
indicatiTe  of  xmoonformity ;  for  their  stratification  is  wholly  indepen- 
dent of  ^e  shelly  crag  beneath  them,  while  the  sands  themselves 
often  overlap  and  envelop  the  latter.  In  some  instances  (but  these 
are  the  exception)  they  present  the  same  oblique  stratification  which 
is  possessed  by  the  greater  part  of  the  shelly  beds  of  the  Bed  Crag. 
In  others,  sach  as  that  shown  in  section  III.  (page  81),  detached  and 
apparently  disconnected  portions  of  the  shelly  crag  are  imbedded  in 
these  sands,  just  as  though  they  were  transported  masses  imbedded 
while  the  sands  were  being  accumulated. 

Kg.  1. — Section  /.,  in  a  CoproliU-pit  one  mile  and  a  half  north- 
west  of  Waldringfield  <hurch.     (Scale  10  feet  to  the  inch.) 


a.  B«d  Crag,  unaltered  and  full  of  shells. 

b.  Bed  stratified  sands,  being  a  altered  and  restratified. 
•.  Seam  of  flint-pebbles. 

c.  Pipe  filled  wiUi  sand  traversing  both  the  altered  and  unaltered  Crag. 

The  above  section  (I.)  represents  the  usual  way  in  which  these 
nnds  overlie  the  shelly  crag,  so  far  as  their  stratification  is  con- 
cerned ;  but  in  that  section  another  stratification  occurs  in  a  band  of 
pebbles  which,  while  conformable  to  that  of  the  shelly  crag  where 
it  is  included  in  that  material,  cuts  obliquely  across  the  horizontal 
stratification  of  the  imfossiliferous  sands. 

It  has  long  been  known,  and  it  is  mentioned  by  Mr.  Prestwich  in 
hk  paper  on  the  Bed  Crag  *,  that  these  sands  occasionally  include 
ironstone  casts  of  Crag  shells.  These  we  have  found  loose  in  them. 
Mr.  Whitaker  also,  about  two  years  ago,  discovered  in  a  pit  throe 
quarters  of  a  mile  N.E.  of  Kesgrave  church,  some  bands  of  ironstone 
in  these  unfoesiliferous  sands  which  contained  numerous  and  well- 
preserred  impressions  of  Bed-Crag  shells,  to  which  he  called  the 
attention  of  one  of  us,  expressing  his  opinion  that  the  sands  in  which 
these  bands  of  ironstone  occur  had  once  been  fossiliferous  like  the 
shelly  crag,  but  had  been  deprived  of  their  shells  by  the  action  of 
acidulated  waters. 

The  difficulties  in  the  way  of  that  view  appeared  to  us  to  be,  that 
the  lioe  dividing  the  shelly  crag  from  these  sands  was  abrupt,  no 

*  Quart.  Journ.  Geol.  Soc.  Tol.  xzvii.  p.  330. 
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fiigns  of  any  gradual  disappearance  of  the  shells  by  the  abstractixi^ 
agency  being  apparent,  and  also  that  the  dividing  line  was  very 
irregular,  the  shelly  crag  often  rising  in  a  boss  or  prominence  (as  in 
sections  I.  and  II.).  The  unfossiliferous  layers  underlying  in  some 
cases  detached  portions  of  shelly  material,  as  in  section  III.,  also  pre- 
sented a  difficulty.  In  addition  to  these  was  the  presence  not  merely 
of  a  separate  and  independent  stratification,  but  the  circumstance  of 
bands  of  ferruginous  loam  at  the  base  of  the  sands,  sometimes,  as  in 
section  II.,  enwrapping  in  an  entirely  unconformable  way  pro- 
minences of  shelly  crag. 

Fig.  2. — Section  IL,  in  a  pit  three  furlongs  east  of  Great  Bealings 
church.    (Scale  10  feet  to  the  inch.) 


a  and  6  ad  in  fif.  1. 

b\  Sand  of  daiiE,  partly  indurated,  ferruginous  loam. 

Notwithstanding  these  difficulties,  however,  we  are  inclined  to 
think  that  the  view  expressed  by  Mr.  Whitaker  is  correct ;  and  we 
have  been  principally  led  to  that  conclusion  by  the  detection  of  the 
band  of  pebbles  shown  in  section  I.,  which  seems  clearly  to  indicate 
that  the  original  oblique  stratification  of  the  Crag  once  prevailed 
through  these  sands,  and  that  the  agent  which  abstracted  the 
calcareous  material  was  inoperative  upon  the  pebble-band,  which 
remained  as  part  of  the  original  stratification.  If  this  view  is 
correct,  it  is  clear  that  in  many,  indeed  in  most,  oases  the  material 
has  been  so  £eu:  restratified  in  the  process,  that  the  present  stratifica- 
tion of  the  sands  is  often  as  unconnected  with  the  original  stratifica- 
tion of  the  deposit  as  is  cleavage  or  jointing  in  the  cases  of  the  old 
rocks. 

In  saying  this,  however,  we  would  not  be  misunderstood  as 
suggesting  that  there  has  been  a  rearrangment  of  the  whole  of  the 
original  material  of  the  Crag,  because,  since  the  originally  oblique 
bedding  of  the  pebble-seam  remains  unaltered,  it  is  evident  that  the 
arrangement  of  the  sand  particles  among  which  this  was  imbedded 
cannot  have  changed,  or  the  position  of  the  pebble-seam  would  have 
changed  with  them.  It  is  the  argillaceous  and  ferruginous  material 
taken  up  by  the  percolating  water  which  has  been  redeposited,  so  as 
to  form,  in  combination,  the  coloured  threads  and  bands  which  give 
rise  to  this  apparently  new  stratification. 

It  not  unfrequently  happens  that  the  sands  and  the  shelly  Crag 
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boietttii  are  peneirated  alike  by  sand-pipes,  which  cut  through  the 
Btratification  of  the  sands  and  the  sheUy  Crag  beneath,  as  shown  in 
a  detached  portion  of  section  I.  It  is  obvious  that  the  percolation 
piTodacini?  this  pipe  must  have  been  posterior  to  the  abstraction  of 
the  calcareous  material  and  restratification  of  the  sands  through 
which  it  passes  ;  and  indeed  the  sharply  distinct  line  of  denudation 
which  occurs  between  these  seemingly  stratified  sands  and  the 
Middle  Glacial  gravel  overlying  them  suggests  that  the  abstraction 
of  the  shelly  material  and  restratification  of  the  sandy  residuum 
preceded  the  deposit  of  this  gravel. 

If  WB  ri^tly  gather  the  view  of  Mr.  Prestwich  from  the  sections 
which  accompany  his  paper  already  referred  to,  and  from  the  re- 
marks at  (and  following)  page  333  of  that  paper,  he  regards  these 
unfoaoiliferous  sands  as  belonging  to  his  upper  or  Chillesford  division 
of  the  Bed  Crag ;  but  in  this  we  do  not  agree,  not  merely  for  the 
reasons  we  have  quoted  from  our  *'  Introduction,''  but  because  the 
shells  of  which  tiie  ironstone  casts  have  been  preserved  militate 
against  that  view.      So  far  as  we  are  aware,  none  of  the  shells 
characteristic  of  the  newer  (or  Butley)  portion  of  the  Bed  Crag  or 
of  the  Chillesford  bed,  such  as  Scrobictdaria  piperata^  Leda  oblon- 
goideSy  L.  laneeolnta,  Nucule  Cobboldice,  Mya  truncata  S^c,  are  in- 
dicated by  these  oasts ;  while,  on  the  other  hand,  there  occur  among 
them  aumerous  well-preserved  impressions  of  such  shells  as  Cardium 
angugtatum^  and  ihe  gigantic  variety  of  Mactra  ovcdis.     Now  Car^ 
dium  angugtatum  is  an  extinct  form  peculiarly  characteristic  of  that 
portion  oi  the  Bed  Crag  which  remains  unaltered  beneath  the  sands 
containing  these  casts,  and  in  which  it  abounds,  and  is  unknown  in 
the  Chillesford  bed,  and,  with  the  exception  of  a  solitary  specimen 
mentioned  by  Mr.  A.  Bell  from  Thorpe  by  Aldbro!,  is  unknown  also 
in  the  fluvio-marine  crag.    Mactra  ovalis  is  common  enough  in  the 
Chillesford  bed,  as  it  is  also  in  Glacial  and  Postglacial  beds ;  but  the 
gigantic  variety  of  which  impressions  occur  among  these  oasts  is 
peculiar  to  the  Bed  Crag  itself,  and  is  unknown  both  in  the  Chilles- 
ford bed  and  the  fluvio-marine  crag.     If  therefore,  Mr.  Whitaker's 
view  that  these  unfossiliferous  sands  represent  what  was  once  shelly 
crag  be  correct,  that  crag  can,  we  think,  have  been  none  other  than 
ibe  same  as  that  which  still  remains  unchanged  beneath  such  sands. 
The  uniform  absence  of  the  Chillesford  Clay  over  the  Bed  Crag, 
wherever  this  is  exposed  between  the  Butley  creek  and  the  Stour, 
and  its  replacement  by  the  sands  and  gravels  of  Middle  Glacial  age, 
as  exhibited  in  section  m.  (p.  81),  show,  when  coupled  wilh  its  pre- 
seofie  to  the  south  of  the  Stour  at  Walton  Naze,  that  this  clay  suf- 
fered a  considerable  denudation  before  the  deposit  of  those  sands  and 
gravds;  but,  as  we  shall  see  in  examining  the  evidences  of  the 
break  between,  the  Lower  and  Middle  Glacial,  the  Chillesford  Clay  is 
not  the  only  bed  which  was  removed  from  this  area  between  the 
dose  of  the  Crag  and  the  deposition  of  the  Middle  Glacial ;  for 
during  this  interval  the  Contorted  Drift  which  once  overspread  the 
Bed  Crag  has  also  been  denuded  from  it,  as  outliers  of  that  forma- 
tion  remaining  in  considerable  thickness  prove.    Whether  both  the 
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Chillesford  Clay  and  the  Contorfced  Drift  were  removed  by  one  and  the 
same  denudation,  no  evidence  has  as  yet  been  found  to  detenniDe, 
because  none  of  the  seetions  in  these  outliers  of  the  Contorted  Drift 
have  been  carried  sufficiently  deep  to  disdose  it.     The  thic^em  of 
this  Drift  in  one  of  the  outliers,  at  Eesgrave,  section  XX.  (page  104^, 
would  appear,  from  the  well  sunk  below  the  bottom  of  the  excava- 
tions made  for  brickmaking,  to  exceed  50  feet;  but  it  is  not  unlikely 
that  the  lowest  portion  of  this  may  be  the  Chillesford  Clay,  because, 
this  day  being  equally  a  brick-earth  with  the  Contorted  Drift,  there 
would  be  nothing  to  indicate  in  the  workmen's  report  of  a  well- 
sinking  its  separate  existence  from  the  brick-earth  of  the  Contorted 
Drift  which  overlay  it.     If  therefore  the  Chillesford  beds  do  remain 
anywhere  over  the  area  bounded  by  the  Butley  creek  and  the  Stour, 
it  is  probable  that  they  do  so  in  the  way  suggested  in  sections  XX. 
and  XXI.  (pp.  104, 105),  carried  through  the  Contorted-Drift  outliers 
for  the  purpose  of  showing  the  unconformity  between  the  Lower  and 
Middle  Glacial  deposits  which  it  is  the  principal  object  of  this  paper 
to  describe ;  in  which  case  it  seems  probable  also  that  they  were 
removed  by  the  denudation  which  destroyed  so  much  of  the  Con- 
torted Drift  and  gave  rise  to  the  unconformity  in  question. 

2.  The  Unconformity  between  the  Lower  and  Middle  Gflacidl,  and  the 
Interglacial  Valley -excavation  which  is  connected  therewith. 

In  reference  to  this  unconformity  we  observed,  at  page  xx  of  ^e 
before-mentioned  '^  Introduction,"  *'that  the  breaking  off  of  this 
deposit  (the  Contorted  Drift)  into  outliers  southward  is  evidently  due 
to  a  great  denudation  of  tiie  Lower  Glacial  formation  prior  to  the 
accumulation  of  the  Middle  Glacial  sands,  which  occupy  to  a  great 
extent  troughs  or  valleys  in  the  Lower  Glacial  beds ;  and  that  it  is 
quite  possible  that  outUers  of  it  may  be  concealed  under  tiie  table- 
lands of  Middle  Glacial  sand  which  separate  the  East-Anglian  valleys 
from  each  other ; ''  and  we  added  that  *4t  was  clear  that  the  valley- 
system  of  East  AngHa  had  its  inception  in  that  denudation." 

The  existence  of  this  unconfomity  in  the  Glacial  series,  and  of 
this  interglacial  excavation  of  the  East-Anglian  valley-system,  is  of 
more  general  importance,  geologically,  than  at  first  sight  appears — 
because,  if  it  were  due  to  a  conversion  of  the  area  into  land  after  a 
considerable  submergence  had  occurred  giving  rise  to  the  Lower 
Glacial  deposits,  it  indicates  an  arrest  and  reversal  of  the  glacial 
subsidence  which  is  not  generally  admitted,  and  has  a  beanng  on 
one  of  the  theories  of  climate  which  has  lately  provoked  so  much 
discussion. 

In  entering  upon  this  subject  it  will  be  convenient  first  to  examine 
how  far  there  is  any  indication  of  the  valleys  of  Norfolk  and  Suffolk 
having  had  any  existence  prior  to  the  deposit  of  the  Glacial  beds. 

Commencing  with  the  long  natural  section  afforded  by  the  north 
coast  of  Norfolk,  we  find  that  while  the  surface  of  the  country 
intersected  by  that  coast  is  indented  by  deep  valleys,  an  almost 
level  floor  of  Chalk  extends  along  the  base  of  the  diff  where  these 
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Tallejrs  occur.  The  sar&oe  of  thiB  floor  is  a  few  feet  above  high- 
water  mark  at  the  western  extremity  of  the  coast  section  at 
Weybonm,  from  whence  it  descends  yery  gradually  in  a  space  of 
8  nulea  to  low-water  mark  at  Cromer,  rising  again  gpradnally  to  the 
beadi4eTel  about  Trimmingham,  where  for  a  yery  short  distance  it 
is  bent  up  into  an  arched  boss,  some  15  feet  aboye  the  beach,  and 
from  which  place  it  sinks  gradually  eastward  and  becomes  lost 
under  the  beach.  From  the  point  where  it  thus  disappears  its  place 
is  taken  by  beds  of  the  Preg^adal-forest  age  as  far  as  Hasboro' ;  so 
that  we  thus  are  enabled  to  trace  the  Preglacial  floor  for  a  distance 
of  nearly  20  miles,  and  perceive  that  it  is  entirely  unconnected 
with  the  valleys  which  indent  the  surfieuse  of  the  country  thus 
intersected. 

These  valleys  are  several  in  number,  the  deepest  being  that  in 
which  Cromer  stands,  and  which,  measured  from  the  top  of  the 
Lightiiouse  Hill,  has  a  depth  of  more  than  200  feet  *.  So  far  also 
from  this  valley  having  any  connexion  with  the  slight  depression 
in  the  Chalk  floor  towa^rds  Cromer  to  which  we  have  referred,  this 
hill  occupies  the  centre  of  that  depression.  The  valleys  thus 
intersected  are  seen  by  the  cliflf-section  to  be  cut  out  of  the  Cromer 
Till  and  overlying  Contorted  Drift,  which,  with  the  pebbly  sands 
underlying  and  interfoedded  with  the  base  of  the  Cromer  Till,  form 
what  we  have  termed  the  Lower  Glacial  series — a  formation  which, 
as  proved  by  the  height  attained  by  some  of  its  least-denuded  por- 
tions, must  before  denudation  have  had  a  total  thickness  of  nearly 
250  feet  in  this  part  of  Norfolk.  Covering  this  formation  in  a  more 
or  less  intermittent  way,  and  resting  always  on  a  deeply  marked 
denuded  snrfiice,  occurs  the  sand  and  gravel  which  we  have  referred 
to  Middle  Glacial  age.  This  sand  and  gravel  along  the  diff-section 
occupies  troughs  excavated  in  the  Lower  Glacial  deposit  below  it  in 
those  parts  where  it  extends  continuously ;  but  in  places  it  also  caps 
bills  formed  of  the  Contorted  Drift,  though  not  in  an  even  way ;  that 
is  to  say,  it  hangs  on  one  side  or  other  of  the  prominence  of  Contorted 
Drift,  showing  that  it  once  occupied  a  trough,  the  central  part  of 
which,  having  been  further  denuded  Posiglacially,  does  not  now 
retain  any  of  the  sand  and  gravel  in  it. 

As  we  have  in  the  sections  annexed  to  the  map  which  accom- 
panies our  '*  Introduction "  given  one  in  great  detail  of  this  cliff, 
we  refer  to  it  in  lieu  of  offering  a  representation  here. 

This  long  natural  section  thus  shows  us  that  the  valleys  are  in- 
dependent of  the  Pr^;lacial  floor  upon  which  the  Glacial  beds  rest, 
and  that  these  valleys  had  their  commencement  in  a  denudation 
which  intervened  between  the  uppermost  of  the  Lower  Glacial  series, 
tiie  Contorted  Drift,  and  the  deposition  of  the  Middle  Glacial  sand 
and  gravel ;  and  it  seems  to  us  that  all  the  evidence  afforded  by 

*  Cromer  Lighthoiue-bill  ii  giyen  in  the  Book  of  Lerela  paUiBhed  by  the 
OrdnADoe  department  as  248  feet  aboTe  Ordnance  datum,  and  there  are  stall 
higher  eleirations  in  the  neighhoarhood.  A  small  part  of  this  eleTation  is 
made  up  <nf  the  Middle  Glacial  sand ;  but  as  this  alwajs  lies  more  or  lees  in 
a  daottng  position,  very  litUe  deduetion  need  be  made  for  it 
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geological  mapping,  and  by  the  ntimerouB  inland  seodons  which 
occur  (so  far  as  any  remnants  of  the  Contorted  Drift  can  be  traced), 
is  entirely  in  accordance  with  the  state  of  things  thns  disclosed  b^ 
the  Norfolk  cliff,  the  interglacial  denudation  in  question  becoming 
greater  southwards,  so  far  as  Norfolk  is  concerned,  and  the  inter- 
glacial valleys  excavated  becoming  deeper  and  deeper  as  this 
denudation  increases,  so  that  inst^  of  forming  troughs  in  the 
Lower  Glacial  beds  only,  as  in  the  diff-section,  they  are  there  cut 
through  the  Lower  Glacial  beds  altogether,  and  down  into  the  Pre- 
glaciid  floor,  as  we  shall  endeavour  to  show. 

Before  doing  this;  however,  let  us  see  what  light  the  coast-section 
of  East  Norfolk  and  Suffolk  affords  upon  the  subject.  From  the 
point  where  the  Forest-bed  ceases,  east  of  Hasboro',  the  diff  is  very 
low,  and  the  Pregladal  floor,  being  beneath  the  beach,  cannot  be 
seen.  This  district,  however,  is  low  and  flat,  and  there  are  no 
valleys  beyond  slight  depressions  of  a  few  feet ;  and  from  Ecdes 
to  Winterton,  a  distance  of  10  miles,  there  is  no  diff  at  all.  From 
Winterton  southwards,  so  far  as  the  Lower  Glacial  beds  occur  (which 
is  but  slightly,  owing  to  the  intergladal  denudation  they  have 
undergone),  they  show  no  indication  of  having  been  deposited  in 
any  of  the  valleys  which  the  coast-line  intersects ;  for  had  they  been 
so  they  would  (notwithstanding  that  the  Pregladal  floor  is  bdow 
the  beach,  at  an  unknown  depth  and  invisible)  have  exhibited  a 
tendency  to  dip  into  those  valleys ;  but  they  do  not  exhibit  any 
such  tendency.  As  far  south  as  Yarmouth  the  diff  is  greatly  ob- 
scured by  blown  sand ;  but  south  of  Yarmouth  the  Ck>ntorted  Drift, 
denuded  to  a  small  thickness,  shows  itself  horizontally  at  the  base 
of  the  diff,  until  that  again  becomes  obscured.  For  a  considerable 
distance  inland  of  Yarmouth  and  to  within  about  4  miles  of  Nor- 
wich the  Pregladal  floor  is  concealed  at  an  unknown  depth  beneath 
the  waterline  of  the  country,  and  the  Middle  and  Upper  Glacial 
deposits,  dipping  into  the  valley  by  reason  of  the  interglacial  denuda- 
tion of  it  wluch  preceded  them,  conceal  much  of  the  Lower  Glacial 
in  that  part. 

South  of  Lowestoft,  along  the  coast-section,  the  Contorted  Drift 
has  been  almost  entirely  denuded,  and  the  Lower  Glacial  pebbly 
sands  underlying  it  have  suffered  from  the  same  cause  so  much  as 
to  occur  but  occasionally.  Where  they  do  remain,  however,  they 
maintain  their  horizontality,  and  so  mr  conflrm  the  general  uni- 
formity of  level  which  we  believe  the  Pregladal  floor  to  have 
possessed  in  this  part.  So  complete,  however,  has  been  the  denuda- 
tion of  the  Ck)ntorted  Drift  over  the  range  of  the  Suffolk  coast-section, 
that  its  former  spread  over  this  area  would  not  have  been  suspected 
were  it  not  for  the  thick  outliers  of  it  which  remain  far  away  in 
South  Suffolk,  and  one  or  two  nearer  exposures  of  it  inland  that 
rise  as  bosses  through  the  Middle  Gladal  sands  which  have  been 
bedded  around  them.  For  the  same  reason  its  spread  over  the  Bed- 
Crag  area  would  be  similarly  unsuspected,  inasmuch  as,  in  all  the 
numerous  sections  of  the  Bed  Crag  and  its  assodated  unfossiliferous 
sands  that  are  deep  enough  to  show  any  formation  resting  on  them, 
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this  cng  and  associated  sands  are  capped  directly  by  the  Middle 
Glacial  in  the  way  shown  by  section  III. 

Rg.  3.— Section  III.,  in  a  CoproliU-pit  by  FoxhaU  HM.  (The 
actual  section  was  in  sereral  terraces,  which  are  here  omitted. 
Height  of  section  45  feet.) 


c  Bed  Crag  nnaltored. 

h.  Bed  sands  and  partly  indurated  loamy  sand  horixontally  stratified,  being  a 

altered  and  reetratified. 
c  Middle  Olacial,  being  false-bedded  gravel  at  base  and  changing  upwards  into 

sfenUified  grarelly  sand. 

From  the  nniform  appearance  thns  presented  by  all  the  nnmeroas 
sections  along  the  flanks  of  the  Deben,  Orwell,  and  Stour  estuaries, 
not  only  would  it  appear  as  though  no  Ibrmation  had  intervened 
between  the  Red  Crag  and  the  Middle  Glacial,  but  also  that  the 
▼alleys  of  these  estuaries  had  been  excavated  subsequently  to  the 
deposit  of  the  Middle  Glacial.  The  exposures  of  the  Contorted  Drift 
to  which  we  shall  have  to  refer  aS  protruding  on  the  summits  of  the 
tablelands  dividing  these  estuaries  show,  however,  as  it  seems  to 
us,  that  this  was  not  the  case,  but  that  the  line  of  denudation  or 
unconformity  separating  the  Crag  from  the  Middle  Glacial  in  all 
these  sections  is  due  to  that  general  interglaciul  denudation  of  the 
Lower  Glacial  formation  to  which  the  East- Anglian  valleys  owe  their 
ineepduB. 

We  will  now  take  the  evidence  afforded  by  the  inland  sections  in 
illnstration  of  this  interglacial  denudation  and  valley-excavation, 
beginning  with  the  northern  extremity  of  the  area  mapped  by  us. 

In  the  west  of  Norfolk  and  Suffolk  the  chalk  floor,  though  over- 
spread with  Glacial  beds,  is  very  irregular ;  but  with  some  exceptions 
this  irregularity  does  not  appear  to  correspond  with  the  existing 
valleys  of  drainage.  In  the  central  and  eastern  portions  of  those 
counties,  however,  the  Chalk  and  London  clay,  wherever  exposed, 
indicate  a  similar  evenness  of  the  floor  upon  which  the  Glacial  beds 
repoee  to  that  which  we  have  described  as  being  exhibited  by  the 
cl^-seetion  of  northern  Norfolk. 

Q.J.G.S.  No.  129.  G 
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In  the  Quarterly  Journal  of  the  Society  for  1869  (vol.  xxv. 
p.  446),  we  gave  a  section  of  the  valley  of  the  Yare  at  Norwich., 
disclosed  by  the  sewer- works  of  that  city  then  in  progress. 

This  section,  which  crosses  the  Yare  valley  about  4  miles  west  of 
the  point  where  the  chalk  floor  rises  into  view  above  the  water-line 
of  the  rivers,  was  very  perplexing  to  us  at  the  time  ;  and  we  were  at 
first  driven  to  suppose  that  the  deep  hole  in  the  Chalk  in  whicii 
the  Middle  Glacial  sand  was  found  in  association  with  the  chalky 
day  beneath  the  river-level  (so  out  of  their  usual  place)  was  due 
to  some  exceptional  erosion  by  glacier  or  iceberg  agency.  A  study 
of  the  way  in  which  the  East- Anglian  valley-system  has  arisen,  how— 
ever,  has  satisfied  us  that,  whatever  may  have  been  the  eroding^ 
agency,  there  is  nothing  exceptional  in  this  occurrence,  and  that  it 
harmonizes  with  the  general  structure  indicated  by  the  nncon- 
formable  relation  of  the  Lower  to  the  Middle  and  Upper  Glacial 
deposits. 

Indeed,  in  a  foot-note  to  the  paper  just  quoted,  we  pointed  out 
that  the  erosion  under  consideration  was  connected  with  the  con- 
version of  the  Lower  Glacial  formation  into  land,  and  the  occupation 
of  the  valleys  in  it  by  ice  prior  to  its  depression  beneath  the  sea 
which  deposited  the  Middle  Glacial. 

We  have  here  reproduced  that  section  (fig.  4),  because  it  is  essen- 
tial to  the  proper  description  of  the  subject-matter  of  this  paper. 
The  dotted  lines  indicate  what  we  considered  at  the  time,  and  still 
consider,  to  have  been  the  excavation  of  the  Yare  Valley  subse- 
quently to  the  deposition  of  the  Contorted  Drift,  and  prior  to  that 
of  the  Middle  Glacial  sand. 

Whether  the  chalky  clay  (a)  associated  with  the  Middle  Gladal 
sand  in  the  hole  beneath  the  level  of  the  river  be  the  Upper  Glacial 
clay,  or  a  bed  of  clay  precisely  resembling  it,  which  occasionally 
occurs  beneath  the  Middle  Glacial  sand  in  some  valleys  (and  amongst 
them  the  upper  valley  of  the  Yare,  as  shown  in  section  V.,  p.  85)  is 
immaterial  to  the  subject,  because  it  leaves  the  excavation  of  the  val- 
ley subsequently  to  the  deposition  of  the  Contorted  Drift  unafiected, 
the  clay  in  question,  whatever  it  be,  being  an  entirely  difierent 
material  from  this  drift,  which  everywhere  in  the  neighbourhood 
around  is  a  red  semistratified  brick-earth.  The  sand  and  clay  (a  and 
b)  were  so  bedded  against  each  other  in  the  sewer-exoavation,  and 
so  flooded  with  water,  that  we  could  not  satisfactorily  learn  which 
overlay  the  other ;  but,  from  such  information  as  we  could  obtain, 
we  understood  that  their  relative  position  was  as  represented  in  the 
above  section :  we  have,  however,  since  been  told  by  one  of  the  work- 
men that  the  clay  was  over  the  sand,  in  which  case  it  would  be 
merely  the  ordinary  Upper  Glacial  clay  (6)  of  the  high  ground. 

No  doubt,  what  thus  appears  to  be  a  hole  below  the  river-level  * 

*  The  left  side  of  the  hole  is  drawn  perpendicular,  as  the  Chalk  was  very 
close  to  the  sewer-shafts.  The  excess  of  the  vertical  oyer  the  horizontal  scale 
of  the  section  greatly  exaggerates  the  slopes ;  but  in  the  case  of  the  sewer-exoa- 
vation the  perpendicularity  may  be  owinff  to  the  Olialk,  where  the  line  of 
section  traverses  the  interglacial  ralley,  having  formed  on  one  side  of  it  a  cliff. 
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is  merely  part  of  the  interglacially  denuded  valley,  which 
deeper  than  the  present,  and  extends  down  the  riyer  heneath  tlie 
marshes,  and  the  Postglacial  gravel  which  underlies  them ;  for  Mr. 
Samuel  Woodwjurd,  in  his  *  Geology  of  Norfolk '  (1833),  mentions  that 
what  he  calls  a  subsided  mass  of  the  same  blue  cday  as  that  of 
Strumpshaw  Hill  (the  ordinary  Upper  Glacial  day  of  the  district) 
was  found  beneath  the  marshes  of  the  Yare  in  digging  the  canal 
which  joins  the  Yare  and  Waveney. 

The  Yare  below  Norwich  is  fo]:med  by  the  confluence  of  tlio 
Wensum  (the  principal  stream)  with  it;  and  in  describing  tlio 
geological  features  of  the  two  vfldleys  we  take  a  line  of  section  (V.) 
across  them  near  to  the  confluence  of  their  streams. 

The  removal  of  the  Lower  Glacial  sands  and  Contorted  Drift  alon^ 
the  slope  of  the  interglacial  valley  portrayed  in  the  cut  has  taken 
place  very  extensively  in  places  edong  both  these  valleys — a  circum- 
stance which,  until  we  came  to  perceive  the  fact  of  this  interglacial 
denudation,  was  a  source  of  infinite  perplexity  to  us  in  mapping  the 
beds  and  working  out  their  succession  in  this  part  of  Norfolk,  as 
was  also  the  occurrence  of  sections  of  clay  with  chalk  d^ris  in  the 
bottoms  of  these  valleys  and  resting  on  the  Chalk,  which  resembled 
in  their  physical  composition  the  wide-spread  Upper  Glacial ;  and  it 
was  not  until  one  of  us  had  the  opportunity  of  making  excavations 
which  proved  that  this  valley-clay  in  one  instance  at  least  (Cringle- 
ford,  in  section  Y.)  passed  under  the  Middle  Glacial,  that  we  could 
get  any  satisfactory  evidence  as  to  its  geological  position. 

Thus  in  a  paper  published  in  the  Journal  of  the  Society  for  1867 
(vol.  xxiii.  p.  88),  one  of  us  described  two  exposures  of  a  bed  of  clay 
made  up  chiefly  of  chalk  debris  and  resting  upon  the  Chalk  in  a 
glaciated  condition  in  the  Yare  valley  near  Norwich  (at  Trowse 
Junction  and  at  Thorpe  Asylum) ;  and  we  then  interpreted  this  bed 
as  being  of  valley -origin  and  posterior  to  the  Upper  Glacial ;  but 
having  subsequently  met  with  so  many  instances  of  the  Upper 
Glacial  sweeping  over  the  sides  of  the  interglacially  denuded  valleys, 
we  were  compelled  to  think  that  our  original  view  of  the  vaUey- 
origin  of  the  bed  in  question  was  erroneous,  and  that  it  could  oidy 
be  the  Upper  Glacial  day  out  of  its  usual  place ;  and  accordingly  we 
so  represented  it  in  the  map  which  accompanies  the  '^  Introduction" 
to  the  '  Crag  MoUusca  Supplement.'  The  crucial  test  applied,  how- 
ever, by  excavations  at  Cnngleford,  and  continued  reflection  upon 
the  observations  which  we  have  made  during  more  than  ten  years 
on  the  geological  features  of  East  Anglia,  have  led  us  to  the  belief 
that  our  original  view  of  this  bed  being  of  valley-origin  and  un- 
connected with  the  Upper  Glacial  was  so  far  correct — but  that, 
instead  of  its  being  posterior  to  the  Upper  Glacial,  it  is  really  of 
interglacial  age,  intermediate  between  the  Contorted  Drift  and 
Middle  Glacial,  and  a  formation  belonging  to  the  interval  which  is 
indicated  by  the  general  unconformity  between  those  deposits,  and 
which  has  become  exposed  by  the  removal  from  it  of  the  Middle  and 
Upper  Glacial  during  the  Postglacial  re-excavation  of  the  valley. 
We  have  not  reproduced  here  the  woodcuta  used  in  the  paper  in  the 
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Cutting  W.  of  the  Station. 


^Cattine  and  Pit  £.  of 
Hethenett  Bailwaj 
Station. 


Pit  half  a  mile  W.oT 
Cringleford  ohorch. 


I  BxoaTationB  made 
>  near  the  Cottage, 
j     Cringleford. 


Rirer  Tare. 
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Pit  at  Ewing'g  KumcTy, 
EatozL 
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.  Cutting  and  Pit  near  Vic- 
toria Station. 


Bxwer  Weomua. 


.  BithopVBridge  Qnarriea. 
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23rd  voL  of  the  Journal,  because,  although  the  Bucceasion  of  all 
the  beds  out  of  which  the  yalley  is  cut  are  correctly  represented  in 
them,  the  sweeping-down  of  the  Middle  Glacial  over  the  edges  of  the 
Lower  Glacial  and  Crag,  such  as  is  shown  in  section  V.  of  the  present 
paper,  is  not  introduced,  we  not  having  then  discoTered  it.  The 
figure  (no.  1)  given  in  the  2drd  vol.  (p.  88)  of  the  bed  at  TroiMrse 
shows  that  the  clay  there  is  partially  overlain  by  brickearth  and 
sand,  much  in  the  same  way  that  the  bed  in  the  Blackwater  valley 
(section  XXIII.  of  the  present  paper,  p.  Ill)  is  overlain.  The  sand 
over  the  brick-earth  at  Trowse,  and  the  gravel  over  the  brick-earth  at 
Appleford  bridge  in  the  Blackwater  valley,  seem  in  both  instances  to 
show  the  transition  upwards  of  this  interglacial  valley-bed  into  the 
Middle  Glacial.  The  Middle  Glacial  sand  overlain  by  the  Upper 
Glacial  of  the  pit  at  TuckVWood  farm  on  the  hill  above  the  Tro^^se 
section  indicates,  we  now  think,  part  of  the  infilling  of  the  Yare 
valley  which  had  been  denuded  interglacially  out  of  the  Lower  Glacial 
and  Crag  beds  and  the  Chalk ;  and  fig.  6  represents  what  we  think 
the  relative  position  of  the  several  beds  is  most  likely  to  be. 

Fig.  6.— Section  VI.,  at  Tw^k^s-Wood  Farm.    (Length  2  miles. 
Vertical  scale  I7J  times  the  horizontal.) 

if.  Cutting  At  Pitftt  Pit  at  8. 

Victoria  TaokVWood        Trowae  Biver 

BtatioQ.  Farm.  Jnnotion.        Tare. 


1,  1',  4,  5,  6,  7,  and  8  as  in  fig.  5. 

.a.  Bed  of  olay  chiefly  made  up  of  chalk  d^bria  and  partly  orerlain  hy  thin 

Briok-ewrth  and  bj  sand. 
10.  Postglacial  Talley-graTel  and  recent  allaTium. 

The  dotted  line  indicates  the  supposed  continuation  of  the  interglacial  yalley 
beneath  the  recent  alluTium. 

Pursuing  now  the  valley  of  the  Wensum,  the  following  three 
«maU  lines  of  section  (Nos.  YII.,  YIII.,  and  IX.)  are  necessary  to 
illustrate  its  interglacial  excavation,  as  we  are  not  able  to  give  a 
line  across  both  sides  of  the  valley  at  any  one  point  which  can  be 
sufficiently  verified  by  open  excavations,  abundant  even  as  these  are 
over  the  country  traversed  by  this  valley. 

The  lines  of  these  sections  are  taken  at  distances  (following  the 
sinuosities  of  the  valley)  of  20,  29,  and  39  miles  respectively  above 
Norwich,  section  VIL  being  the  lowest,  and  IX.  the  highest  up  the 
valley. 

It  often  happens  towards  the  upper  end  of  the  valley  that  the 
Upper  Glacial  rests  direct  on  the  Contorted  Drift ;  and  some  good  sec- 
tions of  the  two  in  contact  occur  near  Guist  in  the  Wensum  valley ; 


Digitized  by  VjOOQIC 


LITBB  TBRTIABT  OiEOLOeT  OP  EAST  AMOLIA. 


87 


Figs.  7-9. — Sections  VIL-IX,,  across  the  Wensum  VaUey.  (Length 
of  each  section  about  2  nules.  (Vertical  scale  about  17^  times 
the  horizontal.) 


Fig.  7. ^Section  VII. 


8J.W. 


Pits. 
SAW.  of  Lyng  ohoroh 


Fig.  S.— Section  VIIL 


B.Wb7.8. 


Piti,  12  fiirlongs  and 
6  furlongs    S.W.      Pit  5  f orloncs 
bj  W.  of  Bintree         -  —  -- i^ 
church. 


S.W.  by  S. 
of  Bintree 
church.  V.B.  by  B. 


Fig.  9.-— Section  IX. 


Biver  Weosom, 
}  mile  W.  of 


IbfW. 


Bsst^Bsrshsm 
Bsilwsy. 
CDttinff, 
sooth  «md       K^  b7  S« 


1,  6,  7,  8  as  in  fig.  5. 

10.  Postglacial  Talley-gravel  and  recent  allavium. 

N.B.  The  pebbly  aands  (5)  are  perhafM  preaent  in  small  thiekneis  below 
No.  6  m  Sectum  YIII.,  as  they  are  so  in  a  section  (at  Qoist)  only  two  miles  out 
of  the  line  of  it. 
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but  over  the  country  traversed  by  this  valley  the  Upper  Glacial  is 
usually  underlaiEi  by  the  Middle  Glacial,  which  is  often  in  great 
thickness,  some  of  the  wells,  as  we  learnt,  going  through  upwarda 
of  70  feet  of  it.  As  elsewhere  in  East  Anglia,  however,  the 
Contorted  Drift  occasionally  protrudes  through  the  Middle  Glacial 
and  shows  itself  on  the  highest  ground  overlain  by  the  Upper  Glacial. 
At  Guist  also  is  a  fine  section  of  the  Contorted  Drift  over  the  pebbly 
sands ;  but  mostly  in  this  part  of  Norfolk  the  pebbly  sands  have 
thinned  out  and  tlie  Contorted  Drift  rests  oa  the  Chalk  direct. 

That  portion  of  the  Wensum  valley  which  extends  on  either  aide 
of  the  line  of  section  VII.,  affords  several  instances  of  what  we  re- 
gard as  the  same  bed  as  that  marked  a  in  sections  V.  and  YI. 
The  character  of  the  bed  in  this  district  differs  somewhat  from  that 
which  it  presents  nearer  Norwich,  where  traversed  by  the  lines  of 
the  last-mentioned  sections ;  for  instead  of  being,  as  diere,  a  tough 
clay  full  of  chalk  d^ris,  it  here  generally  consists  of  a  greenish 
gritty  deposit  more  sand  than  clay ;  but  in  one  exposure  this  is 
overlain  by  day  exactly  like  that  at  Cringleford,  Trowse,  and 
Thorpe  already  described,  with  a  sheet  of  glaciated  chalk  (torn 
from  the  glaciated  chalk  of  the  valley-floor)  interposed  between  the 
two  ♦.  The  bed  in  every  exposure  that  we  have  met  with  rests  on 
Chalk  in  this  glaciated  condition ;  and,  indeed,  the  Chalk  in  all  the 
Norfolk  valleys,  where  not  protected  by  the  Lower  Glacial  sands,  or 
the  Crag,  presents  this  feature,  indicative,  as  it  seems  to  us,  of  the 
action  of  the  interglacial  ice  upon  it.  So  completely  is  the  condi- 
tion of  the  Chalk  changed  by  this  action  in  some  places  that, 
instead  of  affording  a  porous  surface  of  light  land,  it  has  become 
retentive  and  waternsodden,  of  which  striking  examples  may  be  found 
in  the  bottoms  on  Bridgham,  Roudham,  and  Croxton  Heaths  between 
East  Harling  and  Thetford,  where,  the  Contorted  Drift  having  been 
interglacially  denuded,  the  Middle  Glacial  sand  has  been  deposited  on 
this  glaciated  chalk,  which  has  been  again  laid  bare  by  Postglacial 
denudation.  Where  this  has  taken  place  the  chalk  surface  holds 
water  as  well  as  the  most  tenacious  clay.  The  explanation  of  the 
different  character  presented  by  this  bed  a  about  Lyng  and  Elsing 
(that  is  to  say,  in  the  portion  of  the  Wensum  valley  illustrated  by 
section  YII.)  seems  to  us  to  be  found  in  the  different  condition  of  the 
beds  out  of  which  the  valley  is  here  excavated  having  furnished  a 
different  pabulum  for  the  valley  ice  to  degrade.  Thus  nearer 
Norwich  the  Chalk  rises  high  up  the  vaUeynsidos  (see  section  V.),  the 
Contorted  Drift  there  has  a  good  deal  of  clay  in  it  (forming  of  itself 
a  true  brick-earth),  and  patches  of  the  Chillesford  Clay  (though  these 

*  This  is  to  be  Been  at  an  excavation  6  furlong}  S.W.  by  S.  of  Lenwade 
bridge,  and  13  furlongs  E.  by  S.  of  Lyiuj  church.  Other  sections  of  the  same 
bed  (but  without  the  clay  capping)  will  be  found  in  the  same  neighbourhood, 
as  follows,  viz.  3  furlongs  S.  of  Lenwade  bridge,  6  furlongs  sSl  of  Lyng 
ohupoh,  5  furlongs  W.  by  N.  of  LjTag  church,  and  9  furlongs  W.  of  Lyng  churdi. 

The  first  two  of  these  are  shown  in  the  map  accompanying  our  "  Litroduc- 
tion**  by  dots  of  the  same  shading  as  the  Upper  Glacial  Clay,  to  which  forma- 
tion we  then  supposed  them  to  belong.  The  others  lie  beyond  the  limits  of 
that  map. 
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with  few  exceptions  are  now  concealed)  then  no  doubt  cropped  out 
along  the  valley-sides.  The  degradation  of  these  formed  the  chalky 
day  shown  under  the  letter  a  in  sections  Y.  and  YI.  About  Lyng 
and  Elsing,  however,  the  Chalk  only  comes  out  in  the  extreme 
bottom  of  the  valley,  while  the  Contorted  Drift,  having  lost  much 
of  its  brick-earth  character,  usually  presents  the  appearance  of  a 
gritty  bed  with  but  little  alliaceous  matter  and  full  of  grains  of 
chalk.  The  degradation  of  tMs,  and,  in  a  subordinate  degree,  of  the 
ch^  floor  also,  seems  to  have  furnished  the  material  of  ^e  bed  a  in 
tiiis  part  of  the  valley.  The  exposures  of  this  bed  along  the  Wensum 
valley  about  Lyng  and  Elsing  all  occur  on  the  narrow  strip  of  Chalk 
which  crops  out  from  beneatii  the  Contorted  Drift,  and  occupies  the 
valley  between  it  and  the  edge  of  the  sheet  of  alluvium  and  Post- 
^aeial  gravel  which  skirts  the  river ;  and  they  might  be  mistaken, 
by  any  one  not  possessed  of  an  intimate  acquaintance  with  the 
geological  features  of  Norfolk,  for  the  Contorted  Drift  itself;  but  in 
^  many  sections  of  it  which  occur  in  the  neighbourhood,  that 
drift  persistently  maintains  a  different  colour  (tawny  brown)  and  a 
less  sandy  composition. 

The  Upper  Glacial  does  not  reach  north  of  the  line  of  section  IX., 
ID  Central  Norfolk,  the  country  lying  between  the  head  of  the  Wen- 
sum  valley  and  the  sea  being  occupied  exclusively  by  the  Contorted 
Drift,  overlain  insularly  by  the  Middle  Glacial. 

Near  to  the  head  of  the  Wensum  valley  a  small  stream  takes  its 
rise,  and  runs  northwards  to  the  sea  through  this  Contorted-Drift 
area,  its  valley  being  excavated  exclusively  in  that  drift,  which,  in 
much  greater  thickness  than  near  Norwich,  is  cut  through  down  to 
the  Chalk.  The  length  of  this  valley  is  about  ten  miles ;  and  the 
following  line  of  section  (No.  X.)  taken  about  midway  of  its  length 
ahowB  its  structure. 

Kg.  10. — Section  X.,  across  the  WaUingham  VaUcy,     (Length 
2  miles.     Yertical  scale  17^  times  the  horizontal.) 

Bailwaj-     *« 
oattinff  ftt     ^ 
Waldniham  ^ 
W.  StatioD.      (3  E. 


4f'Y^'Vri\Vli7^lJM^]^A^»^^•uV.M'!tillh^^^^^ 


1,  6,  7  as  in  fif.  5. 

10.  Poetglaoua  Talley-grayel  and  recent  allaviam. 

The  country  round  this  part  abounds  in  sections  of  the  Contorted 
I^rift,  which  consists  of  a  gritty  white  marl,  a  condition  which  it 
Squally  assumes  westward  along  the  coast  section ;  so  that  from 
^Dg  a  red  brick-earth  with  included  masses  of  marl  in  Central 
Norfolk,  forming  rich  mixed  soil,  it  gradually  changes  into  this 
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gritty  marl  which  forms  the  light  land  of  a  large  portion  of  Nartb- 
western  Norfolk. 

About  7  miles  east  of  the  last-mentioned  valley,  that  of  another 
small  river,  the  Glaven,  oecnrs.  The  high  land  oat  of  whieh  this 
valley  is  cut  is  for  the  most  part  crowned  with  the  Middle  Glacial, 
which  sweeps  boldly  down  into  the  valley,  as  in  section  XI. ;  but  in 
some  places  the  Contorted  Drift  shows  itself  nneovered  by  the 
Middle  Glacial  on  the  highest  points,  proving  that  the  Middle  Glacial 
actually  rests  on  the  sides  of  the  interglacial  valleys  which  ba^-e 
been  deepened  postglacially,  as  deseribed  in  the  case  of  the  North- 
Norfolk  cliff-section. 


Fig.  11.- 


W.N.W. 


-Section  XL,  across  the  Glaven  Vatley.     (Length  3^  miles. 
Vertical  scale  17i  times  the  horizontal.) 


B^.: 


Brick-kilii 

I  mile  8.8.W. 

of  Holt 

ohorch. 


iv.vaiavjiWMw.v.KfiSOTA'^swa?^^^ 


J.  The  Chalk. 

6.  The  Contorted  Drift 

7.  The  Middle  GlaoiaL 

10.  Postglaoial  TaUej-grayel  and  recent  alluyium. 


The  river  next  in  consequence  to  the  Yare  in  Norfolk  is  the 
Bnre,  the  valley  of  which  is  of  uniform  stmcture  throughout,  being, 
near  the  sources  of  the  river,  cut  out  of  the  Contorted  Drift  only  ; 
but  as  the  valley  deepens  in  its  downward  course  it  is  first  cut 
down  through  tiiis  Drift  to  the  pebbly  sands,  and  then  to  the 
Crag  (where  this  exists)  and  the  Chalk.  About  midway  in  the 
course  of  the  river  the  Chalk  disappears,  and  the  base  of  the  Con- 
torted Drift  sinks  below  the  water-line  of  the  country.  This  is  in 
consequence  of  the  eastwardly  dip  of  the  Preglacial  floor,  the  Chalk 
disappearing  below  the  water-level  to  the  east  of  a  line  drawn  from 
a  point  about  4  miles  east  of  Norwich  to  the  coast  nearMundesley*. 
The  Crag  and  the  Lower  Glacial  beds  sinking  with  the  Chalk  are 
thus  partially  obscured  in  the  lower  course  of  the  Bure,  and  the 
valley  is  now  much  below  the  level  it  possessed  at  a  late  stage  in 
the  Postglacial  period,  the  Postglacial  forest-grown  land-surface 
having  been  found  beneath  the  alluvial  deposits. 

*  Eastward  of  the  point  where  the  Chalk  disappears,  the  Lower  Tertiaries 
no  doubt  oome  on,  as  prored  by  the  Yarmouth  well-boring;  but  we  have 
detected  no  traces  of  them  at  the  surface,  and  the  dip  of  the  Chalk  beneath 
them  takes  place,  so  far  as  we  are  aware,  at  some  unlmown  point  beneath  the 
water-level  of  the  country. 
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Although  the  stmctare  of  the  Bore  yalley  throughoot  is  repugnant 
to  any  Preglacial  oiigin,  it  affords  hut  slight  oTidence  of  interglacial 
excaTation.  This  is  partly  owing  to  the  paucity  of  sections  along 
it,  and  partly  to  the  difficulty  of  distinguishing  between  the  Middle 
and  the  Lower  Glacial  sands  where  the  one  rests  on  the  other.  A 
section,  however,  of  what  we  feel  little  douht  is  the  Middle  Glacial 
sand,  occurs  at  a  la^e  excavation  about  half  a  mile  N.N.W.  of 
Wroxham  bridge,  in  the  midst  of  the  valley  where  the  Lower 
Glacial  fiands  are  easily  distinguishable,  either  from  their  being 
foasiliferous  or  from  containing  their  characteristic  seams  of  rolled 
pebbles  ;  and  we  therefore  give  a  line  of  section  (No.  XII)  across 
tlie  Bore  valley  at  this  point. 

Rg.  12. — Section  XII.,  across  the  Bure  Valley,     (Length  4  miles. 
Yortical  scale  17^  times  the  horizontal.) 


as-w. 


N.N.B. 


■fleW.cT 


8. 

Gre^  pit 

N.N.W.  of 
RiTer  Wroxham 
Bore,     bridge. 


Pito4aiid8 

ftirl.  8.W. 

ofTiBstead 

ohnroh. 


1.  The  C^ialk-floor  dipping  north-eastward. 

4.  Bemnanta  of  the  GhilleafoTd  beds  (well  expoeed,  with  No.  5  over  them 

on  both  aidea  of  the  riyer,  near  to,  but  not  in,  the  line  of  section). 

5,  6,  7,  and  11  aa  in  fig.  5. 

N3.  The  sands  rise  high  up  on  the  south  side  of  the  yalley  aboTe  the  line  of 
iimction  of  5  and  6 ;  and  where  this  is  the  case  there  can  be  no  doubt  that  they 
belong  to  No.  7 ;  but  when,  lower  down,  they  rest  below  the  lerel  of  No.  6,  there 
is  a  difBoulty.in  distingnishing  between  them  and  No.  5. 

Not  more  than  2  fiirlongs  from  the  great  excavation  in  the 
Middle  Glacial  last  referr^  to,  and  between  it  and  Wroxham 
bridge,  an  extensive  excavation  in  the  Chillesford  Clay,  capped 
by  the  Lower  Glacial  sand,  occurs  at  about  the  same  level,  show- 
ing the  plunge  into  the  valley  which  the  Middle  Glacial  here 
makes.  This  excavation  lies  two  furlongs  out  of  the  line  of 
section  Xll. 

The  next  river  is  the  Ant,  which  falls  into  the  Bure.  The  valley 
of  this  river  is,  in  its  lower  part,  similar  to  that  of  the  Bure,  as 
shown  in  the  last  section,  the  Chalk  being  concealed  beneath  the 
water-level,  owing  to  the  Postglacial  depression  before  alluded  to ; 
and  the  original  valley  is  now  largely  filled  up  with  the  alluvium 
that  covers  the  Postglacial  forest-grown  surface.  The  upper  part 
of  ihe  Ant  valley,  however,  being  cut  out  of  higher  ground  formed 
by  the  Contorted  Drift,  which  has  here  been  left  by  the  interglacial 
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denudation,  ezhibita  its  interglacial  origin  very  distinctly ;  and  the 
following  line  of  section  (No.  XIII.)  is  taken  across  it  near  North 
Walsham,  where  actual  open  sections  afford  the  means  of  yerificatdon. 

Fig,  18. — Section  XIIL,  across  the  Ant  Valley.    (Length  2^  miles. 
Vertical  scale  17^  times  the  horizontal.) 


aw. 


One  mile 
■oittb 
ofN. 

W.    ' 


Briek'pit  on 

Edingtnorpe 

Heath. 


N.E. 


6'.  The  Cromer  Till  (probably). 
The  other  references  as  in  fig.  11. 


Into  this  yalley,  as  into  that  of  the  Glayen,  the  Middle  Glacial 
plunges  boldly  down ;  and  the  natural  section  afforded  by  the  coast 
of  the  country  trayersed  by  them,  being  not  far  distant,  seryes  to 
check  the  accuracy  of  the  aboye  representation. 

The  Tese  is  an  affluent  of  the  Yare ;  and  its  valley  in  a  course  of 
about  twelve  miles  (without  reckoning  the  windings)  is  cut  down  in 
its  upper  extremity  to  the  Middle  Glacial  only,  and  in  its  lower  to 
tne  Lower  Glacial  pebbly  sands,  the  Crag,  and  the  Chalk.  So  great 
has  been  the  interglacial  denudation  of  this  valley,  that  we  have 
been  able  to  find  excavations  in  remnants  of  the  Contorted  Drift  at 
three  places  only  along  its  course.  One  of  these  is  half  a  mile  N.E. 
of  Shottesham-St-Mary  church,  the  second  6  furlongs  N.  by  E.  of 
8tratford-St.-Michael  church,  and  the  third  one  mile  N.  by  E.  of 
Newton-ELotman  church.  Assuming,  as  we  think  we  are  entitled 
to  do  from  the  presence  of  these  remnants  and  from  the  occurrence 
of  the  Contorted  Drift  north,  south,  east,  and  west  of  this  valley,  that 
this  drift  once  extended  in  full  force  over  it,  the  interglacial 
denudation  of  the  Tese  valley  was  almost  complete.  The  line  of 
section  XIY.  is  drawn  across  the  principal  valley,  and  a  smaU  one 
tributary  to  it,  at  the  point  where  one  of  these  remnants  of  the  Con- 
torted Drift  occurs.  This  deposit  here  yielded  us  TeUina  balthiea, 
Mactra  ovalis^  and  Cardium  edule. 

Just  north  of  the  above  line  of  section,  a  bed  of  clay  with  chalk 
d^ris  occurs  in  the  valley-bottom,  resting  on  glaciated  chalk. 
There  are  similar  occurrences  at  several  places  along  this  valley ; 
and  some,  if  not  all,  of  these,  we  think,  must  belong  to  the  same  bed 
as  that  marked  a  underlying  the  middle  Glacial  in  the  Yare  valley 
in  section  Y. 

In  the  case  of  this  valley,  as  in  that  of  the  Yare,  it  is  very  pro- 
bable that  the  interglacial  excavation  was  deeper  than  the  present 
one,  and  may  be  continued  down  into  the  Chalk  below  the  level  of 
the  river,  where  we  have  represented  valley -gravel  (10)  as  present. 
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Fig.  14.— ^S^on  XIV.,  across  the  Tese  Valley.     (Length  4  milee. 
Vertical  soJc  17i  times  the  horizontal.) 
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1,  5,  6,  7,  8  as  in  fig.  5. 

4.  Bemnants  of  the  ChiUesford  beds  aiid  Fluvio-marme  Crag. 

IOL  Poit^bcial  Tallej-graTel  and  recent  alluTium. 

On  both  sides  of  the  Tese  valley  the  high  ground  is  oecupied  by 
the  Upper  Glacial  day,  which  conceals  every  thing ;  but  we  feel  little 
doabt  tiiat  the  Contorted  Drift  is  present  in  thic^ess  beneath  it,  the 
denudation  having  operated  mostly  along  the  lines  of  the  valleys 
which  have  afterwards  been  re-excavated  postglacially.  The  dotted 
lines  whioh  continue  the  line  of  section  XIV.  at  its  eastward  extremity 
indicate  our  view  in  this  respect ;  and  in  fact,  if  the  section  which 
we  have  given  across  the  Tese  were  continued  south-eastwards  to 
the  valley  of  the  Waveney  at  Bungay,  protrusions  of  the  Contorted 
Drift  thus  underlying  the  hig^  ground  between  would  be  encoun- 
tered at  Headenham. 

The  only  river-valley  of  East  Norfolk  remaining  to  be  noticed  is 
that  of  the  Ket,  which  river  falls  into  the  Yare  eight  miles  west  of 
Yarmouth.  The  features  of  this  valley  differ  from  those  of  the 
Tese  in  the  more  general  presence  of  the  Contorted  Drift,  which 
comes  out  pretty  reg^ularly  along  both  its  sides. 

The  Pebbly  Sands  underlying  it  are  also  in  great  thickness ;  and  to 
the  east  of  Loddon  they  form  masses  of  shingle,  which,  however,  are 
not  oblique-bedded,  as  are  the  similar  masses  near  Halesworth  and 
Henham.     The  following  is  a  section  across  the  Ket  valley. 

Pig.  l^.^Section  XV.,  across  the  Ket  VaUey.    (Length  2\  miles. 
Tertical  scale  17J  times  the  horizontal.) 

W.N.W.         ,.A  B.?.B. 


Pit  3  furl..      Pit  b  fori. 
N.E.  by  B..       E.  by  8. 


References  as  in  fig.  5. 
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It  is  impossible  to  determine  whether  the  clay  with  chalk  d^ris  (8?) 
resting  in  patches  in  this  valley  on  the  shingle  of  the  Pebbly  Saoids 
(5)  is  the  Upper  Glacial  clay  of  the  high  ground,  or  the  bed  occurring' 
in  the  Tare  valley  under  the  Middle  Glacial  (a  in  section  V.) ;  but 
there  are  several  occurrences  of  it  in  the  bottom  of  the  Ket  valley 
resting  on  the  Pebbly  Sands;  These  show,  however,  at  least  that  the 
Ket  valley  was  excavated  subsequently  to  the  Lower  Glacial,  and 
before  or  during  the  Upper  Glacial  deposits. 

Having  passed  in  review  all  the  river- valleys  of  Eastern  Norfolk,  wo 
now  come  to  the  Waveney,  the  principal  river  of  Norfolk  and  Suffolk, 
the  valley  of  which  has,  since  the  description  by  Mr.  Prestwich  of  the 
Hoxne  brick-earth  deposit  containing  evidence  of  PalsDolithic  man, 
possessed  a  special  interest,  and  in  connexion  with  which  deposit,  aad 
the  inferences  drawn  from  it  as  to  the  excavation  of  the  Waveney  val- 
ley since  the  accumulation  of  that  brick-earth,  much  controversy  has 
taken  place*.  The  late  Mr.  J.  W.  Flower  maintained  t,  and,  as  it 
seems  to  us,  with  much  reason,  that  the  width  of  this  valley  at  the 
source  of  its  river,  its  confluence  there  with  the  valley  of  the  Little 
Ouse  flowing  in  the  opposite  direction,  and  the  absence  of  any  very 
high  land  near  its  source  forbade  the  possibility  of  the  river 
Waveney  having  been  the  agent  producing  the  excavation  of  the 
valley  through  which  it  flows.  Whatever  be  the  case,  however,  as 
to  this,  it  seems  to  us  dear  that  the  Waveney  valley,  like  those 
which  we  have  been  describing,  was  produced  by  the  denudation 
which  has  so  largely  destroyed  the  Contorted  Drift,  and  which 
took  place  between  the  formation  of  that  deposit  and  the  Middle 
Glacial. 

It  may  be  worth  observing  that  if  the  view  expressed  at  the  con- 
clusion of  this  papfer  of  the  area  beyond  the  limit  of  the  Middle 
Glacial  in  Norfolk  and  Suffolk  having  been  during  its  accumulation 
occupied  by  the  branch  of  the  land  ice  which  flowed  over  Lincoln- 
shire be  well  founded,  it  may  serve  to  explain  the  difficulties 
suggested  by  Mr.  Flower,  and  in  this  way :  viz.  such  a  glacier  must 
have  greatly  denuded  and  lowered  the  area  dh  which  it  rested,  and 
thus  the  great  level  of  the  Fenland  must  have  been  produced  by  it ; 
now  if  we  suppose  the  interglacial  valley  of  the  Waveney  to  have  been 
merely  the  eastern  extremity  of  a  far  longer  valley  of  which  that 
of  the  Little  Ouse  formed  the  next  portion  westward,  and  whose 
head  was  yet  further  west,  or  north,  it  is  not  difficult  to  see  that  the 
slope  of  the  Little-Ouse  portion  might  have  been  reversed  by  the  de- 
grading action  of  this  ice,  which  was  of  a  magnitude  to  be  indepen- 
dent of  such  small  valleys,  and  derived  its  motion  from  the  contour 
of  the  country  lying  between  it  and  its  source  in  the  mountain- 
districts  of  the  north  of  England.  The  abrupt  termination  of  the 
Middle  Glacial  and  of  the  Contorted  Drift  a  few  miles  west  of  the 
confluent  source  of  the  Little  Ouse  and  Waveney,  seems  to  find  an 

♦  Mr.  Belt  has  lately  (Quart.  Joum.  Science,  July,  1876)  endeavoured  to 
show  tliat  the  Hoxne  brick- earth  is  not,  as  hitherto  supposed,  newer  than  the 
Upper  Glacial  clay,  but  Preglacial. 

t  Quart.  Joum.  Geol.  Soc.  vol.  xxiii.  p.  55. 
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explanation  in  this  view ;  that  of  the  Middle  Glacial  in  the  way 
attempted  to  be  shown  in  the  sequel  of  this  paper ;  and  that  of  the 
Contorted  Drift  by  its  having  been  ploughed  out  up  to  that  point  by 
this  great  mass  of  glacier  ice.  The  depth  of  the  submergence  which 
the  structure  of  the  Contorted  Drift  proves  Northern  Norfolk  to  have 
undergone  during  the  Lower  Glacial  period  renders  it  very  difficult 
to  suppose  that  the  Fenland,  and  other  low-l3ring  country  beyond  it, 
did  not  participate  in  that  submergence,  and  become  covered  with 
^e  Contorted  Drift,  unless  their  level  has  been  greatly  lowered  since ; 
but  if  we  assume  that  the  land  ice  reached  to  this  part  at  the  com- 
m^icement  of  the  Middle  Glacial,  as  explained  in  Uie  sequel  of  the 
paper,  it  is  easy  to  account  for  the  great  lowering  of  the  level  of 
these  districts,  as  well  as  for  the  destruction  of  the  Lower  Glacial 
deposits  over  them,  by  the  degradation  of  their  somewhat  soft  strata 
which  such  ice  must  have  effected.  Li  whatever  way,  however, 
the  valley  of  the  Waveney  and  Little  Ouse  may  have  been  excavated 
and  brought  to  its  present  confluent  character,  it  seems  clear  to  us 
that  it  must  have  formed  a  channel  or  strait  as  the  land  rose  out  of 
the  Upper  Glacial  sea,  and  that  the  tidal  scour  through  it  was,  as 
in  the  case  of  the  other  East-Anglian  valleys,  the  principal  agent  in 
its  rd-excavation. 

The  valley  of  the  Waveney  presents  few  exposures  of  the  Contorted 
Drift ;  but  those  that  do  occur  seem  to  us  sufficient  to  prove  that 
this  formation  once  spread  in  considerable  thickness  over  the  district 
through  which  the  valley  runs.     The  Middle  Glacial,  except  where 
these  remnants  occur,  occupies  so  uniformly  the  flank  of  the  valley 
west  of  Becdes  as  to  lead  naturally  to  the  inference  that  the  valley 
was  excavated  out  of  this  and  the  overlying  Upper  Glacial  day 
only,  as  represented  by  Mr.  Prestwich  in  his  well-known  sections  of 
the  Hoxne  bed  *,  and  was  thus  of  Postglacial  origin.     The  presence 
of  these  remnants  of  the  contorted  drift,  however,  and  the  general 
structure  of  the  vallep  of  East  and  Central  Norfolk  which  we  have 
been  reviewing,  appear  to  us  to  indicate  that  a  much  wider  trough 
than  that  which  the  valley  now  forms  was  interglacially  excavated 
m  tiie  Contorted  Drift,  and  that  the  Middle  Glacial  overlain  by  the 
Upper  Glacial  was  deposited  in  it.     Moreover,  at  various  points 
along  the  valley  exposures  of  clay  occur  low  down  that  are  clearly 
either  the  bed  a  of  Section  Y.,  or  else  the  Upper  Glacial  day  of  the 
hi^  ground  (No.  8),  an  instance  of  which  exists  at  Lopham,  dose 
to  the  source  of  the  river — ^in  either  case  proving  interglacial  exca- 
vation to  some  extent. 

A  bed  of  day  with  chalk  d^ris  exactly  resembling  the  Upper 
Glacial  and  also  the  bed  marked  a  m  section  lY.  seems  to  underlie 
a  great  thickness  of  Middle  Gladal  sand  in  the  cutting  at  Oulton 
two  miles  west  of  Lowestoft.  The  sloped  and  grassed  condition  of 
the  cutting  obscures  the  position  of  this  bed  relatively  to  the  Middle 
Glacial  sand  through  which  the  cutting  is  made ;  and  instead  of  this 
bed  of  day  underlying  the  sand,  it  may  be  only  a  plunge  of  the 
Upper  Glacial  into  it ;  but  if  such  underlie  does  occur,  Sien  this 
•  Phil.  Trans.  1800,  part  ii.  p.  304. 
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seems  to  be  of  similar  age  to  the  bed  in  the  Tare  valley,  and  of  tlie 
period  of  interg^acial  denudation  discussed  in  this  paper. 

A  mile  and  a  half  to  the  south-west  of  this,  in  the  cutting  of  the 
Lowestoft  branch  Eailway  adjoining  the  Waveney  marshes,  a  bed  of 
clay  occurs  under  a  considerable  thickness  of  Mid^  Glacial  sand  and 
gravel ;  but  it  is  too  much  obscured  for  us  to  say  whether  it  is  the  same 
bed  as  that  at  the  bottom  of  Oulton  cutting,  or  whether  it  be  the 
Contorted  Drift,  or  even  the  Kessingland  fluviatile  bed. 

The  lower  part  of  the  valley,  where,  instead  of  Mling  into  the 
Sea  at  Lowestoft,  it  turns  suddenly  to  the  north-west  to  join  the 
Yare,  is  distinctly  excavated  in  the  Lower  Glacial  beds,  which  are 
exposed  in  many  places  along  the  edge  of  the  valley ;  and  the  line 
of  section  XYI.  shows  not  only  the  extent  of  the  interglacial  denuda- 
tion of  the  Waveney  valley,  but  also  the  way  in  which  the  Middle 
Glacial  is  bedded  around  the  least-denuded  part  of  the  Contorted 
Drift  that  rises  through  the  high  ground  between  the  valley  and  the 
sea-cliff. 

This  prominence  of  Lower  Gladal  beds  seems  to  have  formed 
the  interglacial  parting  between  the  Waveney  valley  and  some 
other  valley  which  has  been  destroyed  by  the  waste  of  the  coast  line, 
and  the  slope  of  which  is  now  intersected  longitudinally  by  the  diff 
between  Yarmouth  and  Lowestoft.  This  lost  valley  was  probably 
tributary  to  the  filled-up  and  now  concealed  continuation  of  the  in- 
terglacial trough  of  the  Waveney,  to  which  we  shall  have  presently 
to  refer. 

The  features  exhibited  by  line  of  section  No  XVI.,  so  far  as  the 
Contorted  Drift  is  concerned,  are  similar  to  those  in  sections -XX. 
and  XXL  (pp.  104,  105),  which  illustrate  our  view  as  to  the  way 
in  which  the  valleys  of  ilie  Deben  and  Orwell  and  other  valleys  of 
South  Suffolk  have  been  interglacially  excavated. 

The  remnants  of  the  Contorted  Drift  to  which  we  have  referred 
as  exposed  between  Beccles  and  the  source  of  the  Waveney  (where, 
with  the  exception  of  such  exposures,  the  Lower  Glacial  beds  are 
mostly  concealed  by  the  Middle  and  Upper  Glacial)  occur  at  the 
following  places,  viz. : — at  a  brick-kiln  one  mile  E.  by  N.  of  Broome 
church  and  about  three  miles  from  Bungay ;  at  the  Batih  Hills  opposite 
Bungay;  at  Denton  to  the  south-west  of  BuDgay;  at. a  pit  half  a 
mile  N.E.  of  Starston  railway-station ;  in  several  fine  sections  near 
Withersdale  and  Shotford  bridge,  in  the  neighbourhood  of  Harleston ; 
and  at  Diss  railway-station,  where  it  is  contorted,  and  overlain  by 
the  Fpper  Glacial.  The  Lower  Glacial  pebbly  sands  occur  at  the 
base  of  the  Bath  Hills  beneath  the  Contorted  ifnit  (which  has  been 
denuded  to  small  thickness) ;  but  the  bed  of  pebbles  exposed  in  a 
pit  within  the  gardens  of  Ditchingham  House  hard  by,  which  is 
full  of  moUuscan  remains,  appears  from  the  specific  character  of 
such  remains  to  belong  to  the  Crag,  though  tlie  Chillesford  Clay 
and  most  of  the  Crag  also  has  here  been  denuded  in  the  interval 
between  the  Crag  and  some  part  of  the  Glacial  period.  The  peculiar 
character  of  the  contorted  drift  everywhere  is  its  variability ;  and 
to  this  the  exposures  roimd  Harleston  form  no  exception. 
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N.W. 


At  Withersdale  the  uppennoBt  layers  consist  of  brown  obscurely 
stratified  marly  brick-eartb,  which   is  the  character  the  deposit 
assumes  in  the  Norfolk  clifBs  near  Weyboume.     These  are  OYGrlain 
very  unconformably  by  the  Upper  Glacial  clay,  which  in  some  of 
the  excavations  is  in  its  turn  overlain  by  Plateau  gravel.     This 
marly  brick-earth  appears,  from  other  and  not  far  distant  excava- 
tions at  lower  levels,  to  pass  down  into  alternations  of  laminated 
brick-earth  and  loamy  sand,  interstratified  in  which  there  occur  in 
one  of  the  excavations  beds  of  rolled  pebbles.     On  the  north  side  of 
the  Waveney  at  Starston  the  Contorted  Drift  presents  the  character 
which  it  possesses  at  Elsing  and  Lyng  (see  section  VI 1.),  of  a  gritty 
earth  enclosing  small  flints  and  minute  fragments  of  chalk.     Nume- 
rous as  are  the  excavations  in  the  Contorted  Drift  around  HarlcBtoiiy 
they  do  not  afford  the  means  of  showing  in  a  satisfactory  way  the 
interglacial  excavation  of  the  main  valley  of  the  Waveney,  but  only 
of  the  small  tributary  valley  at  Starston.     They,  however,  ahow 
abundantly  the  considerable  thickness  in  which  this  drift  originally 
extended  across  the  region  now  occupied  by  that  valley,  along  the 
line  of  section  XVII. 


Fig.  17. — Section  XVII,,  across  the  Waveney  VaMey  near  Harl^ston. 
(Length  4|  mile*.     Vertical  scale  17i  times  the  horizontal.) 
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Tribntaiy  valley. 

EastBnd 
ofHarieaton. 


Large  pit 
(see  flg.  18). 


ExeaTalioiu  S  ftirL  N.W.  h 
W.  of  Withendale  ohnrcii 
River  the  lower  one  in  a  laife 

Wavenej.  eaad-gaU  in  No.  tf. 


1.  The  probable  position  of  the  Chalk. 

6.  The  Contortea  Drift,  which  may  perhaps  be  underlain  by  the  Lower 

Glacial  sands,  and  even  by  the  Ohilleeford  (Crag)  beds. 

7.  Middle  Glacial. 

8.  Upper  GladaL 

.10.  Postglacial  vaUey-grayel  and  recent  alluTium. 

N.B.  The  central  portion  of  this  line  of  section  is  ooi^'ectural  for  want  of 
open  sections  such  as  occur  at  either  extremity. 

It  is  not  unlikely  also  that  the  interglacial  main  valley  is  con- 
cealed beneath  the  alluvium  which  covers  the  bottom  of  the  ex- 
ceptionally wide  elbow  in  the  valley  at  this  point. 

The  importance  of  the  Starston  excavation  consists  in  its  having 
afforded,  when  we  examined  it  in  1871,  the  only  indication  besides 
the  bed  a  of  the  Tare  valley  which  we  have  been  able  to  discover  of 
a  land  surface  having  existed  during  the  interval  represented  by  the 
unconformity  and  denudation  that  we  have  been  describing. 

In  this  excavation  (section  XVIII.)  there  occurs  upon  the  denuded 
surface  of  the  Contorted  Drift,  and  between  it  and  the  overlying 
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Middle  Glacial  a  thin  bed  of 
dark  brown  loam,  which  also 
fills  a  potholo  excavated  some 
5  feet  or  thereabouts  in  that 
drift. 

After  what  we  have  observed 
as  to  the  action  of  percolating 
water  on  the  Bed  Grag,  and 
especially  the  enwrapping  of  a 
prominence  of  Crag  by  bands  of 
dark  brown  loam  prodaced  from 
ihe  ditsolntion  of  the  Crag  ma- 
terial by  the  percolating  water 
(see  section  IL),  we  are  far  from 
sore  that  the  loam  thns  spread- 
ing over  the  denuded  surface 
and  filling  the  pothole  was 
formed  as  a  surface  soil,  and 
the  pothole  excavated  during 
the  interval  represented  by  the 
denudation  which  we  have  been 
discussing;  and  both  the  loam 
and  pothole  may  be  due  only  to 
percolation  ;  but  we  think  that 
as  no  sign  appeared  of  the  sand 
itself  following  the  loam  into 
the  pothole,  there  is  some  pro- 
bability of  tiiis  bed  really  repre- 
senting an  interglacial  land  snr- 
face.  It  is  also  worthy  of  no-  | 
tioe  that  the  interglacially  de-  5' 
noded  alc^  of  the  Contorted  c 
Drift  is  aLnoet  coincident  with  |. 
the  postglacially  re-excavated  ^ 
▼alley-slope.  p 

Having  regard  to  the  two 
lines  of  sections  XVL  and 
XVn.  across  the  Waveney  at 
distant  p<Hnts,  and  to  what  we 
bavB  described  as  to  the  pre- 
smoe  of  the  Middle  Glacial 
along  the  valley-sides  generally 
down  to  the  edge  of  the  sheet  of  Postglacial  gravel  which  fills  the 
valley-bottom  in  some  parts  (as  for  some  miles  on  either  side  of 
BongayX  ^^^^  ^  ^^  ^^  ^^  ^^®  alluvium  sheet  elsewhere,  there 
seems  to  us  no  reason  to  doubt  that  the  valley  of  the  Waveney  is  of 
interglacial  origin,  like  the  other  valleys  of  Norfolk  which  we  have 
been  describing,  and  like  the  valleys  of  Suffolk  which  we  have 
presently  to  describe.  The  following  hypothetical  section  (XIK.) 
lepresents  what  we  believe  to  be  the  true,  though  concealed,  structure 
of  this  vaUey. 
a  J.  G.  S.  No.  129.  H 
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Fig.  19. — Hypothetical  Section  (XIX.)  sTiowing  the  general  Structure 
of  the  Waveney  Valley,    (Vertical  scale  ITJ  times  the  horizontal.) 


1.  Formations  older  than  the  Contorted  Drifl. 

6.  Tho  Contorted  Drift. 

7.  The  Middle  Glacial,  including  therein  any  yalley-bed  of  interglacijj 

age  that  may  be  concealed  under  the  alluvium  Ac. 
8^  Upper  QlaciaL 

9.  Gravels  posterior  to  No.  8. 

10.  Postglacial  Tallej-grayel  and  recent  alluTium. 

It  seems  to  us  that  the  high  ground  of  Central  as  well  as  much  of 
that  of  East  Suffolk  is  underlain  hy  the  Contorted  Drift ;  hut,  with 
the  exception  of  a  very  few  exposures,  this  is  concealed  everywhere 
by  the  Upper  Glacial,  while  the  Middle  Glacial  intervenes  in  the 
same  irregular  way  in  which  it  occurs  over  the  Contorted  Drift  in 
that  part  of  Northern  Norfolk  to  which  the  Upper  Glacial  does  not 
extend. 

It  is  our  view  that  into  the  troughs  or  valleys  which  were  inter- 
glacially  excavated  in  the  Lower  Glacial  and  Crag  and  other  older 
beds,  the  Upper  and  Middle  Glacial  were  bedded  so  as  to  obliterate 
those  troughs  more  or  less.  Most  of  the  troughs  thus  filled  in 
have  been  re-excavated  postglacially,  so  as  to  form  the  present  lines 
of  drainage ;  but  others  have  not ;  and  among  them  is  the  supposed 
south-easterly  continuation  of  the  Waveney  valley  to  which  we 
have  already  adverted.  The  map  which  accompanies  our  ^<  In- 
troduction" shows  that  the  Lower  Glacial  beds  crop  out  con- 
tinuously* along  both  sides  of  the  Tare  valley  below  Norwich 
down  to  its  inosculation  with  that  of  the  Waveney,  where  this 
bends  to  the  north-west  and  where  section  no.  XVI.  is  taken,  as 
they  do  also  along  the  northern  side  of  the  rest  of  the  Waveney  valley 
for  some  distance  in  the  direction  of  Becdes. 

On  both  sides  of  the  river  at  and  near  Becdes  the  Chillesford 
beds  and  Lower  Glacial  sands  are  present ;  but  between  Becdes  and 
Lowestoft  we  could  find  no  trace  of  either  on  the  south  side  of  the 
Waveney  t,  and  the  Middle  Glacial  overlain  by  the  Upper  Glacial 
seems  to  stretch  along  the  valley-side  from  Becdes  to  near  Lowes- 
toft. Now  it  is  through  this  part,  south-eastward  to  the  coast  at 
Kessingland,  that  we  consider  the  inosculated  intergladal  trough  of 

*  This  continuity  is  doubtless  less  than  represented  in  the  map  referred 
to,  owing  to  the  concealment,  in  places,  of  the  Lower  by  the  Middle  Glacial  on 
the  Talley-sides ;  but  this  could  not  well  be  represented  on  the  small  scale  of 
the  map. 

t  Ezoepi,  possiUy,  the  bed  mentioned  at  page  96  as  occurring  at  the  bottom 
«f  the  cutting  of  the  Lowestoft  branch  Bailway. 
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the  Waveney  and  Tare  extended,  which,  haying  IXfen  filled  in 
with  the  Upper  and  Middle  Glacial,  has  not  been  re-^crfvnted,  re- 
maining as  a  low  tableland,  of  which  the  cliff  between  CkJrehithe 
«Bd  Lowestoft  forms  the  natoral  section.  It  is  in  the  oentsre  of 
this  trough,  thus  intersected  by  the  cliff;  that  the  well-'knbwn 
Keasingland  deposit  lies,  occupying  at  that  point  a  shallow  v&lley 
excavated  out  of  the  ChiUesford  GltLj  and  Lower  Glacial  sands,  as 
tile  sections  which  accompany  the  separate  paper  by  one  oi  us  on 
the  KMsingland -Cliff  section  shew  (see  p.  135).  We  subjoin  a  small 
aketbh  mxp  to  make  this  description  more  intelligible. 

Kg.  20.—Shetdi  Map.    (Scale  10  mnes  to  the  inch.) 

Tftimonth. 


Xopten  imd  Corton  Cltffii. 


Lowpfltoft. 


Pakdleld  and  ZflMinglaBd 


SMton  and  Cordiithe  Clifli. 


Surer  B^th. 


Danwidh  Cliff. 


Upper  and  Middle  Oladal. 
Lower  Olaoial  and  Chillea- 
Ibzdbeda. 

Hie  unahaded  parta  by  the  rivera  are  occupied  hj  recent  aUaTium. 

The  broken  lines  on  either  ride  of  Pakefield  and  Kessingland  cliffii  indicate 

the  eoppoeed  continuation  of  the  inter^ladal  Yallev  of  the  Wareney. 
The  two  linee  across  rivers  are  those  of  sections  XY.  &  XVL 

N.B.  At  the  point  marked  with  a  cross  a  little  wi^  S.W.  of  Lowestoft,  and 
about  10  fhrlongs  inland  from  Pakefield  ClifT,  tliere  occurs  on  low  ground  an 
«iesvation  vs  motded  brick-earth  resembling  the  ICamraalian  bed  of  Eessine-* 
land  Cliff;  but  we  are  not  asrare  whether  it  be  that  bed  or  the  Contorted  DaOa 

If  these  Tiews  are  right,  there  seems  reason  for  mispecting  that 
this  Keasingland  bed,  ooutaining  mammalian  remains  and  rootlets 
4whi<^  is  directly  overlain  by  the  Middle  Glacial),  may  belong  to 
the  period  of  interglacial  Talley-excayation  we  have  been  discossing^ 
•  Th^^  Lower  Glacial  beds  of  Easton  and  Covehithe  clifib,  and  those 

h2 
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inland  of  tho^blifb  which  are  shown  in  the  sketch  map  as  stretch- 
ing weB^^ji'  on  the  north  side  of  Blyth,  consist  of  the  Pebbly 
sands  £ds.the  most  part  resting  on  the  Chillesford  beds,  though  in 
ihe  neiglibourhood  of  Halesworth  and  Henham  they  have  taken  the 
place.  9f.  these  latter  and  lie  np  against  a  low  cliff  or  foreshore  of 
th0  'CblUesford  Clay  in  the  condition  of  thick  masses  of  beadied 
shiiigle— a  feature  which  we  regard  as  dne  to  the  conversion  of  that 
''olay  together  with  the  Crag  into  land  between  the  close  of  the  Crag: 
im'd  the  commencement  of  the  Glacial  periods.    Everywhere  alon^ 
'the  oatcrop  of  these  pebbly  sands,  the  Contorted  Drift  seems  to  have 
been  removed,  the  only  remnants  that  we  discovered  between  the 
Waveney  and  the  Aide    being  at  Sotterley  brick-kiln   (yielding^ 
traces  of  Mactra  omits  and  Tellina  balthica%  and  a  doubtful  one  at 
the  north  end  of  Easton  Cliff,  which  is  also  exposed  in  a  pit  a  short 
way  inland  near  Covehithe  church.  Along  the  south  side  of  the  Blyth, 
from  a  point  a  little  east  of  Halesworth  to  the  sea,  we  could  detect  no 
signs  of  the  Lower  Glacial  pebbly  sands,  or  of  the  Chillesford  Clay, 
and  the  Middle  Glacial  seems  to  go  down  to  the  water-level,  indi- 
cating, as  it  appears  to  us,  another  space  of  intergladal  denudiation ; 
and  from  this  neighbourhood  southwards  we  lose  trace  of  any  thing 
that  can  be  identified  with  the  Lower  Glacial  sands;  ind^  the 
masses  of  shingle  around  Halesworth   and  Henham,  into  which 
these  sands  change,  coupled  with  their  highly  oblique  bedding,  seem 
to  show  that  the  southern  shore-line  of  the  sea  depositing  such  sands 
passed  somewhere  near  those  places.      Along  the   coast-section 
southwards  also  we  lose  all  trace  of  the  Contorted  Drift ;  but  inland 
we  found  what  seemed  to  be  an  immense  and  deep  excavation  in  it 
at  Blaxhall,  on  the  tableland  between  the  rivers  Aide  and  Deben. 
Unfortunately  this  excavation,  though  dry  to  the  bottom,  was  mostly 
overgrown,  and  tlie  section  obscured  ;  but  a  mass  of  marl  imbedded 
in  r^  brick-earth  exactly  resembling  that  of  the  Contorted  Drift  in 
the  Norfolk  cliff,  was  exposed  at  one  part,  and  a  short  way  off  was  a 
small  pit  in  another  mass  of  marl,  while  good  sections  of  the  Upper 
resting  on  the  Middle  Glacial  occurred  within  half  a  mile.    Had 
this  exposure  stood  alone,  we  should  have  hesitated  to  call  it  a 
protrusion  of  the  Contorted  Drift  through  this  tableland ;  but  the 
discovery  of  several  such  protrusions  which,  in  our  opinion,  are  free 
from  all  question,  many  miles  to  the  south,  on  the  tableland  dividing 
tftie  Deben  from  the  Orwell,  leaves  no  doubt  in  our  minds  that  the 
Contorted  Drift  overlapped  ^e  pebbly  sands,  and  stretched  southwards 
in  considerable  thickness  at  least  as  far  as  the  extremity  of  Suffolk. 
This  Blaxhall  protrusion,  like  those  north-west  of  Lowestoft, 
through  one  of  which  the  line  of  section  XYI.  (p.  97)  is  carried,  and 
those  at  Woodbridge  and  Kesgrave  (sections  XX.  and  XXL  pp.  104, 
105),  indicates,  as  it  r ecros  to  us,  that  the  tableland  dividing  the  Aide 
from  the  Deben  is  underlain  by  the  Contorted  Drift,  and  that  the 
valleys  of  both  these  liven  have  been  excavated  out  of  it.    Indeed,  if 
we  are  right  in  this,  a  line  of  section  drawn  through  the  Blaxhall 
protrusion  from  the  valley  of  the  Deben  to  that  of  the  Aide  would  is 
all  respects,  save  that  the  tableland  would  be  capped  throughout 
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with  the  upper  Glacial  in  addition,  be  identical  in  character  with  that 
drawn  through  the  Kesgravo  and  Ipswich  protmsions  from  the  valley 
of  the  Deben  to  that  of  the  Orwell,  which  is  given  in  section  XX. 

^peaking  of  the  two  outliers  of  the  Contorted  Drift  at  Blaxhall 
and  Kesgrave  in  the  befor^mentioned  "  Introduction,''  we  observed 
tiiat  we  thought  it  most  probable  that  the  tablelands  dividing  the 
.estuaries  of  East  Suffolk  from  each  other,  and  through  which  we 
there  gave  a  line  ot  section  (A),  were  underlain  by  Uie  Contorted 
Drift  interposed  between  the  Bed  Crag  and  the  Middle  Qladal. 
With  only  a  knowledge  of  these  two  outliers  we  did  not  feel  justified 
in  actuaUj  representing  those  tablelands  as  thus  undermn,  and, 
subject  to  such  remark,  preferred  to  represent  them  as  occupied  by 
the  Middle  Glacial  only  resting  upon  the  Crag.  The  subsequent 
discovery,  however,  of  the  protrusion  at  Woodbridge  and  Hasketon, 
shown  in  section  XXI.,  where  the  Contorted  Drift  is  overlain  by  the 
Upper  Glacial,  and  the  discovery  by  Mr.  Whitaker  of  similar  protru- 
sions at  Kirton  and  Trimley,  which  he  communicated  to  us,  leave 
no  doubt  on  our  minds  that  what  we  alluded  to  in  our  '*  Introduc- 
Uim  "  as  most  probable  does  in  fiict  exist. 

The  section  marked  P  accompanying  the  map  given  in  the  same 
**  Introduction  "  should  in  a  sinular  way  be  corrected  by  the  inser- 
tion of  a  remnant  of  the  Contorted  Drift  between  the  Crag  and  the 
Middle  Glacial,  where  the  height  of  the  hill  (about  Crane  Hall), 
raises  the  inference  that  it  is  similarly  underlain  to  that  on  the 
opposite  side  of  the  Orwell,  which  forms  section  XX.  of  the  present 
paper. 

The  outlier  at  Woodbridge  is  evidently  of  great  thickness,  from 
the  height  which  it  attains  above  the  Red-Crag  level.  It  consists 
of  fiHty  ash-coloured  brick-earth  in  some  places,  and  of  tougher  blue 
brick-earth  in  others;  and  in  one  excavation  these  are  contorted 
together,  the  whole  being  capped  by  varying  thicknesses  of  the 
Upper  GladaL  At  Eesgrave  the  outlier  must,  from  its  elevation 
above  the  Crag-level,  be  of  equal  thickness ;  and  it  consists  of  both 
light-coloured  silty  and  tough  blue  brick-earth  in  different  parts 
of  the  excavation,  while  one  of  the  earlier  pits  now  filled  with 
water  is  in  a  mass  of  impure  marl,  of  which  many  examples  occur 
in  the  Cromer  diff.  The  protrpsions  at  Kirton,  Trimley,  and 
Ipswich  racecourse  are  in  similar  brick-earth;  and  there  is  little 
doubt  that  they  are  all  exposures  of  the  thicker  and  least-denuded 
portions  of  one  continuous  formation,  out  of  which  the  valleys  of  the 
East-Suffolk  estuaries  were  interglacially  excavated.  The  Mne  of 
section  XX.  is  carried  through  the  Kesgrave  exposure,  from  one 
of  the  lateral  valleys  that  open  out  to  the  main  vaUey  of  the  Deben 
to  tibe  valley  of  the  Orwdl,  and  is  susceptible  of  verification  by 
the  numerous  open  sections  which  occur  along  it. 

If  our  representation  is  correct,  we  have  here,  as  far  as  regards 
the  Contorted  Drift  and  Middle  Glacial,  precisely  the  same  kind  of 
section  as  the  North-Norfolk  cliff  affords ;  and  a  similar  section  of 
the  same  tableland  would  be  afforded  by  a  line  carried  parallel  to, 
and  about  eight  miles  east  of  No.  XX.,  through  the  Kirton  and 
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Trimley  outliers,  the  only  difference  being  that  the  Kirton  protru- 
sion is  partially  capped  with  a  patch  of  the  Upper  GlaciaL 

Loo^Jig  at  the  lines  of  section,  as  far  as  they  are  warranted  by 
the  actual  exposures,  it  would  appear  as  though  the  interglacial 
valleys  thus  excavated  were,  though  much  wider,  shallower  than 
the  present  ones ;  but  there  are  facts  which  point  to  the  inference 
that  in  the  same  way  that  the  valley  of  the  Yare  was  deeper  inter- 
glacially  than  it  now  is,  so  that  of  the  Deben  (and  therefore,  as  an 
almost  necessary  sequence,  the  other  valleys  of  South  Suffolk)  was 
somewhat  deeper  interglacially  also.  For  instance,  the  Middle 
Glacial  overlain  by  the  Upper  seems  to  plunge  down  so  complet^y 
into  the  bottom  of  one  of  the  principal  lateral  valleys  which  epen 
out  into  that  of  the  Deben,  that,  unless  this  were  the  case,  the 
valley  could  have  had  no  outlet.  Section  XXL  illustrates  this,  aa 
well  as  the  position  of  the  important  outlier  of  the  Contorted  Drift 
at  Woodbridge  and  Hasketon,  the  much  steeper  character  of  the 
interglacial  valley-slopes  formed  by  it  being  proved  by  the  great 
excavation  in  the  Middle  Glacial  on  the  east,  and  by  the  well  sunk 
through  the  Upper  and  Middle  Glacial  on  the  west  side  of  it.  In 
this  section  the  sand  overlain  by  the  Upper  Glacial  Clay  which  fiUa 
the  bottom  of  the  rivulet-valley,  is  referred  to  the  Middle  Glacial 
(which  is  clearly  recognizable  where  it  underlies  the  Upper  Glacial- 
above  the  railway-cutting) ;  but  there  is  some  uncertainty  whether 
it  be  not  the  sand  formed  by  the  dissolution  of  the  Crag ;  but  as  it 
descends  below  the  general  level  of  the  London-Clay  floor  of  the 
Crag  (which  is  well  exposed  in  an  adjoining  valley  where  the  Middle 
Glacial  sweeps  down  below  it  in  the  way  dbown  in  this  section),  we 
have  shown  it  as  belonging  to  that  formaticMi. 

It  is  not  improbable  also  that  the  bed  10,  represented  as  valley- 
gravel,  through  which  the  Finn  river  and  the  Deben  are  Teprweskiid 
as  cutting,  may  be  underlain  by  Middle  Glacial  gravel,  or  be  that 
gravel  postglacially  reconstructed. 

The  sinking  of  the  well,  shown  in  fig.  22^  was  watched  and 
measured  daily  by  one  of  us,  and  was  interesting  as  furnishing  a 
perfectly  clear  scarped  section  of  this  tableland  down  to  the  Crag- 
level,  at  a  point  but  little  more  than  half  a  mile  from  the  numerous 
excavations  in  the  Contorted  Drift  overlain  by  Upper  Glacial,  which 
occur  at  the  Woodbridge  and  Hasketon  brick-pits ;  and  it  proved 
that  this  Drift,  and  any  other  formation,  such  as  the  Chillesford 
day,  which  may  have  existed  between  it  and  the  Red  Crag,  had 
been  completely  removed  before  the  deposition  of  the  Middle  GlaciaL 
It  also  disclosed  that  the  band  of  broken  shells  a  few  feet  below  the 
junction  of  the  Middle  with  the  Upper  Glacial,  which  is  so  constaat 
around  Yarmouth,  and  from  which  were  obtained  the  species  given 
as  from  this  formation  in  the  Supplement  to  the  '  Crag  MoUusca,'  was 
also  present  here ;  and  we  obtained  from  it  fri^gments  of  the  fol- 
lowing species : — TelUna  crassa^  GmeL,  Mya  arenaria^  linn.,  Madra 
areiMta?,  linn.,  Cyprina  islandica,  Sow.,  Cardium  eduU,  lin.,  Pec- 
iunculus  glycymeris^  linn.,  Pecten  opercularu^  linn.  The  particulars 
of  the  sinHng  were  as  follows : — 


Digitized  by  VjOOQIC 


Middle 
GUeiml 


LITIS  TBSnART  BWOLOer  OF  XA8I  AKOLIA.  107 

ft. 

Upper  Gkdal  olaj  6 

'Coaree  gravel 3 

Fine  gravel,  oontainin^  ahell-f ragmen  U  and  1      q 

gradually  changing  into  j 

Bufftand  46 

Bed  Crag  with  ihella  6 

Sed  Crag  in  water    4 

Total 67 

Then  was  nothing  in  this  deep  section  answering  to  the  sands 
described  in  the  fint  part  of  this  paper  as  altered  Crag,  the  ooarse 
•aediaroid  bnff-colonred  Middle  Glacial  sand  (in  the  tipper  part 
of  which  occurred  the  gravel  with  shell-fragments)  being  uniform  in 
thmneter  t^iroughout  its  whole  thickness,  and  resting  directly  on 
•belly  orag.  This  altered  crag  occurs,  however,  in  a  pit  at  Seckford 
Hall,  in  a  small  valley  about  two  furlongs  from  the  Well-seotioD. 

In  the  before-mentioned  ^^Introduction"  we  spoke  of  a  brick- 
earth  at  Stowmarket,  in  the  valley  of  the  Gipping,  as  Postglacial ; 
\nxk  Mr.  Whitaker  informed  us  that  this  had  been  by  further  exca- 
▼atiim  exposed  as  passing  under  the  Upper  Glacial  day*.  Some 
other  expoeures  of  the  same  deposit  occur  also  in  the  neighbourhood 
ai  the  Gipping  valley  (which  is  tiie  continuation  of  that  of  the  Orwell), 
while  on  tJie  wide  tableland  which  divides  this  valley  from  that  of  a 
rivulet  flowing  into  the  Little  Ouse,  a  protrusion  of  the  same  deposit 
oeeors  (as  we  are  informed  by  Mr.  Whitaker)  at  Woolpit,  five  miles 
north-west  of  Stowmarket.  When,  some  years  ago,  we  examined  the 
many  jnts  at  Woolpit,  we  found  one  showing  the  brick-earth  over- 
lying the  Upper  Glacial,  and  none  showing  it  beneath  that  formation ; 
but  we  are  told  that  some  later  excavations  do  show  this,  and  that 
therrfore  brick-earths  of  two  distinct  ages,  one  above  and  one  beneath 
the  Upper  Glacial,  occur  there.  These  various  exposures  appear  to  us 
to  in^cate  that  part  of  West  Suffolk  b,  like  the  centre  and  east  of  the 
county,  occupied  by  the  Contorted  Drift,  overspread  and  concoaled 
by  the  Uppw  Glacial,  with  the  Middle  Glacial  similarly  distributed 

*  From  an  account  of  the  well  sunk  at  the  Stowmarket  brewery,  ffiven  by 
the  late  Ber.  Professor  Henalow  on  a  tablet  in  the  Ipewioh  Museum,  the  brick- 
earth  of  this  brick-field  appears  to  underlie  the  town,  and  to  possess  a  thickness 
equal  to  that  at  Kesmve  and  Woodbridge.  Finding  the  Middle  Glacial  in 
seetion  a4  the  brick-fidd  at  a  lower  lerel  than  the  section  of  the  brick-earth,  we 
were  oricinallj  led  to  re^rd  the  latter  as  over  the  former,  and  consequently  as 
Postglaoal ;  but  a  late  Tisit  by  one  of  us  to  the  spot  diselo«ed  that  the  facts  are 
"*  r  entirely  in  harmony  with  the  general  features  of  TaUer-structure  which 
laooased  in  the  text,  the  Middle  Glacial,  whidi  we  haa  supposed  to  past 
the  brick-earth,  only  lying  acainst  it  as  a  deposit  of  the  intergladal 
▼alley  cot  oat  of  that  briok-eaith.  On  the  opposite  side  of  the  riTcr  Gippins 
the  Tallery-sides  are  all  formed  ap^rent]y  by  the  Middle  and  Upper  Glaciu 
odly,  ^ducfa  are  in  section  in  the  railway-cutting  near  the  Station.  The  other 
exposures  referred  to  as  occurring  in  the  GKpping  TaUey,  are  one  at  Ckxtden- 
ham  Old  Ksll  (where  the  Contorted  Drift  is  orerlain  by  the  Upper  Glacial), 
and  the  other  by  Hawk*s  Mill,  on  the  north  side  of  Needham  Market.  This 
last  exposure  seems  to  extend  up  the  lateral  valley  which  runs  between  the  two 
Crestings.  In  both  sections  the  brick-earth  forming  this  Drift  was  contorted 
wfien  we  risited  them  several  years  ago. 
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between  them,  and  occupying  valleys  interglacially  denuded  in  the 
former  in  the  manner  already  described ;  for,  with  the  exception  of 
these  few  exposures,  the  sides  of  the  Gipping  valley  are  occupied  by 
the  Middle  Glacial,  like  those  of  the  Waveney. 

The  valley  of  the  little  Ouse  cmd  parta  of  the  valleys  of  some  of 
its  tributaries  are  the  only  instances  in  Norfolk  and  Suffolk  which, 
so  far  as  we  are  aware,  afford  any  indication  of  Preglacial  origin.  In 
this  valley,  about  Thetford  (as  also  in  that  of  the  Thet,  a  tributary 
of  the  Little  Ouse),  the  Middle  Glacial  is  not  present,  though  it  sets 
in  higher  up  it  to  the  eastward.  A  chalky  deposit,  very  gritty,  tbrm- 
ing  extremely  light  land,  and  much  rosembhng  in  aspect  the  Coa* 
tbrted '  Drift  as  it  exists  round  Holkham,  in  North-west  Norfolk, 
occurs  within  the  slopes  of  the  Thet  and  little-Ouse  valleys,  as  well 
as  aa  the  heights  at  and  around  Thetford ;  but  whether  thid  is  the 
Contorted  Drift,  or  an  abnormal  form  of  the  Upp«r  Glacial,  we  have 
not  been  able  to  satisfy  ourselves.  There  is  also  at  the  brick-kiln 
on  the  high  ground  about  a  mile  north  of  Thetford  a  laminated 
brick-earth  overlying  a  bed  of  marl  or  reconstructed  chalk  which 
rests  on  glaciated  chalk,  and  which  we  have  regarded  as  part  of  the 
Contorted  Drift.  It  is  possible,  howeyer,  notwithstanding  their  not 
being  oonffned  to  the  valley,  that  this  and  Uie  gritty  deposit  just 
referred  to  may  represent  the  interglacial  bed  (a)  of  iie  Yare  vall^ 
which  we  have  already  described  and  shown  in  sectaons  V.  &  VL 
Further  east,  up  the  Little-Ouse  valley,  and  near  to  the  common 
source  of  that  river  with  the  Waveney,  there  occur  some  exposures 
of  brick-earth  that  seem  also  to  belong  to  the  Contorted  Drift.  Of 
these  one  is  6  furlongs  north  by  east  of  Garboldisham  church,  another 
about  the  same  distance  west  of  Enattishall  church,  and  the  third 
at  Fen  Street,  Kedgrave,  the  last  of  these  being  within  the  Waveney 
valley,  whose  source  is  a  mile  west  of  it.  For  this  short  distance, 
therefore,  the  Waveney  valley  is  of  Preglacial  origin,  like  that  of 
the  Little  Ouse.  These  three  exposures  of  brick-earth  are  all  within 
a  valley  which  seems  to  have  traversed  a  hUl  of  chalk  stretching 
north  and  south  from  the  neighbourhood  of  Ixworth  to  that  of 
East  Harling,  and  which  is  now  mostly  covered  by  the  Upper  Gla- 
cial. Assuming  this  brick-earth  to  be  the  Contorted  Dnfb,  then 
that  deposit,  instead  of  covering  a  generally  level  floor,  as  it  does 
to  the  eastward,  here  enters  and  lies  in  a  valley  of  Preglacial  origin, 
of  which  the  little-Ouse  valley  in  this  part  is  a  re-excavation. 
Whether  this  valley  was  an  estuary  at  the  time  of  the  deposition  of 
the  Contorted  Drift,  or  merely  a  submarine  channel,  there  is  not 
evidence  to  show ;  but  in  view  of  the  very  considerable  submergence 
of  Norfolk  during  the  Lower  Glacial  period,  which  the  dimensions  of 
the  marl  masses  that  are  imbedded  in  the  Contorted  Drift  appear 
to  indicate,  an  estuarine  condition  of  the  Little-Ouse  valley  during 
the  deposition  of  that  drift  is  difficult  to  understand. 

Two  other  small  river-valleys  occur  in  South  Suffolk — that  of  the 
Brett,  which  flows  by  Hadleigh  into  the  Stour,  and  that  of  the  Box- 
ford,  another  tributary  of  the  Stour.  The  country  between  these 
is  occupied  by  a  tableland  of  Upper  Glacial  clay,  while  along  the 
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•idee  c(  each  valley  the  Middle  Glacial  is  exposed  beneath  it  by  the 
^alley-denudatioii.  In  the  Brett  valley  the  London-day  floor  is  ex- 
posed as  far  up  as  above  Hadleigh ;  but  although  some  traces  of  the 
Bed  Crag  have  been  found  in  it  by  the  members  of  the  Geological 
Survey,  the  Contorted  Drift  does  not  show  itself  as  coming  out  on  the 
lower  dope  of  this  valley,  unless  a  brick-earUi  occurring  at  Layham  * 
bekmgs  to  that  drift.  In  the  Boxford  valley,  however,  the  Contorted 
Drift  is  exposed  at  Boxford  brick-kiln  in  severd  sections^  in  (me  of 
which  we  found  it  ov^lain  by  the  Upper  Glacid  clay  wiUi  a  slight 
thiekness  of  Middle  Glacid  gravel  between  them.  Bdow  Boxford 
for  some  miles  the  Contorted  Drift  seems  to  occupy  the  valley-bottom ; 
mnd  on  ihe  summit  of  the  tabldand  dividing  this  valley  from  that  ^ 
the  Brett,  and  nearly  midway  between  them,  we  came,  at  a  place 
called  '^  Coyts  Tye,"  upon  a  deep  excavation  of  laminated  brick-dearth; 
which  we  r^;ard  as  most  probably  the  Contorted  Drift.  "It  is,  of 
oourse,  possible  that  this  brick-earth  may  be  Postglacid,  and  occupy 
a  hollow  in  the  Upper  Glacid  day  which  covers  the  country  aU 
round ;  but  the  depth  to  which  it  was  excavated  (upwards  d  30 
feet),  and  tiie  podtion  which  it  occupies  on  t^e  water-parting  of  the 
district,  militate  against  this  view. 

Assuming  that  our  view  as  to  the  identity  of  this  brick-earth  with 
the  Contorted  Drift  is  well  founded,  it  indicates,  in  connexion  with 
the  exposures  in  the  valley  at  Boxford,  that  the  excavation  of  these 
two  vdlevB  was  of  interglacid  origin,  and  precisely  andogous  to 
what  we  have  shown  as  obtaining  in  tiie  case  of  i^e  valleys  of  the 
Orwell  and  Deben  estuaries.  Section  XXII.  shows  what,  accord- 
ing to  our  view,  these  exposures  indicate. 

Fig.23.— /S'erftOH  XXII.,  from  the  Boxford  Valley  to  the  BreH  VaUey. 
(Length  4  miles.     Yerticd  scde  17^  times  the  horizontd.) 

VallejoftlMBrat. 

Boated  Briek-pH  at  N.  end  of 

Brkk-iita.  CoytiTye.  HAdle%h. 


Beferenoei  as  in  figs.  21  k  22. 

We  have  not  been  able  to  detect  the  presence  of  the  Contorted 
Drift  in  Essex  beyond  Bolmer,  near  Sudbury,  where  we  found  what 
we  regarded  as  tiiat  depodt  overlain  by  11  feet  of  Middle  Glacial 
ia  a  pit  half  a  mile  north-east  of  the  church ;  but,  from  some  sections 

*  The  exeaTatioDs  at  Lairham  seemed  to  us,  when  we  examined  them  in 
1809,  to  be  in  the  Woolwich  oedB  and  London  clay ;  but  Mr.  Wliitaker  inform* 
i»  that  the  Surrey  regard  them  as  being  in  a  Olaoid  bed.  They  are  overlavrt 
at  one  pla«e  hj  the  Upper  QladaL 
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mentioned  to  ns  by  Mr.  Whitaker,  it  probably  extended  fiirtiier  into 
that  ooonty,  though  now  probably  mostly  removed  by  the  intoi^ 
glacial  denudation  which  we  have  been  discusBing.  Beviewiug  tJie 
whole  case,  however,  it  seems  to  us  that  the  evidence  shows  that 
though  Norfolk  and  Suffolk  appear,  with  the  exception  of  the  ex- 
treme northern  part,  near  Cromer  (where  the  Contorted  Drift,  capped 
irregularly  by  the  Middle  Glacial,  exclusively  forms  the  country), 
to  be  occupied  almost  entirely  by  the  Upper  and  Middle  Glacial 
deposits,  yet  that  this  appearance  is  in  a  measure  deceptive,  and 
that  the  cliief  portion  of  all  this  area  is  underlain  by  a  continuatioii 
of  the  Contorted-Drift  deposit  of  North  Norfolk  more  or  less  denuded 
throughout  ite  range,  so  as  to  form  troughs  wider  and  deeper  tliaii 
the  existing  valleys,  into  which  the  succeeding  Middle  and  Upper 
Glacial  deposits  have  been  bedded  as  well  as  spread  like  a  mantle 
over  the  rest  of  the  denuded  surface.  For  a  general  view  of  t^e 
extent  to  which  the  Lower  Glacial  formation  is  exposed  over  the 
eastern  half  of  Suffolk  and  Norfolk,  we  refer  to  the  map  which  ao- 
oompanies  our  ^'  Introduction  "  before  referred  to. 

The  absence  over  the  greater  part  of  Essex  of  any  traces  of  the 
Lower  Glacial  deposits  precludes  any  satisfactory  inference  as  to 
how  far  the  valleys  of  that  county  may  have  been  formed  or  modified 
by  interglacial  denudation.  The  middle  portion  of  the  valley  of  the 
Blackwater  has  its  eastern  side  formed  by  an  escarpment  of  London 
day,  which  is  part  of  a  series  of  concentric  curved  escarpments  to 
which  that  of  the  Chalk  ext^iding  from  Cambridgeshire  to  the  Chil- 
tern  Hills  belongs.  As  it  is  evident  that  all  these  concentric  escarp- 
ments had  their  inception  in  one  disturbance,  we  may  infer  that,  if 
one  of  them  can  be  shown  to  be  Pr^lacial,  the  rest  of  the  concentric 
series  are  Preglacial  also.  The  Upper  Glacial  day  lies  up  to  t^at 
one  of  the  series  which  is  formed  by  the  Chalk,  and  shows  that  it 
had  originated  prior  to  that  day.  The  Middle  Glacial  also  in  pari 
of  Bedfordshire  occurs  in  such  a  way  as  to  indicate  that  at  the  time  of 
its  deposition  the  chalk  escarpment  had  acquired  much  of  its  present 
configuration ;  but  the  Lower  Glacial  beds  do  not  occur  anywhere 
in  such  a  position  as  to  indicate  whether  they  preceded  the  forma- 
tion of  these  escarpments.  It  is,  however,  most  probable  that  they 
did  not ;  for  these  curvilinear  concentric  escarpments  appear  to  have 
originated  in  disturbances  which  upheaved  and  terminated  the  older 
Tertiary  formations;  and  on  this  assumption  the  portion  of  the 
Blackwater  valley  referred  to  seems  to  be  of  Preglacial  origin.  In 
this  part  of  the  valley  a  bed  of  blue  day,  full  of  ^chalk  d^ris,  and 
undistinguishable  from  the  Upper  Glacial  of  the  Eastern  Counties, 
was  found,  in  sinking  a  well  at  Witham  railway-station,  to  underlie 
the  Middle  Glacial  gravel*.  Some  years  ago  we  found  what  ap- 
peared to  us  to  be  the  same  bed,  in  the  bottom  of  the  valley,  in 
some  brick-earth  pits  at  Appleford  Bridge,  near  Witham,  where  it 
passed  up,  $eemingly  ivithout  any  break,  into  sandy  laminated  brick- 
earth,  which  was  overlain  by  gravel  resembling  that  of  the  Middle 
Glacial  so  plentiful  in  the  neighbourhood.  As  this  exposure  cor- 
•  Geol.  Mag.  vol.  ▼.  p.  9S. 
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respondB  with  the  level  at  !which  the  day  was  reached  in  the  well 
it  tiie  ratlway-etation,  it  seems  to  as  that  this  bed  of  chalky  day 
tod  overlying  brick-eaith  Biay  probably  be  similar  to  that  occurring 
in  the  Tare  valley,  marked  a  in  Sections  Y.  and  YI.,  and  of  inter* 
^adal  age ;  and  if  so,  the  beds  at  Copford,  from  which  the  late 
Mr.  John  Brown  obtained  an  extensive  collection  of  the  remains  of 
Vertebrata  and  of  land  and  freshwater  MoUnsca,  may  possibly  be  of 
nmikr  age.  We  are  informed  by  Mr.  Whitaker  tfaiat  the  pits  at 
Appleford  Bridge  were  closed  when  the  members  of  the  Geologicai 
Sorvey  examined  the  district,  but  that  they  found  brick-earth  in  the 
same  part  of  the  valley,  not  far  off,  which  yielded  remains  of  fresh- 
water MoUnsca,  and  which  they  n^^arded  as  of  Postglacial  age.  In 
the  face  of  tbis  we  fed  more  hesitation  than  we  otherwise  should  in 
identifying  the  bed  at  Appleford  Bridge  with  that  in  the  Tare 
valley ;  for  tlie  evidence  available  to  guide  us  to  an  opinion  as  to  its 
predse  age  (whatever  we  regard  that  as  being)  is,  it  must  be  con- 
fessed, obscure.  Section  XX  III,  represents  the  appearance  presented 
by  the  section  when  we  examined  it. 

F\g.  24. — S'etton  XXIII,,  at  Appleford  Bridge^  near  Withatn, 


«.  Bhie  Omj  wiUj  rolled  Chalk,  identical  in  appearance  with  the  Upper 

Glacial  of  the  neighboariiood. 
b.  Sandy  Brick-earth  paeaing  down  impereeptibly  into  a. 
e.  Bed  aandy  gravel  paiting  downwar(u  into  yeliow  nnd. 
d.  GraTeUy  wash  and  hnmns.        e.  Water.        /.  Taint  Ae. 

It  was  pointed  out  by  one  of  us  *  that  the  highest  devation  to 
which  the  Middle  Glacial  attained  in  East  Anglia  was  about  360  feet, 
at  Banbury  in  Essex,  the  usual  limit  being  between  200  and  250 
feet,  the  Upper  Glacial  overlapping  it  above  these  devations  and 
resting  on  the  older  formation  direct ;  and  in  Middlesex,  at  Finchley, 
it  underiies  the  Upper  Glacial  at  an  devation  somewhat  exceeding 
800  feet.  Mr.  Penning  f  has  made  this  limit  in  elevation  and  this 
overl^>  the  basis  of  an  argument  to  prove  that  the  submergence 
was,  during  Que  deposit  of  the  Middle  Glacial,  confined  to  something 
Uke  tlie  altitude  to  which  this  formation  ranges.  The  not  unfre- 
qoent  absence  of  i^  deposit,  however,  at  low  elevations  within  the 
area  over  which  it  usually  occurs,  and  its  absence  over  a  wide  area, 
embracing  most  of  the  counties  of  Cambridge,  Lincoln,  Northampton, 
Leicester,  Rutland,  Huntingdon,  and  Bedford,  at  elevations  far  bdow 

»  GeoL  Mag.  Feb.  1870. 

t  Quart  Joum.  Gteol.  Soc.  vol.  xxxii.  p.  194. 
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these  altitudes  and  down  to  the  sea-level,  would  at  first  sight  make 
it  doubtful  how  far  this  limit  to  the  submergence  is  a  sufficient  ex- 
planation of  the  mode  in  which  the  deposit  is  distributed.  One 
circumstance,  however,  seems  to  corroborate  it,  which  is  that  the 
Middle  Glacial  gravel  at  Finchley  is  largely  made  up  of  pebbles 
derived  either  from  the  pebble-beds  associated  with  the  contiguous 
Lower  Bagshot  outliers  of  Essex  or  from  those  beneath  the  London 
Clay ;  and  we  must  suppose  that  those  sources  were  above  water  at 
the  time,  in  order  to  supply  the  pebbles,  as  these  do  not  appear  te 
have  been  introduced  by  the  action  of  glacier  ice.  The  highest  of 
any  of  these  sources  does  not  attain  an  elevation  exceeding  440  feet ; 
and  most  of  them  only  reach  elevations  nearly  1 00  feet  less  than  this, 
and  not  much  exceedmg  that  of  the  Middle  Glacial  itaelf  at  Finchley. 
If,  however,  this  limit  to  the  submergence  during  the  accumulation 
of  the  Middle  Glacial  was  the  case,  we  should  regard  it  as  an  indica- 
tion that,  so  far  from  the  glacial  submergence  having  been  an  tinin- 
terrupted  one,  an  emergence  must  have  succeeded  the  Contorted 
Drift,  because,  the  entire  thickness  of  the  Lower  Glacial  deposit 
around  Cromer  having  its^f  exceeded  200  feet,  there  must  have 
been  far  more  than  200  feet  of  water  over  it  in  order  to  trans- 
port the  bergs  which,  in  grounding,  have  deposited  such  great 
masses  of  Marl  in  that  Drift,  contorting  it  in  the  process.  Some  of 
these  masses  are  so  enormous  that  it  is  hardly  possible  to  suppose 
that  a  berg  capable  of  transporting  one  could  have  grounded  in  much 
less  than  1000  feet  of  water*;  so  that  it  seems  to  us  that  when 
these  masses  were  thus  introduced.  Northern  Norfolk  had  imdergone 
a  submergence  far  beyond  what  is  thus  supposed  to  have  prevailed 
during  the  accumulation  of  the  Middle  Glacid.  One  of  these  masses 
forms  the  entire  cliff  a  short  distance  west  of  Woman -Hy the  Gap  ; 
and  this  it  was  our  fortune  once  to  see  nearly  free  from  the  usually 
obscuring  talus ;  and  it  seemed  to  be  about  300  yards  in  length  by 
60  feet  in  height.     Its  breadth,  of  course,  was  concealed. 

It  is  dear  that  these  introductions  took  place  before  the  formation 
of  the  gravel  overlying  the  Contorted  Drift  in  the  Norfolk  diff — 
because  the  line  of  denudation  dividing  this  drift  from  the  overl}4ng 
gravel  is  dearly  defined,  and  cuts  across  the  Drift  and  its  included 
masses  indiscriminately. 

If,  therefore,  the  land  rose  after  the  formation  of  the  Contorted 
Drift  to  such  an  extent  that  during  the  deposit  of  the  Middle 
Glacial  the  depth  of  water  did  not  exceed  400  feet,  we  need  not 
hesitate  to  suppose  that  it  emerged  altogether,  and  that  the  Lower-. 
Glacial  sea-bottom  was  converted  into  land,  if  other  features,  such 
as  that  indicated  possibly  by  section  XYIU.  at  Starston,  and  the 
excavation  of  valleys  through  this  sea-bottom,  with  the  formation  in 
them  of  the  interglacial  bed  of  the  Yare  valley,  point  in  this 
£i^ection. 

"*  Bergs  of  great  dimensions  which  have  acquired  a  pinnaded  form,  and 
ffierefore  spreiMl  out  under  water  with  a  wider  base,  float  m  a  much  less  depth 
of  water  than  those  of  tabular  form ;  but,  before  they  had  time  to  a4X]uire  tnat 
shape,  thej  would  probably  have  parted  with  the  freight  of  marl  carried  at  their 
bottoms. 
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Lookliig  at  thd  dubjecfc  in  the  light  of  the  eviifence  at  present 
sraHable,  the  probabilities  appear  to  be  that  such  conversion  of  the 
se^bottom  into  land  did  take  place,  and  that  first  by  tidal  erosion 
during  its  emergence,  and  afterwards  by  subaerial  agencies,  the  de^ 
Budation  which  we  hare  been  describing  was  accomplished.  The 
pceeenoe  of  a  bed  of  day  full  of  chalk  debris  exactly  resembling  the 
Upp«  Glacial,  and  apparently  formed  by  similar  agency,  beneath  the 
M^dle  Glacial  in  the  Yare  yalley,  and  probably  in  other  East- 
Angiian  valleys  also,  seems  to  us  to  indicate  that  the  valleys  thus 
intergiaeially  denuded  became,  prior  to  their  submergence,  filled 
with  ioe.  The  interval  marked  by  the  formation  of  the  interglacial 
land-surfaee  and  valley-excavation  may,  and  indeed,  if  our  sug^^ 
tion  of  the  interglacial  age  of  the  Kessingland  bed  should  prove  to 
have  good  foundation,  must  have  been  accompanied  by  a  climate  as 
temperate  as  that  of  the  Preglacial  Eorest-bed  of  the  North-Norfolk 
coast.  The  return  of  glacial  climate  would  probably  have  first  filled 
tliese  valleys  with  small  glaciers,  and  thereby  for  the  most  part 
caused  ihe  destruction  of  any  river  or  terrestri^  deposits  which  bad 
be^i  formed  in  them,  the  Kessingland  bed  (supposing  it  to  belong 
to  this  interval)  being  one  which  escaped  this  destruction.  As  siib- 
mergence  set  in,  these  glaciers  would  retreat  before  the  sea,  which 
woi^  first  occupy  their  valleys  as  fiords,  and  in  so  retreating  would 
leave  behind  the  moraine-mat^ial  they  produced  and  extruded  at 
their  terminatioDS.  Inasmuch  as  all  the  valleys  in  which  we  find 
a  bed  of  day  with  chalk  debris  that  is  presumptively  identical  with 
the  one  in  the  Yare  valley,  shown  in  sections  Y.  and  YI.,  are,  in  the 
upper  portions  of  their  courses,  excavated  interglacially  down  to  the 
Chalk  (though  this  is  in  some  instances  conceialed),  the  debris  of  that 
fefmatkm  would  necessarily  constitute  a  large  part  of  the  moraine 
of  tJieir  ^aders ;  and  we  have  already  mentioned,  as  bearing  upon 
this  hypothesis,  that  wherever  this  bed  of  valley-clay  with  chalk- 
debris  reets  on  the  Chalk,  the  surface  of  that  formation,  for  a  few 
feet  depth,  is  in  a  highly  glaciated  condition,  forming  a  soft  greasy 
marl,  very  difibrent  from  the  condition  which  it  presents  beneath 
^he  Crag  or  Lower  Gladal  sands  through  which  the  valleys  contain- 
ing tins  moraine  bed  are  cut.  The  gradual  change  <A  day  (which, 
except  for  ita  bluer  colour,  is  in  all  respects  similar  to  this  of  the 
Norfdk  valleys)  upwards  into  stratified  brick-earth  at  Appleford 
Bridge,  in  the  Biackwater  valley,  seems  to  indicate  the  deposirion 
of  a  sedimentary  deposit  in  one  of  these  fiords  following  immediately 
on  the  leeeasion  of  the  glacier ;  and;  as  we  have  mentioned,  one  of 
tiie  sections  in  the  Yare  valley,  that  at  TroWse  Junction,  -shows 
flometiiing  similar. 

3.  CormderaHon  of  the  Mode  in  which  the  Middle  Glacial  was  accu^ 
muUUed,  and  of  the  Way  in  which  the  Sequence  of  the  Beds  posterior 
to  the  Lower  Oladal  is  to  he  traced. 

The  origin  of  the  formatioQ  of  sand  and  gravel  which  we  have 
called  the  Middle  Glacial,  and  its  succession  by  the  wide-spread 
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Boulder-day,  or  Upper  Glacial,  which  coven  so  much  of  England 
and  Scotland!,  and  of  which  only  the  oldest  or  firBt-accnmulated  por- 
tion is  present  in  East  Anglia,  seems  to  us  to  have  arisen  from  tke 
state  of  things  we  now  propose  to  describe. 

As  the  submergence  proceeded,  and  the  sea,  after  occupying,  as 
fiords,  the  interglacial  valleys  of  East  Anglia,  gradually  rose  oyear 
the  tablelands,  so  did  the  land-ice  on  the  mountain  districts  of  the 
north  of  England  accumulate  and  descend  over  the  lower  ground 
until  it  formed  a  continuous  sheet,  which  ultimately  enveloped 
probably  every  thing  as  far  as  it  extended.  The  thiclmesB  of  that 
portion  which  descended  over  Yorkshire  may  eventually  have 
amounted  on  the  lowest  ground  to  1200  or  1500  feet,  though  very 
likely  it  was  much  less ;  but  though  enveloping  high  and  low  ground 
alike,  its  principal  motion,  and  with  it  that  of  its  moraine  profonde, 
was,  as  it  seems  to  us,  through  the  greater  valleys  only,  to  their 
seaward  termination. 

Thus  a  part  moved  through  the  great  valley  of  the  Tees,  another 
part  through  the  great  valley  of  Pickering,  while  a  third  moved 
through  the  smaller  valley  of  the  Humber.  None  of  these  three* 
however,  concern  us  in  relation  to  the  East- Anglian  deposits  furtiier 
than  that  we  recognize  in  that  portion  of  the  moraine  which  passed 
through  the  valley  of  the  Humber  and  forms  the  hwer  part  of  the 
Glacial  day  of  Southern  Holdemcss,  or  that  in  which  chalk  d^ris 
is  abundant,  a  deposit  coeval  with  the  Upper  Glacial  of  East  Anglia. 
The  moraines  of  the  first  two  branches,  which  were  contemporaneous 
with  this,  were,  it  seems  to  us,  extruded  beyond  the  present  coast- 
line, and  some  way  out  in  the  present  North  Sea. 

The  largest  branch  of  the  Yorkshire  portion  of  the  sheet  is  that 
with  which  we  have  to  concern  oursdves,  as  it  is  that  to  which  the 
Upper  Glacial  day  of  East  Anglia  owes  its  origin.  This  branch 
moved  southwards  over  Lincolnshire,  as  is  proved,  not  only  by  the 
profusion  in  that  day  of  Jurassic  debris  derived  from  the  troughs 
which  lie  between  the  chalk  escarpment  and  the  respective  OoHtic 
and  liassic  escarpments  of  that  county,  but  also  by  the  occurrence 
in  it  of  lumps  of  the  red  chalk*  which  underlies  the  white  chalk  of 
that  county  and  of  Yorkshire,  but  which  ceases  near  Hunstanton, 
in  the  extreme  north-west  of  Norfolk.  This  red  chalk  d^ris  has 
travelled  in  one  direction  as  far  as  the  brow  of  the  Thames  valley, 
where  it  occurs  in  association  with  the  hard  stony  chalk  of  York- 
shire and  Lincolnshire,  which  constitutes  the  prindpal  proportion 
of  the  debris  in  the  Upper  Glacial  day  of  that  district  as  wdl  as  of 
East  Anglia  in  general ;  and  in  similar  assodation  it  has  found  its 
way  as  far  as  the  Cotteswolds,  where  it  occurs  in  gravels  which  'pto- 
bablv  represent  both  the  Middle  and  the  Upper  Glacial  of  East 
Anglia,  that  day  dying  out  about  thirty  miles  north-east  of  the 
Cotteswolds.    These  gravds  have  been  traced  by  Mr.  Lucy  t  to  alti- 

*  Some  of  these  lumps  may  be  fragments  of  the  pink  bands  which  ooeur  at 
certain  horizons  of  the  Ghalk  in  Lincolnshire  and  Yorkshire,  but  are  oonlfaied 
to  those  counties. 

t  **  The  graTels  of  the  Serem,  Avon,  and  Evenlode,  and  their  extension  over 
the  Cotteswold  Hills,'*  Cotteswold  Club,  April  1869. 
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iudee  of  700  feet  in  Glouceetersbire,  showing  that  the  sabmergence 
<y?er  that  part  of  England  had  at  this  time  reached  at  least  that 
ext^it 

This  brandi,  as  it  seems  to  ns,  and  as  we  shall  presently  explain, 
readied  as  far  south  as  the  borders  of  the  counties  of  Buckingham, 
Bedford,  Hertford,  Essex,  Suftolk,  and  Norfolk  during  the  formation 
of  the  Middle  Glacial,  the  sand  and  gravel  of  which  we  regard  as 
produced  by  powerfdl  currents  washing  out  and  searching  the  mo- 
rune  of  this  branch,  and  distributing  the  insoluble  residuum  over 
the  sea-bottom. 

By  the  time  when  this  branch  of  the  ice-sheet  reached  the  counties 
just  named,  not  only  had  the  East- Anglian  valleys  which  the  sea 
had  first  filled  and  converted  into  fiords  become  engulfed,  but  the 
whole  country  beyond  the  limit  of  the  land-ice  had  become  sub- 
merged to  the  extent  of  near  400  feet.  South  of  the  limit  which 
we  shall  presently  define,  it  seems  to  us  the  land  ice-sheet  never 
extended ;  and  the  formation  of  the  Upper  Glacial  marks  its  gradual 
recession  and  disappearance. 

This  formation  was  represented  in  a  paper  by  one  of  us*  as 
formed  by  the  extrusion  by  the  ice-sheet  of  its  moraine  and  the 
distribution  of  this  at  the  bottom  of  bergs.  Such  we  still  believe 
to  have  been  its  origin.  In  some  instances,  as  where  the  Middle 
Glacial  passes  up,  as  it  often  does,  by  gradual  change  into  the 
Upper,  this  seems  to  have  been  due  to  the  fall  of  the  moraino* 
material  from  the  Ix^tom  of  the  bei^  in  small  quantities ;  but  more 
generally,  as  where  the  Upper  Glacial  rests  sharply  and  irregularly 
on  the  Middle,  \he  dropping  seems  to  have  occurred  in  large  sheets 
or  masses.  Where  the  latter  has  occurred,  it  has  frequently  hap- 
pened that  the  clayey  mass,  having  fallen  on  sand  saturated  with 
the  Be»-water,  and  therefore  semifluid  and  yielding,  has  sunk  into 
it,  though  without  contorting  it,  and  so  given  rise  to  the  appearance 
which  was  at  first  supposed  by  us  to  indicate  a  slight  fault. 
'  Where  the  dropping  of  the  mass  occurred  on  less-fluid  though 
rtill  yielding  material,  such  as  the  brick-earths  of  the  Contorted 
Drift,  it  has  sunk  into  or  penetrated  it  to  some  extent,  but  also 
without  contorting  itt ;  and  herein  is  presented  a  remarkable  con- 
trast to  the  introduction  of  the  marl  masses  into  the  Contorted  Drift, 
which,  being  invariably  accompanied  by  contortions,  was  evidently 
due  to  the  grounding  of  beigs  during  the  accumulation  of  the  deposit 
itself. 

It  is  obvious  that  the  hypothesis  of  the  Middle  Glacial  having* 
been  deposited  while  the  eastern  side  of  England  was  submerged  to 
the  extent  of  about  400  feet,  offers  no  explanation  of  the  absence  of 
Uiat  formation  over  a  large  district  of  England  which  lies  north  of 
it  and  forms  low  ground,  unless  we  are  prepared  to  suppose  that 
a  great  change  in  the  relative  levels  of  this  part  of  our  island 

♦  Quart.  Joum.  OeoL  8oc.  vol.  xxri.  p.  90. 

t  A  Btrikiiig  seetion  of  this  is  to  be  seen  in  a  great  excavation  a  quarter  of  a  - 
mile  east  of  Yarrow  House,  and  nine  furlongs  south  of  the  bridge  over  the 
WeDsmn  at  Ooist;  a  very  little  but  of  the  line  6f  Section  YIUU 

a/.G.S.  No.129.  I 
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has  sinco  taken  place.  Of  such  a  change,  however,  we  can 
discover  no  indication,  the  great  changes  in  relative  level  having 
in  our  view  occurred  in  that  part  of  England  which  lies  south  of  tho 
Thames,  which  was  the  theatre  of  disturhance  at  the  dose  of  the 
Glacial  period ,  when  the  country  rose  from  the  sea  *. 

The  explanation  therefore  which  Mr.  Penning  has  offered  of  the 
absence  of  the  Middle  Glacial  from  the  fens  of  Cambridgeshire,  viz. 
that  the  currents  from  the  north  that  formed  it  were  entirely  ex- 
cluded from  the  valley,  seems  to  us  altogether  inadequate — ^because 
its  absence  is  not  confined  to  that  valley,  but  prevails  over  meet 
extensive  districts,  which  must  have  become  submerged  by  a  depres- 
sion of  less  than  even  200  feet;  and  the  explanation  is,  we  think, 
rather  to  be  sought  in  the  position  of  the  great  branch  of  the  land- 
ice  to  which  we  have  adverted.  We  may  either  suppose  that  the 
original  outspread  of  the  Middle  Glacial  extended  over  this  r^on, 
and  that  the  advance  of  the  land-ice  ploughed  it  out  and  destroyed 
it  along  with  much  of  the  older  formations  on  which  it  rested,  or 
that  the  land-ice  occupied  the  region  during  the  accumulation  of 
the  Middle  Glacial,  and  so  prevented  its  deposit.  It  must  be  ad- 
mitted that  neither  of  these  hypotheses  explains  the  absence  of  the 
formation  beneath  the  Upper  Glacial  in  South  Essex,  where  this 
for  some  miles  overlaps  it.  It  is  also  a  perplexing  feature  that 
some  denudation  has  occurred  in  the  bottoms  of  valleys,  by  which 
the  Upper  Glacial  (or  <jlay  undistinguishable  from  it)  rests  directly 
on  beds  older  than  the  Middle  Glacial  sand,  as  is  shown  in  Section 
XY.  in  the  case  of  the  Ket  valley,  and  of  which  instances  are  also 
to  be  found  in  the  Waveney,  Blyth,  and  Gipping  valleys.  This,  if 
the  clay  so  occurring  be  the  Upper  Glacial,  seems  to  have  taken 
place  either  during  the  accumiilation  of  that  deposit,  or  that  of  the 
Middle  Glacial,  but  to  have  been  very  partial  or  local.  "We  are  not 
prepared  at  present  to  offer  any  explanation  of  either  of  these 
difficulties ;  but,  with  this  exception,  the  latter  of  the  two  hypo- 
theses seems  to  harmonize  with  all  the  phenomena  surrounding  the 
question,  as  we  will  endeavour  to  show. 

In  a  paper  by  one  of  us  on  tho  correlation  of  tho  Scotch  and 
English  Glacial  deposits  f,  the  sequence  of  the  Glacial  formations 
posterior  to  the  Contorted  Drift  (that  is,  posterior  to  the  inteigladal 
unconformity  already  discussed)  was,  it  was  attempted  to  be  ^own, 
both  vertical  and  horizontal,  and  much  more  the  latter  than  the 
former.  In  following  the  South- Yorkshire  coast-section  this  is 
clearly  seen ;  for  the  day  which  near  the  Humber-mouth  and  for 
some  twenty  miles  north  of  it  forms  the  lower  part  of  the  diff,  and, 
as  proved  by  borings,  descends  to  a  considerable  depth  beneath  the 
beach,  is  as  full  of  rolled  chalk  as  is  the  East- Anglian  Upper  Glacial, 
with  which,  indeed,  we  identify  it.  Where  the  Glacial  beds  remain 
least  denuded  this  clay  is  seen  to  be  succeeded  upwards  (in  sections 
100  feet  and  more  in  height)  by  clay  containing  chalk  debris  in  lees 
and  less  quantities,  till  in  the  uppermost  portion  of  the  diff-section, 

*  Quart.  Journ.  Geol.  Soo.  vol.  xxxii.  p.  198. 
t  Geol.  Mag.  April,  1872. 
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bdow  the  capping  of  Postglacial  day  (called  by  us  and  by  Mr.  Borne 
the  Hesale  day*),  this  d^ris  disappears  altogether.  Following  the 
difT  northwards  we  see  precisely  the  same  change  taking  place  in  a 
horiz<mtal  direction,  nntil,  as  we  near  Elamboroogh  H^,  where 
the  chalk  floor  rises  above  the  beach,  this  debris  disappears  from 
Uic  day  altogether,  and  the  clay  which  capped  the  cliff  farther 
south,  and  was  underlain  by  a  great  thickness  of  day  filled  with 
Tolled  chalk,  rests  upon  the  Chalk  direct,  save  where  in  the  old 
boried  goi^es  of  the  chalk  floor  it  is  underlain  by  moraines  formed 
purdy  of  rolled  chalk  that  occupy  these  gorges,  and  are  evidently 
OMixieoted  with  the  great  mass  of  day  whic^  is  so  full  of  the  same 
material  furdier  south.  Thus  the  clay  without  chalk  spreads  for  a 
certain  distance  southwards  over  the  clay  with  chalk,  but  gradually 
takes  its  place  northwards ;  and  this  is  the  same  kind  of  sequence  and 
rdation  which  obtains  between  the  Upper  and  the  Middle  GladaL 

Let  us  now  suppose  that  the  branch  of  the  land-ice  to  which  the 
Upper  and  Middle  Glacial  of  East  Anglia  were  due  extended  south- 
wards in  such  a  way  that,  avoiding  all  but  the  extreme  west  of 
Norfolk,  it  touched  the  west  of  SuiFolk  a  little  east  of  Thetford 
(pk>i^hing  out  and  destroying  in  its  course  whatever  beds  of  Lower 
ffladal  age  may  have  be^i  there),  and  that  from  this  point  its  edge 
trended  south-westwards  by  Newmarket  and  along  the  chalk  escarp- 
m»it  of  Cambridgeshire  to  Baldock,  whence,  after  making  a  little 
bend  towards  Biggleswade,  it  stretched  to  the  borders  of  Buck- 
inghaxnahire.  This  boundary  would  (except  so  far  as  the  excess  of 
altitude  above  300  feet  causes  the  absence  of  the  formation)  roughly 
d^ne  the  westerly  limit  of  the  Middle  Gladal  in  Norfolk,  Suffolk, 
and  Essex,  and  its  northerly  limit  in  Hertfordshire  and  Bedfordshire. 

Our  knowledge  of  the  Midland  Counties  does  not  allow  us  to 
define  the  western  continuation  of  this  boundary  with  precision ; 
but  gravels  and  sands  underlying  the  Upper  Glacial  (chalky 
portion)  occur  in  Buckinghamshire,  Warwickshire,  and  Leicester- 
shire, weet  of  a  line  drawn  northwards  from  the  termination  of  the 
already  defined  boundary  towards  Leicester,  though  these  are  fre- 
quently (and,  indeed,  generally  in  a  north-westerly  direction)  over- 
lapped by  the  Upper  Gladal  resting  directly  on  the  older  formations. 
Tbeae  graveb  seem  to  represent  tbe  Middle  Glacial,  both  in  podiion 
and  also  in  some  degree  in  extent  of  outspread ;  but  the  gravels 
infeiior  to  the  Upper  Gladal  which  occur  within  the  space  described 
by  this  boundary  are  so  extremely  rare  and  sporadic  that  they  seem 
doe  to  some  local  action  during  the  accumulation  of  the  Upper 
Glacial,  and  not  to  bdong  to  our  East- Anglian  formation  f. 

*  Tbe  capping  bed  of  Hesele  day  does  oontain  ohalk  debris,  but  not  of  the 
rdled  ch&racter  of  tbe  Gladal  olay  below,  bein|^  more  or  lees  subaiurular. 

t  An  eztensiTe  outspread  of  sand  occurs  in  Oncolnshire  on  the  Liassio  and 
Oolitic  ocarpmentfi ;  but  this  can  be  traced  eastwards  as  passing  over  the  Upper 
GOaeiaL  There  is  also  a  conriderable  sand  formation  in  the  north  of  Nottan^ 
hamahire ;  but,  so  far  as  we  are  able  to  judge,  this  seems  connected  with  t£e 
later  part  of  the  Upper  Glacial,  viz.  that  of  which  we  haye  rooken  as  taking 
the  place  of  and  partially  oyerlying  the  day  containing  chalk  debris,  or  else  witn 
the  Heasle  sand. 

t2 
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Over  the  area  thus  defined,  it  Beems  to  us,  the  ice  rested  daring 
the  accumalatioii  of  the  Middle  Glacial,  and  so  kept  that  formation 
out  of  it ;  and  the  cause  (whateTer  it  was)  which  put  an  end  to 
the  formation  of  sand  and  gravel,  at  least  in  the  neighbourhood 
of  the  land-ice,  was  coincident  with  the  commencemmit  of  a  reoos- 
sion  in  that  ice.  As  this  recession  progressed  the  moraine-material, 
no  longer  washed  out  and  distributed  over  the  sea-bottom  as  gravel, 
was  left  behind  in  a  continuous  form  as  unstratified  Glacial  clay. 
Some  of  it,  perhaps  the  greater  portion,  remained  as  extruded  ;  bnt 
part  of  it  was  carried  at  the  bottom  of  bergs  as  they  broke  off,  and 
dropped  as  before  described,  partly  over  the  previously  spread-ont 
gravel  and  partly  over  or  onto  previously  extruded  moraine-material 
which  had  been  left  undisturbed.  The  presence  of  the  thin  sand- 
bed  in  the  midst  of  this  unstratified  clay  with  rolled  chalk  at  the 
base  of  Dimlington  Cliff,  in  Holdemess,  which  contains  Nucula  Cob- 
boldias  and  other  MoUusca  in  the  condition  in  which  they  lived,  is 
thus  explicable ;  for  the  MoUusca  having  established  themselves  on 
the  suiface  of  the  submarine  moraine  which  the  receding  ice  had 
left,  were  afterwards  covered  up  and  destroyed  by  the  descent  from 
the  bottom  of  a  berg  of  a  mass  of  the  subsequently  extruded  mo- 
raine-material which  such  berg  had  carried  away.  Thus  the  forma- 
tion of  Glacial  clay  went  on  principally  in  the  immediate  contiguity 
of  the  ice,  where  it  arose  from  the  extruded  material  being  left  by 
the  ice  in  its  recession,  and  subordinately  at  a  little  further  distance 
from  it,  where  it  arose  from  the  same  material  being  dropped  on 
the  sea-bottom  over  previously  accumulated  formations. 

So  long  as  the  land-ice  rested  upon  Lincolnshire  and  South  York- 
9hire  this  moraine-material  was  principally  made  up  of  the  debris 
of  the  Chalk  and  of  the  softer  beds  of  Jurassic  age ;  but  as  it  shrank 
back  into  Yorkshire,  this  d^ris,  graduallv  lessening,  eventually  ceased, 
its  place  being  taken  by  the  debris  of  formations  lying  norili  of  the 
Yorkshire  Chalk  Wold  with  which  the  day  without  ch^  d^ris  that 
both  overlies  the  clay  with  this  debris  and  gradually  takes  its  place 
northwards  is  filled.  A  glance  at  our  map  in  the  ^  Introduction  to 
the  Crag  MoUusca '  Supplement,  wiU  show  that  in  South-east  Suffolk 
and  in  Northern  NorfoUc  the  Middle  Glacial  coming  out  from  beneath 
the  upper,  extends  far  beyond  it,  a  solitary  patch  or  two  of  the  latter 
occurring  here  and  there  over  the  former,  indicating  some  exoep- 
tionaUy  distant  drift  of  the  moraine-material ;  and  a  similar  feature 
is  presented  by  North-east  Essex,  and,  to  some  extent,  by  Hertford- 
shire also.  In  this  we  get  a  precisely  paraUel  feature  to  tliat  pre- 
sented in  the  overspread  of  the  Upper  Glacial  clay  with  roUed  chalk 
debris  in  Holdemess,  by  the  later  clay  without  tiiat  debris ;  and  in 
this  respect  and  in  the  horizontal  succession  of  the  older  deposit  by 
fhe  newer  in  a  northerly  direction,  the  relation  of  the  Middle  Glacial 
:to  the  Upper  in  East  Anglia  seems  identical  vrith  it.  The  paraUel 
may  be  even  pursued  f ur^er ;  for  just  as  the  clay  destitute  of  chalk 
•d^ris  is  but  thinly  spread  over  the  clay  containing  it,  and-  assumes 
far  greater  thickness  as  it  takes  its  place  horizontaUy,  so  is  the  thick- 
ness of  the  Upper  Glacial  where  it  rests  on  the  Middle,  but  smaU  in 
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oomparison  with  what  it  possesBes  where  it  takes  its  place  norih- 
^rards,  and  rests  directly  on  the  older  formations*. 

It  is  in  this  way  that  we  trace  the  relation  and  sacoession  of  the 
beds  of  the  Glacial  formation  which  are  posterior  to  the  Contorted 
Drift,  the  day  of  the  North  of  England  being  posterior  to  that  of 
£Mt  Anglia,  and  the  monntain-drift  and  high-level  sands  of  Wales 
and  Lancashire  posterior  to  both,  having  been  formed  when  the  ice 
vhieh,  during  the  earlier  stages,  had  kept  the  sea  out  of  the  deeply 
depressed  land,  had  so  retreated  and  shrank  as  to  leave  the  north  of 
Bntain  a  snow-capped  archipelago.  A  comparison  of  the  molluscan 
remains  of  the  Middle  Glaoal,  of  the  Upper  as  revealed  by  shell- 
besring  sand  bands  oconrring  in  it  at  Dimlington  and  Bridlington, 
and  of  these  high-level  sands  is  in  the  strictest  accordance  with  this 
sneoeasion.  The  details  of  the  mollosca  of  the  Upper  and  Middle 
Glacial  will  be  found  in  the  tabular  lists  of  the  Supplement  to  the 
*  Crag  Mollusca,'  with  slight  additions  in  the  note  at  the  end  of  this 
paper,  while  those  of  the  bagh' level  sands  are  to  be  found  in  that  given 
by  Mr.  Darbishiref ;  and  it  will  be  seen  that  while  several  Crag  spe- 
cies, now  either  unknown  as  living  or  known  only  as  living  in  remote 
and  mostly  more  southern  seas,  occur  in  the  Middle  Glacial,  only 
one  or  two  such  have  been  found  in  the  Upper,  and  these  in  associa- 
tion with  many  very  arctic  species ;  while  in  Mr.  Darbishire's  list 
of  these  high-level  sands  none  but  species  still  Hving  occur,  and 
these  all,  with  the  exception  of  two  or  three  arctic  forms,  still  sur- 
Tiying  in  British  seas. 


Noity  hy  Mr.  8.  V.  Wood,  F.G.S.,  the  Author  of  the  «  Crag  Mollusca,' 
on  JTEW  OcciTBSEVCBs  of  Species  of  Mollusoa  from  the  Uppbb 
Tkrtiaxies  of  the  East  of  Ekolaitii. 

Bed  and  Coralline  Crags. 
T^iBsi  C0K6L0BATA,  Brocchi.     (Crag  Moll.  p.  32,  v.  Suppl.  p.  15.) 

The  only  specimen  of  this  species  known  to  me  at  the  time  of  the 
publication  of  the  Supplement  to  the  ^  Crag  MoUusca '  consisted  of  a 
•olitary  but  perfect  one  found  by  Mr.  Charlesworth,  many  years  ago, 
at  WalUm  Naze.  Mr.  Canham,  however,  has  since  found  a  specimen 
in  the  Bed  Crag  of  Sutton,  in  contiguity  to  the  outlier  of  Coralline 
Crag ;  and  1  am  now  inclined  to  think  that,  like  such  shells  as  Tro- 
^um  degam  and  Cassidaria  hicaUnata^  formerly  supposed  to  be 
Bed  and  not  Coralline  Crag  shells,  Nasaa  conglobata  is  really  a  Coral- 
fioe-Crag  species,  and  occurs  in  the  Bed  Crag  only  by  derivation, 
it  naf ,  perhaps,  be  objected  that  this  is  an  unwarranted  conclusion, 

*  In  weU«  and  in  nulway-cuttings  and  sinkingB  beneath  them  in  Oambridge- 
•kire  ind  HimtingdoBidure  the  Upper  Glacial  has  been  found  to  poasees  a  thick* 
M«  ooeedinff  Iw  feet.  We  are  not  aware  of  its  having  been  found  to  ha?e 
More  than  aOiird  of  this  thickneiin  where  imderlain  by  the  Middle  Glacial. 

^  ^hr\,  Mag.  vol.  iL  p.  2U8,  and  Quart.  Joum.  Q90L  Soc  toL  xxz.  p.  40. 
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seeing  that  N.  eonglobata  has  not  yet  been  found  in  the  CoralHne 
Crag,  as  have  the  other  two  shells  mentioned ;  but  such,  nererthe* 
less,  is  my  belief. 

Frsus  Waelii,  Nyst. 

Two  perfect  specimens  of  this  Oligooene  species,  one  of  which 
precisely  agrees  with  fig.  2  «  of  plate  vi.  of  Von  Konen's  work  on 
the  Middle  Oligocene,  were  sent  me  by  Mr.  Eeod,  of  York.  They 
had  been  obtained  from  the  excavations  for  Coprolite  in  the  Boyton 
Marshes.  As  these  excavations  are,  from  their  position,  flooded  with 
water,  I  am  informed  by  Mr.  Charlesworth  that  it  is  difficult  to  say 
what  division  of  the  Crag  they  are  in;  for  peculiarly  Red-Crag 
species  are  intermixed  with  Coralline  Crag  ones.  Mr.  Bell,  how- 
ever, tells  me  that  in  the  excavations  referred  to,  about  18  inches 
of  Coralline-Crag  are  overlain  by  some  Red  Crag,  and  that,  in  work- 
ing, the  labourers  mix  the  two  together,  so  that  it  is  only  from  the 
colour  of  the  specimens  and  the  character  of  the  shell  that  an 
opinion  can  be  formed  as  to  the  division  to  which  they  really  belong. 
If,  therefore,  F.  Waelti  belongs  to  the  Crag,  it  is  probable  that  it  is 
to  the  Coralline,  the  colour  and  condition  of  the  shells  of  which 
formation  it  possesses.  The  worn  specimen  described  in  the  Sup- 
plement to  the  *  Crag  Mollusca,'  p.  29,  as  Fusus  crispus  (Tab.  xi. 
fig.  10)  is  possibly  only  a  specimen  of  Fusus  Waelii. 

MuBEX  REEDir,  S.  Wood. 

A  perfect  specimen  of  a  Murex^  obtained  by  Mr.  A.  Bell  from  the 
Coprolite  excavation  in  the  marshes  at  Boyton,  has  been  sent  me 
by  Mr.  Reed.  In  size  and  general  appearance  it  resembles  the 
figure  of  M.  Uaidinfferi,  Homos,  given  by  Dr.  Homes  in  tab.  xxiii. 
of  his  work  on  the  Vienna  beds,  but  difiers  in  not  having  any  trans- 
verse or  spiral  striae,  and  in  possessing  some  denticulations  on  tbe 
inside  of  the  outer  lip.  I  have  assigned  to  it  the  above  specific 
name.  If  a  Crag  species,  it  doubtless  belongs  to  the  Coralline 
Crag,  the  colour  and  condition  of  the  shells  of  which  formation  it 
possesses. 

ChEMUITZIA  8EN18TBIATA,  S.  Wood. 

A  small  species  of  this  genus  was  obtained  by  me  from  the  Coral- 
line Crag  of  Sutton.  It  is  a  quarter  of  an  inch  in  lengtli,  has 
slightly  convex  volutions,  and  somewhat  resembles  the  figure  of 
Scalaria  quadristriata^  Phil.,  as  figured  by  Dr.  Speyer,  Conch.  Cassd 
Tert.  t.  xxiv.  f.  9 ;  but  my  shell  has  a  vertical  columella,  and 
belongs  to  the  genus  Chemnitzta, 

Scalaria  tobulosa,  Brocchi  (Conch,  foss.  subap.  p.  377,  tav.  viL 
f.4). 

A  specimen  of  this  species,  obtained  by  Mr.  A.  Bell  from  the  Red 
Crag  of  Waldringfield,  has  been  sent  to  me  by  Mr.  Reed.  It  is 
doubtless  only  derivative  in  the  Red  Crag;  but  from  what  bed  it  was 
derived  I  do  not  venture  to  suggest. 
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ChiOegford  Beds. 
Ahra  prismatica  is  given  in  the  list  in  the  Supplement  to  the 
'  Crag  MoUusca'  as  douhtful  from  these  beds.    An  undoubted  specimen 
has  been  sent  me  from  Aldeby,  by  Mr.  Dowson ;  and  he  informs  me 
that  he  has  obtained  several  there. 

In  addition  to  the  species  given  in  the  Synoptical  List  in  the 
Supplement  to  the  '  Crag  MoUusca.'  I  have  since  identified  the  fol- 
loiring  from  specimens  obtained  by  Mr.  Harmer  and  my  son. 

Lower  Glacial  Sands. 

Buecmom  undatum,  Linn.,  rar.  tenerum,  from  Belaugh. 

Melampus  pjramidalis,  J,  Sotoerbt/,  from  Rackheatb. 

Cardiam  iJandicam,  Linn.y  from  Belaugh.    A  doubtful  idenfcifioation. 

Booax  TiUatu8»  Da  Costa,    One  specimen  from  Belaugb,  and  two  from  Wey* 

boame. 
Thrada  Dap^raoea,  Po/i,  from  Belaugb.    One  perfect  specimen. 
C^rena  flununalis,  Mulicr,  from  Belaugh.    Small. 

Middle  Glacial. 

Hjdrofaia  uIts,  Pennant,  from  Lound,  near  Yarmouth.   One  perfect  specimen. 

Maetra  arooata  (?),  J.  Sow.  Part  of  the  hinge  of  a  specimen  ox  Mactra  occurred 
in  the  ahell-band  in  the  well  two  furlongs  north  of  Seckford  Hall,  Great 
Beahnga,  which  shows  the  ridged  or  striated  markings  on  the  later^  teeth. 
No  other  species  known  to  me  of  that  branch  of  the  genus  which  has  these 
markings  would  agree  with  the  proportions  of  this  fragment ;  so  that  I 
hare  Uttle  doubt,  small  as  the  fragment  is,  of  its  specific  identity  with  M. 
arcuata.  In  the  list  accompanying  Mr.  Prestwich's  paper  on  the  Crag, 
Mactra  arcuata  is  as^gned  by  Mr.  Jefireys  as  a  yariety  of  Mactra  glauca 
(Quart  Joum.  Geol.  Soc.  vol.  xxvii.  p.  484) ;  but  this  shell  belongs  to  the 
section  o^  the  g(>nu8  which  is  destitute  of  the  striated  markings,  and  was 
made  the  type  of  the  genus  Mactra  by  the  late  Dr.  Gray,  while  those  species 
which  pocveesed  these  markings  were  placed  by  him  in  a  new  ^enus,  which 
be  called  SptMta,  and  of  which  he  considered  S.  (Mactra)  toltda  the  type. 
The  finfment  in  question,  however,  does  not  agree  in  its  proportions  with 
M.  idiaa,  but  with  M.  arcuata,  which,  for  the  reasons  just  dven,  I  still 
consider  different  from  any  fpecies  yet  known  as  living.  Ower  portions 
of  the  ^U  also  occurred  with  it. 

Postglacial. 

Troehofl  heUcinus,  Fabr.  A  perfect  specimen  from  March.  This  species  rarelj 
inhabita  the  Shetland  Seas,  but  is  common  in  all  Arctic  seas,  and  is  fosol 
m  the  Clyde  beds. 

Tipes,  either  pulbstra,  W.  Wood,  or  virgincns,  Linn.  A  fragment  from  Hun- 
stanton. 

Tellinalata,  Gmel,  A  specimen  from  the  March  gravel  in  the  Cambridge 
Museum. 

Cyrena  fluminalia,  Miiller.    Numerous  specimens  from  Msrch. 

{For  the  Discussion  on  this  paper  seep.  140.) 
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6.  Note  on  the  Red  Crag.     By  William  Whitaicbr,  B^,  F.G.S. 
(Bead  November  8, 1876.) 

(Oommunioated  by  permission  of  the  Director  General  of  the  Qeologiflal 
Durrey  of  the  United  Kingdom.) 

Mt  work  on  the  Geological  Survey  in  the  Crag  District  has  led  me 
to  think  that  previous  observers  have  made  a  slight  error  in  the 
classification  of  a  certain  ferruginous  sand  that  is  often  to  be  seen 
above  the  shelly  Bed  Crag,  the  line  of  junction  being  mostly  very 
irregular. 

This  sand  has  been  described  by  Prof.  Prestwich  as  an  *<  upper 
division "  of  the  Red  Crag,  or,  to  quote  his  own  words,  "  owing  to 
the  want  of  all  fossils  in  the  neighbourhood  of  Ipswich,  as  the  '  un- 
productive sands'  of  the  Red  Crag"*;  and  he  goes  on  to  speak  of 
the  "  erosion  of  the  lower  division  "  underneath  this,  afterwards 
classing  the  upper  with  the  Chillesford  sands  t. 

Mr.  S.  V.  Wood,  Jun.,  has  referred  the  ferruginous  sand  in  ques- 
tion to  various  horizons  in  the  Glacial  Drift,  I  believe  with  a  con- 
stant tendency  to  lower  its  horizon ;  but  his  former  views  need  not 
be  dwelt  upon,  as  that  tendency  has  continued  until  he  has  accepted 
my  classification,  and  now  r^ards  this  sand  simply  as  Red  Chra^, 
not  separated  stratigraphically  or  paleaontologically  from  the  shelly 
mass  below. 

The  so-called  "  eroded "  surface  of  the  shelly  Crag,  noticed  by 
various  observers,  is,  indeed,  apparently  so  only ;  but  I  must  say 
that  in  many  sections  there  is  little  or  nothing  to  throw  doubt  on  the 
reality  of  the  appearance,  which  is  somewhat  analogous  to  the  '*  mi- 
micry "  sometimes  seen  in  insect  life,  though  in  our  case  one  cannot 
see  any  object  to  be  served  by  the  delusion,  unless  it  be  the  bewilder- 
ment of  geologbts.  An  examination  of  a  large  number  of  sections, 
however,  and  an  attention  to  mere  local  details  that  could  hardly  be 
expected  from  any  one  but  an  observer  who  is  obliged  to  note  them 
as  a  matter  of  business,  has  conclusively  shown  that  we  have  in  this 
case  not  an  eroded  surface,  worn  out  in  a  lower  before  the  deposi- 
tion of  a  higher  bed»  but  an  occurrence  akin  to  the  ^*  pipes ''  of  sand 
&c.  so  often  seen  piercing  the  top  of  the  Chalk,  and  which,  too,  have 
also  been  taken  as  evidence  of  erosion,  though  their  origin  is  now 
well  understood  :  we  have,  in  fact,  an  irregular  underground  sur- 
face, caused  by  the  dissolving  action  of  carbonated  water  in  per- 
meable beds,  a  surface  formed  after  the  deposition  of  the  upper 
beds  by  the  dissolving  away  of  the  shells  that  they  once  contained. 

That  the  above  is  the  true  explanation  of  the  irregular  removal 
of  the  shells  was  first  suggested  to  me  by  the  fact  that  the  apparently 
unfossiliferous  sand  above  is,  for  the  most  part,  exactly  like  the 
sand  of  the  shelly  Crag  below,  differing  only  in  the  absence  of 
shells.  Confirmatory  evidence  was  given  by  the  not  uncommon 
occurrence  in  the  upper  sand  of  layers  or  masses  of  ironstone  or 
*  Quart.  Joum.  Geo!.  Soo.  yol.  xxvii.  p.  333.  t  Ibid.  pp.  336, 338. 
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iron-«aiidstone,  which  were  often  found  to  contain  impressions  and 
casta  of  the  shells  that  had  been  dissolved  oat ;  and  these,  as  far  as 
coald  be  told,  were  of  Crag  species.  They  occur  in  the  area  in 
which  the  sand  has  been  thought  to  be  unfossiliferous ;  and  I  believe 
ihey  have  not  been  described  before  from  thence ;  but  in  a  paper 
read  to  the  Society  in  1874  I  have  noticed  like  impressions  of  shells 
near  Sudbury  and  Hadleigh  *. 

Absolute  proof,  however,  of  the  correctness  of  the  explanation 
advanced  was  got  by  the  observation  of  a  few  sections  in  which 
the  lines  of  bedding,  or  even  of  false-bedding,  in  the  shelly  Crag 
were  continued  into  the  sand  without  shells.  In  some  cases  a 
marked  gravelly  layer  was  clearly  seen  to  be  at  one  spot  in  the  Crag 
and  at  another  in  the  sand ;  and  in  one  pit  a  hand-specimen  could 
he  got  of  such  a  bed^  half  containing  the  actual  shells,  and  the  other 
half  with  casts  only.  In  some  pits  large  masses  of  shelly  Crag  are 
to  be  seen  quite  surrounded  (in  section)  by  the  shelless  sand — a  fact 
difficult  of  explanation  on  any  other  view,  but  comparatively  easy  to 
understand  as  brought  about  by  irregular  dissolving  action,  checked  in 
places  by  local  hardness  or  slight  decrease  of  permeability  in  the  beds. 

In  many  cases  the  dissolving  away  of  the  shells  would  seem  to 
have  been  followed  by  some  destruction  of  the  lines  of  deposition  in 
the  sand ;  and,  indeed,  we  should  expect  such  a  thing  to  occur  on 
tiie  abstraction  of  so  much  material.  It  is,  of  course,  in  these  cases 
that  the  appearance  of  erosion  is  most  deceptive. 

It  may  be  asked  •*  What  becomes  of  the  carbonate  of  lime  of  the 
shells?"  Some  of  it  is  doubtless  carried  away  in  the  water  of  the 
many  springs  from  the  bottom  of  the  Bed  Crag,  thrown  out  by  the 
London  Clay  beneath ;  but  in  places  some  of  it  is  again  deposited 
in  the  lower  beds  of  the  Crag  as  whitish  marly  streaks  in  slight 
fissures  or  open  spaces.  Very  possibly,  however,  great  part  of  the 
dissolution  of  sheUy  matter  may  have  taken  place  under  conditions 
somewhat  different  from  those  we  now  see,  when  perhaps  the  Crag 
was  more  permeated  by  water,  or  even  water-logged. 

Small  as  this  subject  may  be,  yet  it  is,  I  think,  worthy  of  notice, 
and  for  three  reasons : — ^because  it  tends  to  simplify  our  classifica- 
tion over  an  important  Crag  tract ;  because  it  shows  a  greater  ex- 
tension of  the  Red  Crag  than  has  been  thought  to  exist,  that  deposit 
occurring  in  its  almost  unfossiliferous  condition  some  way  beyond 
where  it  is  known  in  its  shelly  state ;  and  because  it  draws  atten- 
tion to  that  slow  metamorphism  which  takes  place  in  permeable 
beds  through  the  agency  of  water,  whether  as  a  dissolver  of  car- 
bamate of  lime  &c.,  or  as  a  depositor  of  iron-oxides. 

Postscript 

After  this  Note  was  read,  I  heard  from  M.  E.  Yanden  Brock,  of 

Brussels,  that  he.  had  observed  an  irregular  junction  of  shelly  and 

-sheDess  sand,  like  that  above  described,  in  Belgium,  and  that  he 

attributed  it  to  the  same  cause  as  that  now  suggested. 

(Far  the  Discussion  on  this  paper  see  p.  140.) 

*  Quart.  Joum.  Geol.  Soo.  toL  zzx.  pp.  403, 40L 


Digitized  by  VjOOQIC 


124  dALYADOB  CALDEBOir  ON  XHB  FOSSIL 


7.  Ou  ^A«  Fossil  Vbbtbbbata  hitherto  discovered  in  Spain.  By 
Senor  Salvadob  Caldkbon,  Professor  of  Natural  History  in  the 
Institute  of  Las  Palmas.    (Bead  November  22, 1876.) 

(Communicated  by  the  Preeident.) 

The  fossil  forms,  like  the  living,  have  their  zoological  geography 
more  marked  in  proportion  to  the  development  of  life  upon,  our 
planet ;  and  for  this  reason,  even  if  there  were  no  other,  it  becomes 
a  duty  on  the  part  of  those  who  devote  themselves  to  this  branch  of 
science  in  Spain,  to  furnish  all  the  aid  possible  towards  an  elucida- 
tion of  the  problems  which  present  themselves  to  the  inquirer,  not- 
withstanding the  little  attention  paid  to  our  scientific  literature 
throughout  Europe,  already  deplored  by  the  great  geologist  De  Ver- 
neuil*.  With  respect  to  the  subject  of  this  paper,  it  is  necessary 
to  bear  in  mind  that  no  catalogue  has  ever  been  made,  even  of  the 
summary  kind  which  we  are  about  to  present,  and  that  onr  mate- 
rials have  been  collected  from  a  large  number  of  periodicals  (Spanish, 
English,  French,  and  German),  extendbg  over  a  period  of  about 
thirty  years. 

:  The  palaeontology  of  our  peninsula  presents  many  interesting  fea- 
tures in  its  relations  to  the  natural  conditions  of  the  soiL  For  ex- 
ample^ the  migrations  of  quadrupeds,  which  have  caused  the  for- 
mation, in  the  greater  part  of  Europe,  of  deposits  of  remains  at  a 
considerable  distance  from  each  other,  must  have  been  difficult  in 
the  Peninsula  from  the  most  remote  time,  and  this  has  given  rise  to 
certain  peculiarities  in  our  mammalian  fauna.  Except  by  continuity, 
even  in  recent  time^  with  the  African  continent,  how  can  we  explain 
the  discovery  of  the  Hycena  hrunnea,  the  leopard,  tho  serval,  the 
lynx,  and  the  deer  of  Barbary  in  a  cave  at  Gibraltar  ? 

Other  important  results  of  these  studies  is  the  discovery  in  the 
centre  of  Spain  of  remains  of  the  Sivatherium,  well-marked,  accord- 
ing to  Dr.  Falconer,  and  also  of  ffycenaretos,  mentioned  by  Paul 
Gervaist,  it  having  been  previously  generally  believed  that  these 
Mammalia  had  never  inhabited  Europe,  and  were  confined  exclu- 
sively to  Asia. 

The  discovery  of  the  types  in  question  confirms  the  inductions 
which  form  the  doctrine  of  modern  science,  and  the  theory  of  the 
uninterrupted  development  of  organic  beings,  the  Yertobrata  be- 
ginning with  fishes  and  Labyrinthodonts,  and  continuing  with 
reptiles,  birds,  and  Mammalia.  It  is  also  a  confirmation  in  this  port 
of  the  world  of  Owen's  arrangement  of  the  four  classes  of  Mammalia. 

But  it  is  well  known  that  the  importance  of  the  study  of  fossil 
Yertebrata  is  not  limited  to  its  palteontological  and  geological  in- 

*  Coup  d'oeil  sar  la  constitution  g^ologique  de  plodeurs  provinoea  de  l*Sbpagne. 
Paris:  1852. 
t  BulL  de  la  Soo.  G^ol.  de  France,  toL  x. 
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terest,  bnt  extends  to  the  scientific  inyestigation  of  the  present  zoolo- 
gical geography  of  this  group.  Whatever  may  be  our  opinion  npon 
the  theory  of  die  specific  centres  which  individual  organic  forms  may 
have  taken  as  their  point  of  departure,  it  Dvill  always  be  of  advantage 
to  the  student  to  find  in  every  locality  the  prehistoric  ancestors  of 
its  fauna ;  to  use  the  comparison  of  Lyell^  the  connexion  between 
the  present  and  the  fossil  forms^  particularly  in  the  case  of  the 
Mammalia,  is  the  same  as  that  between  the  d^erent  dialects  which 
proceed  firom  one  primitive  language.  It  is  no  longer  possible  to 
doubt  that  a  great  number  of  the  present  forms  of  animal  life  have 
been  in  existence  since  the  beginning  of  the  Quaternary  formation, 
and  that  there  has  been  an  almost  insensible  transition  from  the 
fauna  of  that  period  to  that  of  the  present,  it  being  nearly  impos- 
sible to  differentiate  the  palseontology  of  the  two  periods.  Tliis 
opinion  has  been  supported  by  Owen  in  his  work  on  British  Mam- 
mals and  Birds. 

From  this  point  of  view  nothing  can  be  more  worthy  of  detailed 
investigation  than  the  rich  bone-deposits  of  Old  Castile,  which 
abound  with  remains  of  the  present  and  immediately  preceding 
races,  and  frqm.  which  upwards  of  five  hundred  thousand  arrohas 
(or  quarters)  of  bones,  some  fossil,  some  recent,  have  been  obtained 
for  oommennal  purposes  only.  Among  these  bones  have  been  dis- 
covered artificial  objects,  such  as  flint  knives  of  the  reindeer  period, 
polished  axes,  and  objects  of  metal. 

Hie  investigations  in  Spain  are  important  when  viewed  with 
reference  to  the  subject  of  extinction  of  species,  particularly  those 
that  were  contemporary  with  man  in  the  period  termed  by  Lubbock 
Palctoliihie,  and  which  is  marked  by  the  existence  of  animals  that 
have  since  disappeared.  Taking,  for  example,  the  Urns  (Bos  prtmt- 
geniusy,  we  have  clear  proofs  of  its  having  existed  in  the  Peninsula 
untn  a  very  recent  period — among  them  a  philological  proof  in  tho 
name  of  Monsuri^  applied  to  asmtdl  hill  on  the  banks  of  the  Tagus*. 
It  is  also  important  to  bear  in  mind  that  remains  of  the  mammoth 
have  been  found  in  various  parts  of  Spain — in  the  caverns  of  the 
Pyrenees,  in  the  centre  in  Madrid,  and  in  the  south  near  tho  shores 
of  the  Mediterranean,  a  position  further  south  than  Home,  which 
has  generally  been  considered  the  southern  limit  of  the  tract  in 
in  which  the  bones  of  this  animal  are  found.  Tho  same  may  be  said 
of  the  Bhinoc^os  tkhorhinus^  which  'has,  vrithout  doubt,  been  dis- 
coverod  in  two  different  places  in  tho  north  of  the  Peninsula. 

To  sum  up  the  results  of  the  investigations  made  among  the  fossil 
Vertebrata  in  Spain,  we  may  mention  that  they  are  not  represented 
until  we  come  to  the  Carboniferous  formations  (where  wo  have 
found  impressions  of  fishes  having  tho  tail  heterocercal),  in  coal- 
shales  in  the  province  of  Leon,  together  with  many  impressions 
of  ferns,  which  have  been  carefully  studied  f.     Consequently  no 

^  See  my  'Beeena  gedogica  do  la  prorincia  de  Guadalajara,'  Madrid, 
1874. 

t  Areitio,  '*  Materialei  para  la  flora  fosil  Espanola,"  Ann.  de  la  See.  £epa5. 
de  Hiit.  Kafc.  t.  ii  1873. 
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remains  of  this  class  have  been  found  either  in  the  Silurian  or  lir 
the  Devonian,  which  contain  snoh  abundance  of  them  in  other 
localities. 

The  Trias  is  almost  barren  of  fossils  throughout  the  Peninsula  ; 
and  the  Permian  probably  does  not  exist  there  at  all*.  We  have 
but  little  information  respecting  the  Jurassic ;  and  all  the  data  re- 
ferring to  the  rest  of  the  Secondary  period  are  still  more  defective  ; 
but  it  must  be  borne  in  mind  that  in  general  the  information  re- 
specting the  vertebrate  fauna  of  the  first  epoch  of  that  period,  is 
everywhere  as  incomplete  as  that  respecting  the  deposits  which  date 
their  origin  from  it. 

The  Tertiary  formation,  characterized  by  well  marked  generic 
and  specific  forms  of  Mammalia,  is  well  represented  in  the  Miocene 
formations  of  Spain,  principally  by  Pachyderms,  Euminants,  and 
Proboscidea ;  but  in  the  other  members  of  this  series  we  have  to 
lament  a  great  deficiency  of  data.  No  objects  of  fiint  have  been 
found  similar  to  those  collected  by  the  Abb!^  Bourgeois,  which  gave 
rise  to  the  supposition  that  man  may  have  existed  in  the  Tertiary 
period. 

It  is  only  in  modem  times  that  the  caverns  of  this  country  have 
been  explored,  thanks  to  the  late  Don  Casiano  de  Prado,  who,  in  his 
memoir  upon  the  geology  of  the  province  of  Madrid,  published  an 
appendix  containing  a  list  of  all  the  caverns  of  Spain  known  to  him. 
The  results  obtained  give  reason  to  expect  mudi  from  a  detailed 
examination  of  these  caverns  throughout  the  Peninsula,  as  there 
are  some  which  date  from  difierent  epochs  of  the  Quaternary  period. 
A  cave  near  Onate,  in  Guipuzcoaf,  has  recently  been  imperfectly 
explored,  and  a  large  number  of  remains  of  hyaena  and  bears  have 
been  found  in  a  good  state  of  preservation.  Pour  specimens  exist 
in  Madrid,  in  the  Museum  of  Natural  History  and  in  that  of  the 
Propagator  Athen£eum  of  Natural  Sciences.  Dr.  Falconert  has 
given  us  an  account  of  the  palsBontological  riches  of  the  celebrated 
cavern  of  Gibraltar ;  and  as  this  and  the  one  above  mentioned  are 
situated  at  opposite  extremes  of  the  peninsula,  we  may  reasonably 
conclude  that  all  the  caverns  merit  our  interest.  It  is  therefore 
unnecessary  to  enumerate  many  others  equally  curious. 

We  now  know  that  the  principal  characteristics  of  the  singular 
quaternary  fauna  of  the  South  of  Europe  are  well  represented  in  the 
soil  of  Spain  by  the  presence  of  cave-bears  and  hysDuas,  of  the 
urus,  the  horse,  and  the  antelopes ;  and  we  have  no  doubt  that  other 
species,  which  we  are  surprised  to  miss,  will  be,  sooner  or  later, 
discovered  to  have  been  inhabitants  of  this  peninsula.  Discoveries 
of  bones  which  have  been  made  justify  us  in  affirming  the  existence 
of  man  during  the  Quaternary  period.  For  an  account  of  the  many 
discoveries  of  objects  relating  to  his  industries,  we  refer  to  the  pub- 
lications of  Professor  Vilanova§. 

*  yilanoya.  Manual  de  Geol.    Madrid,  1871. 

t  Ann.  de  la  Soc  Espan.  de  Hist  nat.  t.  ii.  Aotas. 

1  Quart.  Joum.  GeoL  Soc.  toL  xxi.  p.  364. 

S  Origen,  naturalesa  y  antiguedad  del  bombre.    Madrid,  1872. 
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The  foDowing  Table  will  give  an  idea  of  the  chronological  distri- 
botion  of  the  genera,  more  than  sixty  in  number,  and  of  the  species, 
more  than  seventy,  if  we  include  those  which  are  not  determined, 
and  of  which  we  have  only  mentioned  the  genera  already  disooTored 
in  the  Spanish  peninsula,  and  well  determined. 
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'  The  following  is  a  catalogue  of  the  genera  and  species,  with  only 
the  name  of  the  locality  where  found  and  that  of  the  author  of  the 
communication*. 

BiMAKA. 

Mak. 

Concud,  in  the  prorince  of  Teruel  (Fetjoo^  Bowles^  Torrubia^  Asso^ 

and  Omner), 
Onis,  in  the  proTince  of  Asturias  (Prado). 
Gibraltar  (Ly«K). 

Totana,  in  the  province  of  Murcia  (Tnehaunvandieta). 
Atapuerca,  in  the  province  of  Burgos  (Perez-Arcos), 
San  Isidro,  in  Madrid  (Vilanovd). 
Cave  of  Xarcas,  in  Cabra  (  VUanovd), 

Cavern  of  Avellanera,  in  the  province  of  Valencia  (  VUanovd), 
Cavern  of  Alhama  of  Gh'anada  {M'Phersm), 
Cavern  of  Albufiol,  in  the  province  of  Granada ;  in  Montefrio;  in  a 

cavemof  Almeria  (6^^ora). 

*  The  '  Commiarion  of  the  Geologioal  Map  of  Spain'  possefBee  remaina  of 
other  ipeoiea,  ajiai  of  which  will  appear  shortly  in  the  'Bulletin.* 


Digitized  by  VjOOQIC 


128  SAZYADOB  CALDERON  ON  THE  TOSaiL 

Cavern  of  Muriel,  in  the  proYinoe  of  Guadalajara  (Cattd), 
Alhama  of  Aragon  (Calderon), 

QrADBXTlCANA. 

Penon  of  Gibraltar  (?)  {Imrie), 

C  ARNI  VORA. 

Ursus,  L. 

Pena  do  Mudd,  in  the  province  of  Paloncia  (Prado);  Gibraltar 

(Falconer  and  Busk), 
U,  spelceusy  Blum. — Cabra  (Vilanova);  Guipuzcoa  (Vilanova  and 

Larrimia). 

IIY.KNARCTOS,  Cautlcy  et  Pale. 
Alcoy  (Paul  Oervais). 

Meles,  L 
il/.  taxus,  Pallas. — Gibraltar  (BusJc  and  Falconer). 

Caios,  L. 

Argorilla,  cavern  in  the  province  of  Guadalajara  (^Vtlanova) ;  bone 
deposit  of  CastUo  (Oil  Maestre). 

Ht^na,  Storr. 

Concud,  in  the  province  of  Teruel  (Maestre) ;  cave  of  Congostrina,  in 
the  province  of  Guadalajara  (Prado);  caverns  of  Guipuzcoa 
(Lannmia). 
H,  spelcea^  Goldf. — Province  of  Segovia  (Prado), 
H,  hrunnea^  Thunb. — Gibraltar  (Bush  and  Falconer), 

Hy-knictis,  Gaudry. 
IT.  graica  ?  Gaudry. — Concud  (Vilanova). 

Fblis,  L. 

F.  leoparduSf  L. — Cavern  of  Gibraltar  (BusJc  and  Falconer). 
F.  It/nx,  L. — Cavern  of  Gibraltar  (Bu^  and  Falconer.) 

Machaibodtts,  Eaup. 
Madrid  (Prado). 

EODENTIA. 

Incertce  sedis  in  some  caverns. 

Leptts^  L. 
Caverns  of  Valencia  (Vilanova)  and  Gibraltar  (Prado). 
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Pachtdbbhata. 
Elbphas,  I. 

Spain  (P.  Torrubia,  Cuvier,  &c.),  Cadiz  (Buckfand);  Almeria  (Ez- 

quai'a) ;  Madrid  (Proust  and  Prado)  ;  VafladoHd  {Pastor), 
E.  armmiacus^  Falc. — Province  of  Burgos  {Monasterio) ;  province  of 

Cordoba  {Prado  and  FtZanova) ;  province  of  Santauder  {Maestre). 
E.  primigenivSy   Blum.— Spain  {Cuvier) ;  Madrid    {Ezquerra  and 

Prado)  ;  Almeria  {Ezquerra)  ;  province  of  Santander  {Sullivan 

and  aReilly). 

Mastobok,  Cuv, 

Province  of  Madrid  {Ezquerra)  ;  province  of  Leon  {Oomez  deSahzar) 

Concud,  in  Terael  {Maestre) ;  province  of  Toledo  {Linares  and 

Calderon), 
M,  angustidens,  Cuv. — Spain  {Paul  Oervais)  ;  provinces  of  Madrid, 

Leon,  Zamora,  Yalladolid,  and  Alicante  {Ezquerra,  Prado,  and 

VUanova). 
M.  longirostris,  Kaup. — ^Madrid  {Ezquerra  and  Paul  Oervais), 
Af,  aurelianensis,  Cuv. — Madrid  {Ezquerra), 
M,  giyanteus,  Cuv. — ^Madrid  and  Terucl  {Ezquei*ra), 
M.  tapiroideSy  Cuv. — Madrid  {Prado), 

Sue,  L. 

Cavern  of  Gibraltar  {Bush  and  Falconer) ;  cavern  of  Cabra  (  Vilanova). 

S.  sp.  ind. — Spain  {Hermann  and  Kaup), 

S,  pahKochceruSy  Eaup. — Madrid  {Prado  and  Paul  Gervais) ;  Alcoy 

(Ezquerra), 
S,  Lockharti,  Pomel.— Madrid  ?  (Prado), 
S,  serofa,  L. — Bone  deposits  in  Castile  (  Vilanova  and  Oil  Maestre), 

PALJEOTHEHimr,  CuV. 

P,  aurelianense,  Cuv. — Madrid  (Ezquerra  and  Padro). 
P,  Ezquerrte,  H.  v.  Mey. — ^Madrid  (Hermann  von  Meyer), 

Chceeopotamus,  Blainv. 
C.  matriiensis,  Ezq. — ^Madrid  (Ezquerra). 

ANOPLOTHERItJM,  CuV. 

A.  qladadey  Cuv. — Alcoy  (Ezquerra), 
A,  murinum,  Cuv. — Madrid  (Ezquerra), 

CAiNOTnERiTJM,  Brav.  et  Blainv. 

Provinces  of  Madrid,  Toledo,  and  Guadalajara  (Paul  Oervais  and 
Prado). 

Equus,  L. 

Tertiary  remains  in  Concud  (Maestre) ;  in  the  carerns  of  Gibraltar 
{Busk  and  lalconer)^   Valencia    (Vilanova),  and    Santandet 
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(Naranjo)  ;  in  aUnvial  deposits  of  Madrid  {Prado  and  BayU\ 

of  Guadalajara  (Calderon)^  and  in    bone  deposits  of  Castile 

{Oil  Maestre). 
E.  prifnigenius^  Blum. — Concnd  (Ezquerra) ;   Cabra  (Vilanova), 
E.  fossUis^  Cuv. — Guadalajara  and  cavern  of  Tativa  {VUanova); 

Yitoiia.  {Fdasco) ;  Malaga  (Orueta). 

HlPPOTHERITTlCy  Kaup. 

H,  gladalej  Kaup.— Concud  and  Alcoy  (Ezquerra). 

HiPPABioK,  Crist. 

Concud  and  Madrid  (Prado  and  Paul  Oervais), 
H.  graeile,  Kaup. — Tarancon,  in  Cuenca  (Cortazar). 
H,  proBtylum,    Gerv. — Concud    {Prado    and    Vilanova)  i    Vitoria 
(VeUuco). 

HUMINAITTIA. 

SiVATHERiuM,  Cautley  et  Talc. 
River-course  of  Puero  (Falconer), 

Cbrvtjs,  L« 

Tertiary  remains  in  Spain  (Pc^id  Oetvais),  Quaternary  in  Old  Cas- 
tile and  Guadalajara  (  FiZanova  and  Calderon) ;  in  some  caverns 
of  Valencia  ( Vilanova) ;  cave  of  Guadalajara  (Castel). 

.  C,  dicrocerus^  Lart. — Concud  (  Vilanova), 

C,  cuzanus^  C.  et  T. — Concud  (  Vilanova). 

C.  matritensiB^  Ezq. — Madrid  (Ezquerra). 

C,  capreelusy  L. — Cave  of  Almeria  (Gongora), 

C  (lama,  Robert. — Gibraltar  (Busk  and  Falamer). 

C.  harharus,  L. — Gibraltar  (Lesson^  Busk,  and  Falconer). 

C.  elaphus.  L. — ^Madrid  (/Vacfo). 

Traoocertjs,  Belon. 
T.  amaltheus,  Roth  et  Wagn. — Concud  ?  (  VUanova). 

Paljsomeeis,  H.  v.  Mey. 

Spain  (Hermann  and  Kaup) ;  Madrid  (Paul  Oervais). 

P.  Bojani,  H.  v.  Mey.— Madrid?  (Prado). 

P.  Sdieuchzerii,  H.  v.  Mey. — Madrid  and  Alcoy  (Ezquerra). 

Aktilope,  L. 

Tertiary  remains  in  Spain  (Paul  Oervais),  in  Concud  (Vilanova). 
Quaternary  remains  in  some  localities  of  Spain  (Pictet)^  in 
Santander  (Calderon),  in  the  cavern  of  Segovia  (Areitto  and 
Quiroga). 

%A.'sansaniensiSf^feTv.'-^-Concxid(Vilanovay 

A.  boodon,  Gerv. — Alcoy  (Paul  Oervais);  Concud  ( FtZanova). 
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OviB,  L, 

Bone  deposits  <^  Castile  (Oil  Maestre). 

Oapra,  L. 
Bone  deposits  of  Old  Castile  (Oil  Maestre). 

Bos,  L. 
CoQCod  (Maestre) ;  caTems  of  Valencia  ( VUanova) ;  Guadalajara 

(CalderoH);   bone-deposits  of  Old   Castile  (Bo$  longifrons?, 

Owen)  (Oil  Maestre  and  Ccidenm), 
B.  eoneudensis,  Ezq. — Concud  (Ezmierra). 

B,  primigenius,  Boj. — Proyinces  of  Madrid  (Prado)^  Leon  (Prado  and 

Ez^i€rra\  Guadalajara  (  Ft'/anot/d  and  CaWerow),  Seville  (iVocfo), 
and  Cadiz  (Lujan), 

Cetacea. 
Betnains  in  the  Tejaree  de  Malaga  (Ansted), 
DnroTHEBiirM^  Eaiip. 
D.  giganUum,  Kanp. — Spain  (Ezquerra). 

BIRDS. 
Falco,  L. 
F,  nisui,  L. — Gibraltar  (Busk  and  Falconer). 

REPTILES. 

Chelokia. 

Remains  in  Jurassic  deposits  of  Guadalajara  (Ezquerra);  in  the 
Cretaceous  of  Nayarre  (Ezquerra) ;  in  the  Tertianr  of  Madrid 
(Prado^  Bosia^  Bolivar,  Lezcano,  Larrimia,  and  Valderon) ;  and 
in  caTems  of  (Gibraltar  (Falconer)  and  Valencia  (  Vilanova). 

Tbstudo,  Brongn. 
r.  nor.  sp. — ^Tejarcs  de  Malaga  (Orueta), 

Triontx,  Goldf. 
T.  maunoiry  Bourd. — Tudela?  (Ezquerra). 

Saubia. 
CftoooDiLirs,  Laur. 

C.  nor.  sp.,  Sharpe. — Cretaceous  of  Congostrina  ii)  Guadalajara  (Et- 

qiurra). 
C.  SMneti^  Brongn. — Province  of  Zamora?  (  VUanova). 

Meoaixmaitbus,  Buckl. 
Province  of  Asturias  (Egozene). 

leuAHonoK,  Mantell. 
rtrilla,  in  the  Province  of  Teruel  (VUanova). 
Q.J.G.8.  No.  129.  T 
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ICHTHTOSAITBUS,  Eonig. 

Pyrenees  of  Navarre  {EzqMrra). 

Plbbiosaubub,  Conyb. 
Province  of  Asturias  (Schtdz). 

Batbachia. 
Tertiary  remains  in  the  Serrata  de  Lorca,   Province  of  Muroia 
(Botdla). 

FISHES. 

SPHTBiBNA,  Bloch. 

Serrata  de  Lorca  (Botella). 

Rhamphogkathits,  Agass. 
M.  VemeuiUi,  Botella.--Serrata  de  Lorca  (Botella). 

Clxjpea,  L. 
C.  Oervaisii,  Botella.— Serrata  de  Lorca  (BoUlla  and  AretHo). 

C,  ehngata,  Agass.— Serrata  de  Lorca  {BoteOa), 

Sbriola,  Bloch. 
8.  Beaumonti,  Botella.— Serrata  de  Lorca  (Botella). 

Dapediits^  Agass. 

D.  Colei,  Agass.— Province  of  Santander  {Naranjo). 

Ptcnodits,  Agass. 
P.  Munsteri,  Agass. — Province  of  Guadalajara  {Ezquerra), 
P,  complanatus,  Agass. — Province  of  Teruel  (  Fifenom). 

Palsobaxistijm,  Blainv. 
Almeria  {Ezquerra). 

Cabchabias,  Cuv. 
Provinces  of  Almeria  (Cortazar)  and  Malaga  {Onuta). 

SaiTALirs,  L. 
Provinces  of  Seville  {Lujan),  of  Cadiz  (M'Phenon),  and  of  Tarra- 
gona (Maestre). 

Cabchabodok,  Smith. 
Malaga  {Orueta). 

Ck>BAX,  Agass. 
Mflaga  (Onieta). 

NOTIDANTTS,  CuV. 

N,  primtgeniuSy  Agass. — Malaga  (Orueta). 
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OxTRHniA,  Agass. 

Jonasie  depodte  of  Guadalajara  (Calderon),  and  Tertiary  of  Tejares 

de  lUlaga(  Oru^to). 
0.  mmnte,  Agass. — Provinoo  of  Hnesca  (Mallada). 
0,  xiphodon^  Agass. — Province  of  Almeria  (Ezquerra). 

Lamna,  Guv. 

Jvrassic  deposite  of  Guadalajara  (Calderon),  and  Tertiary  of  Tejares 

de  Malaga  (Orueta), 
L  ccmubiea,  Guy. — Alcoy  (Ezqutrra). 

Pristis,  Lath. 
Tejares  de  Uilaga  (Orueta). 

Discussion. 

Prof.  Duncan  remarked  that  the  presence  of  Swaiheriwn  uid 
Hif(marcU>t  in  Spain,  if  confirmed,  would  be  particularly  interesting, 
as  showing  a  great  western  extension  of  the  Sivalik  fauna.  He 
suggested  that  there  was  an  error  in  the  statement  that  Elephas 
armemacHi  occurred  in  the  valley  of  Madrid,  and  thought  that  the 
fpedes  would  prove  to  be  ^.  afrtmnus.  He  also  suggested  that 
B,  armeniaeus  was  not  really  a  distinct  species^  but  that  it  and 
R,  namacUeuM  were  merely  locel  forms  of  E,  antiquus, 

Profl  Busk  said  that  most  of  the  animals  the  bones  of  which  are 
so  numerous  at  Gibraltar  appear  to  have  migrated  from  the  south.. 
He  tiiought  that  there  was  probably  some  mistake  as  to  the  species 
of  Elephants,  and  doubted  whether  remains  of  the  Mammoth  had 
ever  occurred  ia  Spain.  He  added  that  the  bone  which  had  been 
thooght  to  belong  to  Sivaiherium  was  an  astragalus,  and  that  it  was 
efaiefly,  he  thought,  on  account  of  its  size  that  Dr.  Fslconer  suggested 
finch  an  identification. 

Mr.  Charlesworth  stated  that  he  had  obtained  from  the  Crag  a 
tooth  which  had  been  pronounced  by  Mr.  W.  Davies,  of  the  British 
Museum,  to  come  nearest  to  that  of  Hycenarctos  among  known 
Mammalia,  and  remarked  that  this  seemed  to  confirm  the  extension 
westward  of  that  type  of  animals. 

Dr.  A.  Leeth  Aj)AJIs  stated  that  molars  of  Elephas  primigenius 
from  caves  in  the  zinc-mines  at  Santander  had  been  brought  to  his 
notice.  He  doubted  whether  E,  africanue  had  been  found  fossi). 
Dr.  Falconer  finally  regarded  Elephas  priscus  as  a  variety  of  E.  an- 
tiqwu.  Many  teetii,  with  thick  plates,  were  found  in  the  caves  of 
Palermo ;  and  these  were  clearly  of  ^.  antiquus ;  the  Spanish  speci- 
mens required  confirmation.  He  confirmed  the  President's  sug- 
gestion that  Elephas  namadicus  was  identicep.  with  E.  antiquus. 

Dr.  MuBiB  was  doubtful  about  the  identification  of  the  fossil  sup- 
posed to  indicate  Sivaiherium,  The  specimen  not  being  a  bone  of 
the  head,  there  was  a  great  chance  of  error. 

k2 
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S,  On  the  KESsureLAND  Clifp-sectiok,  and  on  the  Belaiion  of  the 
FoRSST-BED  to  the  Chillesford  Cla.t,  with  some  Remarks  on  the 
so-called  Terbbstbial  Sttrface  at  the  base  of  the  Norwich  Crag. 
By  F.  W.  Harmer,  Esq.,  F.G.S.    (Read  November  8, 1876.) 

In  the  "  Outline  of  the  Geology  of  the  Upper  Tertiaries  of  East 
Anglia,"  given  by  Mr.  S.  V.  Wood,  jun.,  and  myself  in  the  volume  of 
the  Palaeontographical  Society  for  the  year  1871,  we  called  attention 
to  the  beds  at  the  base  of  the  Kessingland  cliff  and  their  relation  to 
the  Crag  and  Chillesford  day,  and  gave  a  section  of  them.  Up  to 
that  time  the  cliff  had  been,  at  the  time  of  our  visit,  more  or  less 
obscured  by  talus,  so  that  some  uncertainty  existed  as  to  the  super- 
position of  the  different  beds.  After  a  storm -in  the  month  of 
November  1874,  however,  I  was  fortunate  enough  to  find  the  section 
perfectly  clear ;  and  the  result  of  my  examination  of  the  cliff  was 
laid  in  the  same  month  before  the  Geological  Society  of  Nonvich ; 
but  that  body  does  not  publish  any  record  of  its  proceedings. 

In  all  respects,  so  far  as  the  sequence  of  the  beds  is  couoemed, 
this  recent  exposure  confirmed  the  representation  given  by  Mr.  Wood 
and  myself  in  1871 ;  but  in  one  matter  of  detail,  then  left  doubtful, 
some  correction  is  necessary. 

As  Mr.  Gunn  has  recently  submitted  to  this  Society  a  paper 
describing  his  view  of  the  section*,  which,  in  my  opinion,  differs 
entirely  from  what  was  then  so  clearly  revealed,  I  think  it  desirable 
to  give  a  short  account  of  the  facts  as  they  then  appeared  to  me. 

The  beds  present  in  the  cliff-section  I  take  to  be,  in  ascending 
order,  as  follows : — 

1.  A  stratified  deposit  of  olay  and  sand,  which  appears  to  be  the  Chillesford  Clay. 

2.  A  tou^h  unstratified  clay  of  a  mottled  slate-blue  colour,  shown  in  places  to 
be  underlain  bv  sand  and  grayel,  which  is  penetrated  by  rootlets,  ana*wbich, 
with  the  grayel,  yields  mammalian  remains. 

8.  A  lenticular  bed  of  laminated  sand  and  clay. 

4.  The  Middle  Olacial  sand  and  grareL 

5.  The  Upper  Glacial,  or  Chalky  Boulder-clay. 

No.  1  occurs  for  the  space  of  400  yards  to  the  north  of  the  Pake- 
field-Iighthouse  gorge,  and  for  a  short  distance  to  the  south  of  it.  It  is 
occasionally  exposed  on  the  beach,  but  is  generally  to  be  seen  in  section 
at  the  base  of  the  diffi.  It  is  horizontally  stratified  up  to  its  junction 
with  bed  No.  3,  and  is  evidently  the  denuded  remnant  of  some  formerly 
much  more  wide-spread  deposit.  It  resembles  the  Chillesford  Clay 
in  appearance,  being  composed  of  alternating  layers  of  fine  sand  and 
clay;  and  although  it  cannot  be  positively  identified  with  that  for- 
mation, owing  to  the  absence  of  shells,  there  seems  to  be  little 
question  about  it. 

No.  2  extends  firom  nearly  the  southern  termination  of  the  cliff 

*  Quart.  Joum.  Geol.  Soc.  vol  xxxii.  p,  123. 


Digitized  by  VjOOQIC 


y.  W.  HARVER  OS  THE  KESttlNaLAKD  CUFF-SfiCTION.  135 

at  Ees»iigland  for  a  distance  of  1200  paces  towards  Pakefield,  ter- 
minatiiig  about  500  paces  south  of  the  Lighthouse  gorge*. 

It  is  composed  of  an  unstratified  tenacious  clay  of  a  slate-blue 
ccdour^  occasionally  mottled  with  brown,  and  sometimes  containing 
patches  of  brownish  stratified  sand.  It  is  shown  in  places  to  be 
underlain  by  sand  and  indurated  gravel ;  and  its  upper  sur&oe  is 
thioQghout  penetrated  perpendicularly  by  rootlets.  It  contains  mi- 
nute particles  of  chalk,  specks  of  carbonaceous  matter,  and  a  few 
small  stones ;  and  from  it,  and  from  the  imderlying  gravel,  mamma- 
lian remains  are  obtainedt.  At  its  northern  termination,  where  bed 
No.  3  rests  upon  it,  freshwater  shells,  chiefly  Unio  tumidus,  occur 
at  its  base,  and  in  the  gravel-bed  below  it.  Its  upper  surface  is  re- 
martcably  even ;  and  it  is  occasionally  overlain  by  a  few  inches  of  sand 
or  indurated  gravel. .  Its  greatest  thickness  seems  to  be  about  8 
feet 

No.  3,  which  is  about  6  feet  at  its  greatest  thickness,  fills  a  lenti- 
cular hollow,  cut  out  of  beds  Nos.  1  and  2,  as  shown  in  the  accom- 
panying sections.  It  is  not  penetrated  by  roots,  as  is  No.  2,  but 
contains  at  its  base  an  accumulation  of  wood  d^ris.  It  is  finely 
laminated,  and  extends  about  250  paces  from  end  to  end,  being  shown 
in  placesj:  to  be  underlain  by  sand  and  gravel.  It  varies  in  colour  and 
composition,  resembling  at  its  southern  end  the  black  unstratified 
day  on  which  it  there  rests,  while  northwards  its  colour  changes  to 
a  rusty  brown.  Unfortunately  the  section  is  now  (March  1876) 
much  obscured,  by  talus,  especiidly  at  the  point  where  in  November 
1874  I  saw  the  junction  between  beds  Nos.  1  and  3  so  clearly  ex- 
posed. The  view  has  been  consequently  advanced  that  the  lami- 
nated day.  No.  3,  is  merely  the  continuation  of  the  ChiUesford  Clay, 
No.  1.  To  this  I  reply,  that  the  two  beds  differ  widely  from  each 
0^^  in  f^pearance  and  composition ;  that  the  ChiUesford  Clay  being 
a  deposit  remarkably  nU  generis^  and  easily  recognizable,  the  sup- 
position that  the  laminated  bed  is  a  local  modification  of  it  cannot 
be  admitted.  In  1 874,  as  I  have  observed,  the  section  showed  most 
deariy  the  one  bed  resting  on  the  other,  as  shown  in  fig.  1,  which 
is  a  copy  of  the  sketch  made  at  the  time  in  my  note-book. 

Moreover  the  palseontological  agrees  with  the  phpical  evidence. 
Wherever  the  sand  and  gravel  at  the  base  of  the  ChiUesford  Clay,  or 
that  day  itself,  yields  mollnscan  remains,  they  are  those  of  marine 
•pedes,  except  that  in  some  localities  a  small  admixture  of  fresh- 
water forms  imparta  a  slight  fluvio-marine  aspect  to  the  formation. 
In  the  gravel,  however,  which  underlies  the  laminated  bed  in 
question  the  mollusca  are  entirely  of  freshwater  species,  being  prin- 
cipally Unioe  with  both  valves  united  and  dustered  together  nearly 
ss  they  lived. 

*  Then  measurementfl  are  giTen  on  the  authority  of  Mr.  Henry  Norton,  F.G.S., 
of  Norwidi,  who  spent  serenil  days  in  examining  the  section. 

t  Mr.  E.  T.  Dowson,  of  Gteldeston,  informs  me  that  he  has  also  found  in  it 
the  operoula  of  Btftkinia  tentaculata, 

\  The  repreaontation  ^f  en  in  the  sections  may  perhaps  gire  the  impression 
th^  this  thu  and  intermittent  bod  of  sand  is  more  regular  than  it  really  is. 
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The  bed  No.  4  is  the  Middle 
Glacial  sand  with  fine  shingle 
hands,  which  is  generally  present 
in  the  district  It  rests  upon 
the  nearly  horizontal  surface  of 
the  beds  Nos.  1,  2,  and  3,  from 
end  to  end  of  the  section,  except 
in  one  place  near  the  Fakefield- 
lighthouse  gorge,  where  it  cuts 
thnmgji  No.  1  to  the  beach-line 
for  the  space  of  a  few  yards. 
For  the  greater  part  of  the  dis- 
tance from  Eessin^and  to  the 
lighthouse  gorge  the  Middle 
Glacial  sands  No.  4  are  overlain 
by  the  chalky  Boulder-day  of 
Eaai  Anglia  (or  Upper  Glacial), 
No.  5,  which  here  presents  its 
usual  features. 

I  am  thus  altogether  at  a  loss 
to  disoorer  that  sequence  of  beds 
which  Mr.  Gunn  has  recently 
described.  The  marine  shells 
and  cetacean  bones  mentioned,  in 
the  section  given  by  him,  as  oc- 
curring in  Uie  Chillesford  Clay 
have  never  yet  been  foimd  in 
that  bed  in  the  Eessingland  cliff ; 
and  I  know  of  no  evidence  what- 
ever to  justify  him  in  the  asser- 
tion that  the  Norwich  Crag,  with 
its  marine  and  freshwater  shells, 
is  there  represented.  No  marine 
moQusca,  so  &r  as  I  know,  have 
ever  been  found  there  at  alL 

So  far  also  from  proving  that 
the  Forest-bed  is  older  than  the 
Crag,  the  evidence  of  this  section 
appears  to  me  to  point  the  other 
way.  It  would  seem  that  the 
mammaliferous  mottled  clay,  No. 
2,  was  deposited  either  by  a 
river  or  a  lake  whose  northern 
bsnk,  at  least,  was  formed  by 
the  Chillesford  Clay  exposed  at 
the  Lighthouse  gorge  at  the 
Pakefield  end  of  the  section,  that 
this  mammaliferous  clay  after- 
wards became  sufQloiently  dry  to 
allow  it  to  be  covered  with  vegeta- 
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tioiiy  the  roots  of  which  are  still  preserved  on  it,  and  that  afterwards, 
at  its  extreme  northern  edge,  a  shallow  depression  was  eroded  by  a 
stream,  partly  in  the  mottled  clay,  No.  2,  and  partly  in  the  ChiUee- 
ford  Clay,  No.  1,  into  which  trunks  and  branches  of  trees  growing  at 
the  surface  of  No.  2  were  swept. 

In  the  section,  fig.  2, 1  have  reduced  the  scale,  so  as  to  allow  of 
its  being  prolonged  to  the  northern  extremity  of  Govehithe  difi^ 
where  the  undoubted  Ohillesford  Clay  occurs  capped  by  the  Lower 
Glacial  pebbly  sand,  in  oi*der  that  the  position  occupied  by  the 
mammallferous  day  and  by  the  lenticular  laminated  deposit  rela- 
tively to  the  Chillesford  Clay  both  north  and  south  of  them  may  be 
more  clearly  seen.  I  see  thus  no  reason  to  question  that  they  were 
deposited  in  a  shallow  depression  or  valley  excavated  by  the  removal 
of  the  latest  of  the  Crag-beds,  viz.  the  Chillesford  Clay. 

While,  however,  the  posteriority  of  these  mammaliferous  and  fresh- 
water deposits  to  the  Crag  seems  thus  apparent,  their  age  relatively 
to  the  beds  newer  than  the  Crag  is  obscure,  since  there  is  nothing  to 
show  whether  they  preceded  the  Lower  Glacial  beds,  which  are  absent 
from  the  Kessingland  section,  or  succeeded  them — a  point  of  con- 
siderable interest,  in  reference  to  the  great  denudation  which,  as  Mr. 
Wood  and  I  maintain,  followed  the  Lower  Glacial  formation  when  the 
valley-system  of  East  Anglia  was,  we  believe,  mainly  excavated.  The 
Forest-bed  which  appears  at  intervals  along  the  C^mer  coast,  on  the 
other  hand,  affords  dear  evidence  of  its  having  preceded  the  entire 
Glacial  formation,  since  the  lowest  of  the  Lower  Glacial  beds,  the 
Till  and  the  Pebbly  sand  (the  latter  of  which  is  shown  under  1  a  aa 
capping  Covehithe  Cliff  in  fig.  2),  rest  upon  it — although,  as  has 
been  pointed  out  by  Mr.  Wood  and  myself,  its  relation  to  the  Crag 
is  obscure,  owing  to  the  absence  there  of  any  deposit  that  we  could 
recognize  as  bdonging  either  to  the  Crag  or  Chillesford  beds. 

There  is  another  matter  connected  with  this  subject  to  which  I 
desire  to  allude,  viz.  the  nature  of  the  stone-bed  which  underlies 
the  Crag  at  Thorpe,  Bramerton,  Horstead,  and  other  places,  which  has 
been  regarded,  erroneously  as  Mr.  Wood  and  I  think,  as  an  old  land- 
surface.  It  is  usually  of  inconsiderable  thickness,  consisting  of  large 
subangular  flints  imbedded  in  a  matrix  of  ferruginous  sand  and 
gravd;  and  in  it  occur  mammalian  remains,  such  as  the  teeth  of 
Mastodon  arvemensis,  a  species  which,  according  to  Mr.  Prestwich 
(Q.  J.  G.  S.  voL  xxvii.  p.  118),  occurs  similarly  in  the  bed  of  phoa- 
phatio-nodule  and  other  d^ris  at  the  base  of  that  much  earlier  for- 
mation the  Coralline  Crag.  It  does  not  present  the  least  resemblance 
to  such  a  formation  as  the  Purbeck  dirt-bed  or  to  a  freshwater  d^xwit; 
and  it  is,  I  believe,  merdy  the  marine  basement-bed  of  the  formation 
which  overlies  it,  the  mammalian  remains  found  in  it  (which  are  gene- 
rally much  worn  and  rolled  and  very  imperfect)  being,  like  those  at 
the  base  of  the  Coralline  and  Bed  Crags,  as  much  derivative  as  are 
the  flints  with  which  they  are  associated.  Fig.  3  represents  the 
way  in  which,  I  believe,  this  bed  may  have  originated,  viz.  by  the 
advancing  waters  of  an  estuary  which  washed  back  its  chalk  shore 
and  any  Tertiary  bed  which  may  have  rested  on  the  Chalk.    Had  the 
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Mastodon,  Bhinoceroe,  and  other  animalw  whose  remains  occur  in  this 
stone-bed  been  bnried  in  it  at  the  time- they  died,  or  soon  after,  we 
could  not  fail  to  find  a  proportionally  greater  number  of  bones  than 

Fig.  3. — Section  representing  the  supposed  Conditions  under  which  the 
SUme-hed  called  Land-surface  at  the  Base  of  the  Norwich  Crag 
was  formed. 


"^a^- 


1  ^,4^i^  *'"MfWJ 


1.  Low  diff  of  Chalk  with  rows  of  flints  (a)  in  ntu, 

2L  Beds  of  Older  and  Newer  Pliooene  age,  capping  the  Chalk  and  contain* 

ing  the  remains  of  Mastodon  arvemensi*  and  other  Mammalia. 
b.  Talus  of  chalk* flints,  passing  into  b\  the  basement-bed  of  the  Norwich 

Crag,  as  the  sea  encroached  on  the  land. 

of  teeth ;  we  should  sometimes  meet  with  entire  skeletons  *,  or 
portions  of  them,  with  associated  bones  more  or  less  in  juxtaposition, 
and  we  should  often  find  jaws  with  teeth  attached,  as  we  do  in  the 
undisturbed  Cromer  Forest-bed  and  elsewhere;  but  the  very  reverse 
of  all  this  is  the  case.  The  supposition,  on  the  other  hand,  that  these 
worn  and  fragmentary  teeth  were  derived  from  the  waste  of  some 
older  deposit  explains  these  facts.  The  bones  of  a  skeleton,  washed 
by  waves  from  a  cliff,  fragile  as  such  fossil  remains  always  are, 
would  be,  as  a  rule,  quickly  destroyed,  while  the  teeth,  being  harder, 
would  be  preserved  and  buried  a  second  time.  The  cliff,  of  course, 
would  be  worn  away  as  the  land  sank  and  became  submerged. 

A  similar  stono-bed  occasionally  overlies,  and  is  bedded  up  to,  the 
denuded  remnants  of  the  Forest  (which  is  by  no  means  the  continuous 
formation  it  has  sometimes  been  represented  to  be)  on  the  North 
Norfolk  coast.  It  often  contains  mammalian  fossils  derived  from  the 
freshwater  deposit  associated  with  the  true  Forest-bed  in  the  imme- 
diate neighbourhood,  and  has  sometimes  been  mistaken  for  those 
deposits  in  situ.  It  extends  laterally  beyond  the  limits  of  that  for- 
mation, forming,  as  at  Wey bourne,  on  the  surface  of  the  Chalk,  the 
basement  bed  of  the  Lower  Glacial  Pebbly  sands.  It  contains  at 
that  place  marine  shells  of  the  same  species  as  the  deposit  which 
overlies  it.     The  bed  of  flints  in  question  at  the  base  of  the  Norwich 

*  The  statement  that  an  entire  skeleton  of  the  Mastodon  was  found  some 
jmn  ago  at  Horatead,  is  one  which  rests  entirely  on  hearsay  evidence,  and  is, 
J  believe,  from  inquiries  I  have  made,  unworthy  of  credit. 
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Crag  contains,  similarly,  Crag-shells*.  The  occurrence  in  it  of  marine 
moUusca  is  hardly  to  be  reconciled  witii  the  theory  that  the  stone- 
bed  represents  a  terrestrial  surfacef. 

DiSOUSSIOK. 

Mr.  Chablbsworth,  referring  to  Mr.  Whitaker's  paper,  stated 
that  he  regarded  the  non-fossiliferoos  sands  as  Crag.  At  Felizstow 
the  London  Clay  is  under  the  Crag,  and  without  fossils ;  hence  he 
argued  that  the  fossils  were  not  removed  by  chemical  means,  but 
that  they  never  were  there.  He  could  not  believe  that  sharks' 
teeth  would  be  dissolved  away  by  water  charged  with  carbonic  acid ; 
but  he  had  never  seen  sharks'  teeth  in  the  sands.  With  regard  to 
Mr.  Harmer's  paper,  he  said  that  the  mammalian  remains  in  the 
subangular  beds  must  of  necessity  be  rounded,  but  that  they  are  not 
therefore  necessarily  derivative.  The  Crag  must  have  had  a  land- 
fauna,  the  remains  of  which  would  be  carried  down  streams  by 
floods,  as  in  Australia.  If  the  fossils  are  derivative,  he  asked. 
Whence  are  they  derived? 

Prof.  HxTQHBS,  in  confirmation  of  the  view  advocated  by  Mr. 
Whitaker,  mentioned  cases  which  had  come  under  his  observation 
in  the  Faluns  and  in  the  chalky  gravel  of  Cambridge,  where  the 
removal  of  the  carbonate  of  lime  from  the  upper  part  by  percolating 
acidulated  water  produced  phenomena  similar  to  those  described  by 
Mr.  Whitaker.  He  pointed  out  that  other  peculiarities,  such  as  the 
vertical  arrangement  of  the  pebbles  dropped  into  the  pipy  hollows, 
the  looping  of  the  earthy  residuum,  the  frequent  coincidence  of  the 
pipes  and  pans  with  surface-features,  and  various  other  conditions 
affecting  the  collecting  and  passage  of  the  acidulated  water,  proved 
that  the  explanation  offered  was  the  true  one. 

Prof.  Seelst  maintained  that  the  irregularities  of  the  graveb 
described  by  Mr.  Whitaker  were  due  to  staining  by  iron  and 
solution  by  carbonic  acid,  liberated  by  the  growth  and  decay  of 
vegetation  and  old  forests.  He  thought  that  they  only  differed 
from  the  forest  stainings  which  cap  most  Postglacial  gravels  in 
being  of  greater  thickness.  The  fact  of  interglacial  denudation  as 
described  by  Messrs.  Wood  and  Harmer  seemed  to  him  self-evident 
from  the  devation  of  land  after  the  Middle  Glacial  beds  were 


Prof.  Morris  remarked  that  the  whole  subject  was  oue  of  extreme 
difficulty.  He  thought  that  the  occurrence  of  mammalian  remains 
at  the  base  of  each  of  the  Crags  needs  further  investigation.  The 
interglacial  formation  of  Switzerland  represents  the  forest-beds  of 
Norfolk. 

Prof.  Eamsay  said  that  there  was  a  growing  opinion  that  the 

*  For  one  instance  of  this  see  Supplement  to  *  Crag  Mollueca '  in  Pal.  Soo. 
PuUicationfl  for  1874,  p.  151. 

t  Mr.  8.  Woodward,  in  his  *  Geology  of  Norfolk'  (1823),  toking  the  same 
Tiew  of  this  stone-bed,  points  out  that  a  precisely  similar  deposit  is  now  form- 
ing on  the  Cromer  coast  in  places  where  the  bed  of  the  sea  is  composed  of  chalk. 
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£are0t-beds  were  intergiacialy  and  remarked  that  traces  of  man  had 
been  found  in  interglacial  deposits  in  Switzerland. 

Prof.  HuGHXB,  referring  to  the  statement  of  Prof.  Ramsay,  thought 
that  the  diacoTery  referred  to  was  probably  that  of  Dr.  Scheuer- 
mann, reoorded  by  Prof.  BtLtimeyer,  of  sticlu  apparently  artificially 
pointed  which  had  been  found  in  lignite,  and  were  considered  to  be 
of  the  age  of  the  Diimten  Coal.  He  thought,  however,  that  there 
were  many  sources  of  error  in  the  observation,  and  was  not  inclined 
to  accept  the  facts  as  recorded  until  further  evidence  was  produced. 

Mr.  Whitaxer  remarked  that  the  chief  point  of  Messrs.  Wood 
and  Harmer's  paper  depended,  to  some  extent,  on  the  identification 
of  OCTtain  inland  brick-earths  with  the  "  Contorted  Drift "  of  the 
coast  (Lower  Glacial) ;  and  ho  wished  for  further  proof  of  this  iden- 
tification in  many  cases,  as  he  had  seen  like  brick-earths  in  the 
Middle  Glacial  beds.  He  thought  that  there  was  some  difScnlty  in 
the  use  of  the  name  '^  Forest-bed,"  as  it  seemed  to  have  been  apj^ed 
to  different  horizons  by  different  observers.  Referring  to  Mr. 
Charlesworih's  remarks,  he  denied  that  the  London  Clay  of  Felix- 
stow  &c.  was  unfossiliferouB,  and  stated  that  the  absence  of  shells 
in  the  Crag  sand  must  have  been  through  removal,  as  casts  were 
often  left,  proving  the  former  existence  of  the  shells. 

Mr.  HARmtB  briefly  explained  the  views  advocated  in  his  paper. 
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9,  On  the  Icb-Fjoeds  of  North  GRESifLANi),  and  an  the  Formaiiok 
of  Fjords,  Lakes,  and  CiRauss  in  Norway  and  GRRSirLAirD.  By 
Amuitd  Hbllaitd,  Fellow  of  the  University  of  Christdama.  (Bead 
June  21,  1876.) 

(Oommunioated  by  Prof.  Bamsay.) 

The  observations  recorded  in  the  following  paper  were  made  during 
two  years  of  travel  among  the  igords  and  mountains  of  Norway,  and 
during  a  visit  to  the  ice-fjords  of  North  Greenland  in  the  summer  of 
1875.  These  travels  were  almost  wholly  undertaken  \irith  the  view 
of  seeing  how  far  these  countries  confirmed  the  views  entertained  by 
Prof.  Eamsay  and  other  English  and  American  geologists  as  to  the 
origin  of  i^oi^  and  lakes. 

We  will  first  examine  the  jQords  of  North  Greenland,  ascend  to  the 
Inland  Ice  which  covers  the  whole  country,  so  far  as  is  known,  then 
visit  the  glaciers  which  descend  into  the  jgords,  measure  their  rate  of 
flow,  and  examine  the  other  phenomena  which  they  present.  As 
these  are,  in  many  respects,  of  the  greatest  importance  to  geology  in 
general,  they  shall  be  described  more  fully  than  is  necessary  for  ex- 
plaining the  formation  of  fjords  and  lakes. 

The  tract  over  which  I  travelled  in  North  Greenland  extends  from 
the  colony  of  Egedesminde  (60^  42'  9"  N.  lat.,  according  to  Norden- 
slgold)  to  the  fjord  of  Eangerdlugssuak  (about  71^  15'  N.  lat.)  in  the 
district  of  the  Colony  of  Umanak*. 

Of  the  great  ice-i^ords  which  produce  bergs  of  large  dimensions, 
the  following  were  visited,  viz.  those  of  Jakobskavn  and  Torsukatak ; 
of  the  smaller,  which  produce  only  little  bergs,  those  of  Sarkardlek, 
of  Alangordlek  (in  the  district  of  Christianshaab),  and  of  Eangerd- 
lugssuak. The  ice-filled  valley  of  Dartdlek,  by  Pakitsok,  was  tra- 
versed, and  the  Inland  Ice  here  ascended.  A  large  number  of 
glaciers  in  the  district  of  Umanak  were  visited,  many  of  which, 
&ough  small  compared  with  the  gigantic  ice-streams  of  the  Qord, 
can  yet  compete  with  the  largest  of  Europef. 

A  Norwegian  geologist  travelling  in  North  Greenland  will  find 
much  that  is  new  to  him,  but  perhaps  still  more  that  is  familiar. 
The  rocks  of  this  country  chiefly  belong  to  the  Azoic  formation,  gra- 
nites, gneiss  of  various  kinds,  mica  schists,  and  homblendic  schists — 
on  the  whole,  rocks  well  known  in  the  Azoic  formation  of  Norway. 

Bisko  Island,  however,  and  Nugssuak  peninsula  are  composed  of 
newer  rocks — sand,  sandstones,  and  shales,  with  fossil  plsmts  and 

*  In  the  orthography  of  Greenlandio  names,  I  hare  foUowed  that  of  Elean- 
Schmidt's  Dictionary,  whererer  the  signification  was  known. 

t  Our  present  knowledge  of  the  ioe-yords  and  of  the  Inland  Ice  is  chiefly  de- 
rived firom  Dr.  Rink's  '  G&onland  ^eographisk  og  statistisk  beskrevet,'  and  Pro- 
fessor Nordenslgold's  '  En  Expedition  till  Nordgrouland.'  By  these  traTellers 
many  of  the  phenomena  mentioned  in  the  following  paper  have  been  already 
described. 
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layen  of  coal ;  these  formadoiis  are  coyered  by  a  thidL  sheet  of 
banh.  From  them  Professor  Nordenskjold  has  made  rich  coUeotioiis 
of  fossil  plants  of  the  Cretaceous  and  Miocene  periods  ;  and  by  exa- 
mining these  plants  Dr.  Heer  has  shown  that  ihe  climate  of  North 
Greenland  must  once  have  been  subtropical,  much  like  that  now 
{ffevailing  in  ihe  Canary  Islands,  or  in  Northern  Egypt,  with  a  mean 
annual  temperature  which  cannot  have  been  lower  than  21°  or  22^  C. 

In  Upemivik  Island,  and  in  other  places  on  the  south  side  of 
Umanak  Fjord,  one  sees  how  the  great  glaciers  arc  cutting  valleys 
through  these  fossiliferous  strata,  and  dragging  down  to  the  moraine 
or  to  the  sea  boulders  containing  the  half-c^aced  renmants  of  a  sub- 
topical  vegetation. 

like  the  west  coast  of  Norway,  Greenland  is  intersected  by  many 
laige  Qords,  which,  when  not  filled  wholly  or  partially  by  glaciers, 
pierce  deep  into  the  country.  In  front  of  the  Qords  near  the  open  sea 
there  is  a  ^'  Skarg&rd  "  of  larger  and  smaller  islands,  perfectly  resem- 
bling t^  ^^  Skar^M  "  of  Norway.  Generally  the  part  of  Greenland 
nearest  to  the  sea,  or  ^^  the  outer  land,^  which  is  not  covered  by  eternal 
snow,  strikingly  resembles  the  outermost  skerries  and  islands  on 
the  west  coast  of  Norway,  both  in  the  rocks  and  in  the  configura- 
tion of  the  islands.  The  hills  around  the  Qords  in  North  Greenland 
vary  much  in  height,  being  sometimes  ridges  only  a  few  hundred 
feet  above  the  sea,  sometimes  mountains  4000  feet,  and  occasionally 
even  6000  feet  or  a  little  more. 

On  the  whole,  ihe  part  of  North  Greenland  here  described  can  be 
geologically  and  orographically  divided  into  three  districts : — (l)the 
land  around  Disko  Bay ;  (2)  Disko  Island,  with  the  tableland  of 
Nugssuak  peninsula ;  (3)  the  high  land  of  Umanak. 

(1)  The  land  around  Disko  Bay  consists  of  gneiss.  It  is  of  no 
gr^  elevation,  in  the  southern  part  rarely  rising  to  1000  feet ;  in 
Uie  northern  part,  however,  in  Arveprindsen  ledand,  it  rises  up  to 
2000  feet.  The  islands  along  the  coast  of  the  district  of  Egedes- 
ninde  are  small,  low,  and  rounded.  Two  large  ice-Qords  intersect 
the  mainland,  that  of  Jakobshavn  in  the  central  part,  and  that  of 
Torsukatak  in  the  north. 

(2)  The  configuration  of  the  land  round  Disko  Bay  contrasts 
strikingly  with  that  of  Disko  Island,  which,  as  already  said,  is  com- 
posed of  formations  belonging  to  the  Cretaceous  epoch  and  of  basalt. 
The  difference  in  rock-structure  has  produced  a  marked  difference  in 
scenery.  Disko  Island  and  NUgseuak  peninsula  are  less  cut  into 
islets  and  headlands  than  the  more  undulating  tracts  of  gneiss  round 
Disko  Bay,  but  form  basaltic  tablelands  divided  into  two  parts  by 
the  Waigat  Qord,  with  a  generally  corresponding  structure  on  either 
side. 

No  great  glacier  from  the  Inland  Ice  intersects  this  part  of  North 
Greenland,  which  is  connected  with  the  ice-dad  inner  land  only  by 
a  narrow  isthmus ;  but  very  many  glaciers  descend  into  valleys  firom 
the  high  snow-clad  interior  of  Disko  Island  and  of  Nugssuak  penin^ 
sola ;  in  both  these  there  are  mountains  from  3000  to  4000  feet  high. 
The  highest  basaltic  mountains  of  Greenland  are  probably  situated 
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in  the  Dorthem  part  of  the  peninsula,  where  the  Kelarttngoak  rises  to 
1857  metres.  "  Uhekjendt  Eiland,"  lying  north  of  Nugssuak  penip- 
snla,  consists  like  it  of  hasaltic  rocks,  and  is  tiins  in  relation  with  it. 

(3)  The  high  land  of  Umanak  eonsists  of  a  line  of  peninsulas, 
divided  hy  ice-filled  i^ords  and  witii  islands  in  front.  This  part  of 
Greenland,  so  far  as  it  is  known,  consLsts  of  gneiss  and  Azoic  slates ; 
everywhere,  even  in  the  iaittids,  the  mountains  rise  to  considerable 
heights.  The  little  island  of  Umanak,  though  situated  in  the  middle 
of  the  Qord  and  only  one  gec^raphical  mile  long,  rises  to  a  height  ci 
1163  metres  abore  the  sea ;  and  its  uppermost  part  is  quite  inacces- 
sible. The  sides  of  the  islands  and  peninsulas  between  the  Qords 
are  also  steep  and  often  inaccessible.  The  mountains  are  Alpine  in 
character,  some  peaks  near  the  sea  rising  to  2000  metres.  The  tract 
between  Kangeidlugssuak  and  Ingnerit  is  especially  conspicuooa  for 
bold  peaks,  lofty  mountains,  and  numerous  glaciers.  The  following 
measurements  were  made  with  a  theodolite  and  a  base-line: — three 
peaks,  called  by  the  Greenlanders  Agpatsiait  (the  bird-mountain,  fre- 
quented by  atdcs),  on  the  peninsula  between  the  Qords  of  Eangerd- 
luarssuk  and  Ingnerit— No.  1,1 964m.,  No.  2, 2032m., No.  3, 1930  m.; 
four  peaks  called  Kioke,  on  the  peninsula  between  the  Kangerdluaxs- 
suk  Fjord  and  the  sound  separating  the  Island  of  Upemivik  £K>m 
the  mainland,  gave  the  following  heights — No.  1,  1738  m..  No.  2, 
1847  m..  No.  3, 1763  m.,  No.  4, 1878  m.  A  mountain  in  the  Fjord 
ot  Eangerdluarssuk  is  1958  m.  Another,  named  Kingasima, 
appears  to  be  somewhat  higher ;  but  its  distance  from  the  base  was 
too  great  for  accurate  measurement.  These  mountains  are  the 
highest  on  the  west  coast  of  Greenland,  visible  from  the  sea-slMNre, 
alUiough,  of  course,  it  is  not  improbable  that  others  yet  higher  may 
lie  further  inland.  Ice-i^ords  and  glaciers  abound  in  this  part  of 
Greenland.  Of  the  former  there  are  no  less  than  eight  along  about 
1^  of  latitude,  the  northernmost  and  the  southernmost  producing 
icebergs  some  hundreds  of  feet  high. 

I%e  Inland  lee. — In  Greenland,  when  a  i^ord  is  followed  up  into 
the  country,  the  way  is  sooner  or  later  barred  by  a  glacier  which 
has  descended  the  valley  and  extends  across  the  Qord  from  shore  to 
shore,  ending  in  a  steep  wall  which  gives  rise  to  ice-bergs.  Occa- 
sionally, indeed,  the  glacier  does  not  descend  the  valley  to  the  levd 
of  the  water ;  but  no  lai^  Qord  or  valley  is  known  in  the  mainland 
of  Greenland  which  does  not  contain  a  more  or  less  imposing  glader. 
On  gaining  a  commanding  position,  this  glacier  will  be  seen  to  descend 
from  a  wide  inland  ice-fidd  to  which  no  limit  can  be  seen  even  from 
the  summit  of  one  of  the  mountains  on  its  border,  the  ice  extending 
inland  as  far  as  the  eye  can  reach.  This  vast  ice-field,  called  the 
Inland  Ice,  and  by  the  Esquimaux  Sermerssuak  (the  great  ice),  which, 
so  far  as  we  know,  covers  the  whole  interior  of  Greenland,  occupies  an 
area  greater  than  the  Scandinavian  peninsula.  I  have  had  a  view  over 
it  from  ^ye  places ;  from  each  of  these  its  appearance  was  the  same, 
resembling  a  great  sea ;  but  it  seems  to  rise  slowly  inland,  forming 
an  undulating  sky-line ;  it  lies  at  a  lower  level  than  the  mountains 
near  its  borders,  so  as  to  be  overlooked  from  them.   This  peculiarity 
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is  Tery  strikingly  exhibited  at  the  upper  end  of  the  Kangerdlngssaak 
Fjord,  where  the  mountains  rise  several  thousand  feet  above  the 
Inland  Ice.  Nowhere  did  I  see  mountains  rising  from  it  at  any 
great  distance  from  its  outer  edge ;  but  it  often  happens  that  portions 
of  land  protrude  like  islands  near  the  border  of  the  sea  of  ioe ;  these, 
however,  are  not  be  regarded  as  insulated  peaks  rising  above  the 
ke,  but  rather  as  portions  of  the  bordering  land  encirded  by  the 
Inland  Ioe  or  its  dependent  glaciers.  They  resemble  in  appearance 
the  bordering  land,  and  are  called  by  the  natives  Nunataks,  appen- 
dages to  the  land.  For  example,  at  Kangerdlugssuak,  where  the 
mountains  are  lofty  atad  the  sides  of  the  i^ords  steep,  there  are  three 
Kunataks,  also  with  steep  nearly  vertical  sides,  and  equalling  in 
hdght  the  neighbouring  land ;  but  above  the  Inland  Ioe  of  Disko 
Bay,  where  the  outlines  of  the  land  are  less  abrupt,  the  Nunataks 
are  lower  knolls. 

I  observed  the  Inland  Ice  most  closely  above  Ilartdlek,  near 
Pakitsok,  during  an  expedition  up  it  on  July  17,  1875.  Here  the 
mountains  rise  some  hundreds  of  feet  above  the  Inland  Ice,  from 
which  a  huge  glacier  descends  almost  to  the  sea,  probably  through  a 
valley  in  the  mountain-ridge.  By  ascending  a  mountain  on  the  left 
side  of  this  glacier  and  then  descending  some  three  or  four  hundred 
feet,  the  surface  of  the  Inland  Ice  may  be  reached  without  difficulty ; 
it  forms  here  small  undulating  and  gently  sloping  hummocks,  on  an 
aTerage  scarcely  six  feet  high,  and  so  is  easily  traversed ;  there  are 
but  few  fissures,  and  these  narrow  enough  to  be  crossed  without 
difficulty.  Several  rivers,  however,  flow  over  the  surface  in  various 
directions,  some  too  large  to  be  easily  crossed.  Their  water  is  clear 
and  free  from  mud ;  they  have  excavated  canal-shaped  beds,  the  ioe  at 
the  boM»m  being  of  a  bluish  colour.  Their  size  doubtless  depends 
upon  the  temperature ;  and  when  it  sinks  to  the  freezing-point  they 
probably  vanish.  On  that  day  at  4  p.v.,  the  air-temperature  one 
and  a  half  metre  from  the  sur&ce  of  the  ice  was  7°  C.  in  the  shade. 
The  ice  itself  is  granular  at  the  surfeMse ;  but  this  structure  extends  to 
no  great  depth ;  for,  on  cutting  into  it,  compact  ioe,  with  air-bubbles, 
is  soon  found.  The  ordinary  ice  is  often  intersected  by  blue  veins. 
Cones  of  sand  and  gravel  with  the  usual  icy  cores  occur  near  the 
border  of  the  Inland  Ice,  alBo  regular  cylindrical  holes  of  variable 
breadth  up  to  one  and  half  metre,  filled  with  dear  water  and  with 
a  layer  of  clay  at  the  bottom.  Boulders  and  gravel  are  only  found  near 
the  border  of  the  Inland  Ice ;  along  this  was  a  small  moraine  scarcely 
six  feet  high,  while  that  beside  the  glacier  lower  down  was  as  much 
as  16  metres.  The  above  description  of  the  Inland  Ice  at  Ilartdlek 
agrees  in  all  respects  with  that  given  by  Professor  Nordenskjold  of  the 
Inland  Ice  above  Aulatsivik  (Auleitsivik);  so  that  probably  the  same 
features  would  be  found  over  the  whole  extent  of  the  surface  be- 
tween the  two  places,  only  interrupted  by  crevasses  where  the  great 
gladers  descMid  to  the  ^ords.  The  surface  of  these  is  ofb^  so 
much  fissured  as  to  be  impassable ;  the  above  crevasses,  however,  do 
not  24>pear  generally,  so  Car  as  my  experience  goes,  to  extend  very 
far  up  into  the  Inland  Ice.     It  is  very  difficult,  if  not  impossible,  to 
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determine  the  thickness  of  this  mass  of  Inland  Joe.  At  Ilartdlek 
the  surface  of  the  ice,  some  thousand  metres  from  the  end  of  the 
glaciers,  has  an  elevation  of  251  metres.  The  ice  itself  prevents  us 
from  seeing  how  much  the  bed  of  the  valley  beneath  the  glacier  has 
risen ;  but  if  there  is  not  a  basin  below,  this  can  hardly  be  less  than 
50  metres  above  the  sea ;  hence  the  thickness  of  the  Inland  Joe 
near  its  border  cannot  exceed  250  metres,  and  is  probably  not  more 
or  is  even  less  than  200  metres ;  but  since  its  surface  rises  as  we  pro- 
ceed inland,  its  thickness  may  possibly  increase  in  that  direction. 

As  the  interior  of  Greenland  has  been  so  little  visited,  not  much 
is  known  of  the  limits  of  this  vast  ice-field,  those  on  the  west, 
nearest  to  the  inhabited  outer  land,  are  best  known.  Here  the 
accounts  of  the  old  Korwegians,  the  Esquimaux,  and  modem 
travellers  agree  that  the  Inland  Ice  is  everywhere  found  in  going 
eastwards;  so  we  may  take  it  as  settled  that  its  western  border 
extends  continuously  from  the  northern  colonies  to  the  district  of 
Julianehaab.  It  is  evident  that  the  Inland  Ice  will  also  be  found 
by  ascending  the  fjords  westward  from  the  east  coast,  because  of 
the  abundance  of  icebergs  in  this  neighbourhood.  Captain  Graah  * 
states  that  these  are  innumerable  near  the  coast  at  all  times. 
Kaiser  Eranz-Joseph's  Fjord  in  73°  N.  lat,  discovered  by  the  second 
Grerman  Polar  Expedition,  is  an  ice  fjord  giving  rise  to  bergs  above 
200  feet  high ;  these  can  only  be  produced  by  a  great  inland  ice-field. 
From  such  observations,  then,  we  may  assume  that  the  Inland  loe 
feeding  the  glaciers  on  the  west  coast  is  continuous  with  that  from 
which  the  bergs  on  the  east  coast  are  derived. 

The  existence  of  this  ice-sheet  is,  indeed,  an  assumption,  as  no 
one  yet  has  travelled  across  Greenland;  but  it  is  in  accordance  with 
the  few  observations  that  have  been  made ;  and  the  existence  of  an 
ice-free  district  in  Inner  Greenland  would  require  that  its  physical 
features  should  be  very  peculiar  and  exceptional  f. 

The  amount  of  precipitation  in  North  Ghreenland  seems  to  indicate 
indirectly  the  great  extent  of  the  Inland  Ice ;  for  where  the  glaciers 
are  largest,  it  is  not  considerable ;  at  the  colony  of  Jakobshavn  the 
rainfall  from  July  1 873  to  July  1874  was  219-7  mm.,  from  July  1874 
to  July  1875,  183*7  mm.  In  the  district  of  Umanak,  where  there 
are  a  number  of  great  ice-jgords,  the  rainfall  seems  to  be  no  greater; 
yet  here  the  glaciers  are  very  large,  one  may  say,  the  largest  known ; 
so  that  we  can  only  account  for  them  by  supposing  that  they  are 
supplied  from  a  very  extensive  upland  district  on  which  there  is  a 
considerable  snowfall,  and  thus  tiiat  there  can  be  little  land  in  the 
interior  free  from  ice.  Be  this  as  it  may,  there  is  no  doubt  that  the 
ice-sheet  extends  into  Greenland  beyond  the  range  of  vision. 

As  the  interior  of  the  country  is  unknown,  so  is  the  configuration 
of  the  ground  beneath  the  ice ;  still  it  may  be  possible  to  obtun  from 
analogy  an  idea  of  this.  Even  in  the  writings  of  some  of  the  most 
modem  Arctic  travellers  we  find  the  idea  expressed  that  all  Green- 

*  UndersogelfleB  Beiae  til  Ostkyston  af  Gronland. 

t  See  Dr.  Bink*B  '  Om  Gronlands  Indre.'    Fra  YidenBkabens  Yerden,  2den 
B»kk.  No.  9. 
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land  IB  but  a  collection  of  islands, — ^in  other  words,  that  the  Skargard 
on  the  coast  represents  in  miniature  the  whole  country,  except  that 
these  islands  are  covered  up  and  connected  by  a  continuous  ice- 
sheet  With  this  idea  any  one  who  is  familiar  with  a  fjord  and  its 
ramifications  cannot  agree.  Greenland  is  a  Qord  land,  as  is  the 
west  coast  either  of  Norway  or  of  North  America ;  so  that  if  we 
woold  fOTm  a  conception  of  what  is  concealed  by  the  ice  in  it,  we 
mast  study  what  is  uncovered  in  them.  Hero,  then,  it  is  obvious 
that  largo,  deq),  and  strongly  marked  Qords  do  not  intercept  the 
country  as  sounds,  but  pierce  into  the  land  as  valleys  whose  ramifi- 
cations  at  last  die  away  in  the  interior.  We  conclude,  therefore, 
that  the  structure  of  Greenland  is  somewhat  similar,  and  so  that  it 
is  not  a  coUection  of  islands. 

TJu  Oladers  in  the  Ic&-fJQrd», — ^These  stand  in  the  same  relation 
to  ttLQ  Inland  Ice  as  a  river  does  to  the  lake  from  which  it  flows.  If 
the  former  be  dammed  up,  the  level  of  the  latter  rises ;  so,  if  the  ice- 
Qord  be  blocked,  the  thickness  of  the  Inland  Ice  will  increase  until 
it  can  find  a  new  outlet.  We  may  divide  the  ice-Qords  into  those 
which  produce  large  bergs  and  those  which  only  produce  small 
bergs  and  ^^  calf-ice ;"  the  nature,  however,  of  both  is  the  same,  the 
a{^>earaiice  of  the  glaciers,  and  their  junction  with  the  Inland  Ice ; 
but  the  quantity  of  ice  which  the  glaciers  of  the  larger  fjords  dis- 
diarge  into  the  sea  as  bergs  is  so  great  as  to  distinguish  them  from 
the  rest.  Of  the  five  fjords  in  North  Greenland  of  the  former  class, 
four  are  situated  in  the  district  here  described ;  two  of  these,  that 
of  Jakobshavn  and  that  of  Torsukatak,  lead  from  Bisko  Bay  into  the 
mainland  ;  the  other  two,  the  greater  Karajak  and  the  Umiamako 
(the  Great  Xaugerdlugssuak  of  Dr.  Eink's  map),  occur  in  the  distiict 
of  Umanak  * :  the  name  here  given  is  the  one  used  by  the  Green- 
landers,  and  that  of  Kangerdlugssuak  f  is  applied  to  a  i^ord  directly 
south  c^  the  Umiamako. 

Of  the  smaller  ice-Qords  there  are  two  in  Disko  Bay,  that  of 
Alangordl^  and  that  of  Sarkardlek.  These  debouch  into  two 
branches  of  the  Tasuiesak,  a  lateral  fjord  of  the  Jakobshavn.  The 
following  are  in  the  district  of  Umanak,  between  the  Great  Karajak 
on  the  south  and  the  Umiamako  on  the  north — the  Little  Karajak, 
the  Sermelek,  the  Slivdiarssuk,  the  Ingnerit,  the  Kangerdluarssuk, 
and  the  Kangerdlugssuak.  Jakobshavn  Fjord  is  filled  by  the  great 
glacier  (situated,  according  to  Dr.  Eink,  in  69®  10'  north  lat.) 
which  produces  the  numerous  icebergs  in  Disko  Bay ;  the  immense 
number  of  these  of  all  sizes  renders  the  fjord  inaccessible  to  boats 
in  the  summer  time,  for  then  the  ice  makes  it  hardly  possible  to  see 
the  water,  even  from  an  elevation.  The  glacier,  however,  can  be 
reached  by  a  circuitous  route,  as  mentioned  by  Dr.  Eink  and  Prof. 
Nordenskjold.  I  went  to  a  place  named  Tivsarigssok,  a  creek 
covered  with  ice  and  blocked  up  by  the  glacier  which  fills  the  Qord, 
The  sea,  however,  extends  to  this  place,  for  the  ice  of  the  creek 

^  The  fiiih  Qord  is  thst  of  UperniTik  in  the  district  of  the  same  name. 
t  n^  wofd  means  '*  a  great  Qord,"  a  further  reason  for  not  prefixing  "  great  ^ 
toit 
aJ.O.S.  No.  129,  L 
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rises  and  falls  with  the  tide:  this  ioe  enables  one  to  reach  the 
glacier  and  the  side  of  the  main  ^ord.  The  snrface  of  the  glacier 
is  greatly  crevassed,  some  of  the  ice-peaks  being  full  fifby  feet  high ; 
still  the  glacier  can  be  traversed  up  to  a  distance  of  about  a  hundred 
paces  from  the  side  of  the  i^ord  :  here,  however,  it  is  broken  up  into 
steep  inaccessible  crags  by  gaping  crevasses  fathoms  broad,  which 
run  in  all  directions.  To  this  glacier  there  is  no  continuous  lateral 
moraine,  but  erratic  blocks  and  dirty  ice  occur  on  its  surface  near 
the  margin.  As  a  rule,  no  boulders  were  seen  in  the  middle  part  of 
the  glacier. 

The  breadth  of  the  §ord  varies ;  in  one  place  which  was  measured 
it  was  about  4500  metres.  The  length  of  the  glacier  from  the  place 
where  it  merges  into  the  Inland  Ice  is  approximately  21  kilomeires^ 
A  point  where  the  side  of  the  Qord  disappears  under  the  Inland  Ice 
is  more  than  150  metres  above  the  sea ;  hence  the  slope  of  the 
glacier  is  not  quite  half  a  degree.  The  glacier  passes  evenly  into 
the  Inland  Ice,  which  slopes  slowly  upwards  beyond  it. 

The  icebergs  in  front  of  the  end  of  the  glacier  not  seldom  overtop 
it  by  as  much  as  30  metres,  for  its  terminal  ice-wall  rises  scarcely 
more  than  40  metres  from  the  sea.  The  line  where  the  glacier  ends 
and  the  bergs  begin  is  in  this  case  easily  observed,  for  though  its 
surface  is  much  fissured,  the  outline  of  the  bergs  is  even  more  con- 
fused ;  but  the  end  of  the  glacier  is  indicated  still  more  clearly  by  a 
thin  layer  of  fine  dust,  which  distinguishes  it  from  the  cleaner  sur- 
face of  the  recently  broken-off  and  overturned  bergs.  The  sides  of 
the  Jakobshavn  Fjord  are  not  very  steep  or  high,  and  so  it  is  not 
difficult  to  traverse  its  south  side. 

The  usual  method  of  measuring  the  rate  of  motion  of  a  glacier, 
by  fixing  a  line  of  poles  across  it,  caunot  be  applied  in  the  ice-Qords, 
by  reason  of  the  inaccessibility  of  the  glacier ;  it  therefore  has  to 
be  determined  by  the  measurement  of  angles  from  a  fixed  base,  the 
sharp '  peaks  affording  good  points  for  observation.  My  measure- 
ments were  made  with  a  good  theodolite,  and  the  results  are  given 
in  the  following  Table  (p.  149). 

The  rate  of  motion,  where  the  glacier  borders  upon  the  moun- 
tain-side, was  measured  by  fixing  sharp  stones  into  the  side  of  the 
glacier,  and  by  laying  on  the  rock  clpse  to  the  glacier  similar  sharp 
stones,  so  that  the  sharp  points  of  the  stones  in  the  glacier  were  lying 
quite  near  the  points  of  the  stones  on  the  rock.  It  was  observed 
tiiat  the  rate  of  motion  close  to  the  border  of  the  glacier  was  not 
over  0-02  metre  per  day. 

These  numbers  show  that  the  Jakobshavn  glacier  flows  with  a 
velocity  greater  than  any  that  has  hitherto  been  observed  ♦.  This  is 
the  more  surprising  as  its  slope  is  only  half  a  degree.  The  measure- 
ments were  made  during  the  daytime  in  summer,  when  the  tempe- 
rature rose  at  noon  to  10°  C. ;  perhaps  the  motion  is  slower  on 
colder  days.     There  must,  however,  be  considerable  motion  during 

*  [The  mazimum  daily  ipotion  as  obeerred  by  ProfeBsop  Tyndall  on  the  Mer 
Be  Gkoe  (Chamouni)  was  331  inches  (0*85  metre).  This  was  in  the  month  of 
June.    See  '  Gladera  of  the  Alps,'  p.  280.— Ed.] 
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the  winter,  for  the  icebergs  ^'  calve  "  from  the  glacier  at  that  season 
also,  as  is  stated  by  the  Greenlanders,  in  so  doing  making  cracks  in 
the  winter  ice  of  the  i^ord. 

The  small  ice-Qords  of  Alangordlek  and  Sarkardlek  arc  situated 
in  two  branches  of  the  Tflsiassak,  but  are  connected  with  each  other 
by  a  glacier  called  Akuleakatua. 

The  general  appearance  of  this  resembles  that  of  the  glacier  of 
Jakobshayn ;  but  all  the  phenomena  are  on  a  small  scale  except  the 
moraines,  which  are  larger.  The  rate  of  motion  also  is  striJdngly 
small  compared  with  that  given  in  the  Table  above :  it  cannot  bo 
measured  accurately  in  a  short  time  owing  to  the  small  angular 
variation ;  but  the  glacier  of  Alangordlek  did  not  move  faster  than 
0'5  metre  a  day,  Akuleakatua  not  faster  than  0*4  metre  a  day. 

The  ice-fjord  of  Torsukatak  (69°  50'  N.  lat.,  according  to  Dr. 
Rink)  sends  its  bergs  out  through  the  Waigat ;  it  is  difficult  to  get  to 
the  glacier  in  summer,  but  I  succeeded  in  reaching  it  over  a  lake 
called  Taserssuak.  This  glacier  descends  in  four  arms  into  the  sea, 
being  divided  by  several  Nunatahs :  its  northern  arm  gives  rise  to 
great  bergs;  the  others  appear  to  produce  only  small  bergs  and 
"  calf-ice."  The  glacier  ends  in  a  level  vertical  wall  about  15  metres 
high,  and  is  about  9000  meties  broad.  The  fjord  just  below  is 
closely  filled  with  bergs  and  fragments  of  ice.  Prom  the  end  of  the 
glacier  to  a  place  where  the  Inland  Ice  covers  every  thing  is  but  a 
short  distance.  Stones  and  erratic  blocks  only  occur  near  the  edge 
of  the  glacier,  the  middle  and  most  crevassed  part  being  free  from 
boulders :  the  slope  of  its  surface  is  less  than  two  degrees ;  the  rate 
of  motion  was  measured  as  before,  and  the  results  are  given  below. 


The  Bate  of  Flow  of  the  QUcier  of  the  Fjord  of  Torsukatak. 


Day  and  Hour  when 
toe  rate  of  motion 
was  measured. 
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In  the  last  three  measurements  there  may  be  a  fault  of  1  metre, 
the  whole  variation  of  angles  being  only  7  minutes  during  21  hours. 
It  is  evident  from  the  Table  that  the  motion  of  the  glacier  is  in- 
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ereasmg  towards  the  central  parts.    The  rate  of  motion  is  only  half 
that  of  the  glacier  of  Jakobshavn. 

KangerdlngBSoak  Fjord,  situated  in  Umanak  district  at  aboat 
71®  15*  N.  lat.,  is  one  of  middle  size,  prodqping  bergs,  which,  how- 
ever, are  not  sufficiently  numerous  to  prevent  one  from  reaching  the 
glacier  in  a  boat.     The  scenery  on  the  way  is  very  fine,  the  moun- 
tains, as  already  mentioned,  rising  steeply  from  the  sea  to  a  height 
of  2000  metres.  Their  summits  are  often  divided  into  sharp  aiguilles, 
and  numerous  valleys  descend  between  the  peaks.    There  are  often 
glaciers  remanies;   some  descend  to  the  sea,  some  proi^ude  from 
gloomy  cirqnes,  the  steep  sides  of  which  effectually  protect  their 
snows  frt>m  the  effect  of  the  arctic  summer  sun.     It  is  hardly  pos« 
able  to  imagine  a  landscape  more  thickly  studded  with  glaciers  than 
this.    From  the  mouth  of  the  sound  between  Upemivik  Island  and 
the  mainland  to  the  base  of  the  Great  Glacier  descending  from  the 
Inland  Ice  at  the  end  of  Kangerdlugssuak  Fjord  is  a  long  day's  jour- 
ney, in  which  not  less  than  forty-seven  glaciers  are  passed.    The 
accompanying  map  (fig.  1,  p.  152),  though  only  sketched  in  vrithout 
measurements,  will  give  a  general  idea  of  the  configuration  of  the 
country  and  the  number  of  its  glaciers. 

Hie  mountains  in  this  §ord,  though  a  little  lower  than  those  in 
the  sound  by  Upemivik  Island,  descend  precipitously  to  the  water 
at  ang^  of  eighty  degrees  from  heights  of  full  1000  metres.  The 
glacier  at  the  head  terminates  as  usual  in  a  steep  waU  advancing 
into  the  Qord  with  a  convex  outline,  so  that  the  end  of  the  centr^ 
part  is  some  thousand  metres  in  advance  of  that  of  the  sides.  The 
only  landing-place  which  could  be  found  near  the  glacier  was  on 
ihe  moraine,  and  that  was  rendered  dangerous  by  the  "  calving  "  of 
the  ice. 

The  glacier  itself  is,  as  usual,  impassable  from  being  broken  into 
seraes  by  crevasses  (^g,  2) ;  the  moraine  here  rises  to  a  height  of  from 
1 5  to  20  metres,  and  its  summit  commands  a  very  peculiar  view.     Near 
both  sides  of  the  projecting  end  of  the  glacier  described  above,  two 
glaciers  remaniis  are  seen  high  up  on  the  mountain-side,  from  which 
ice  avalanches  are  discharged.     Down  the  jQord  is  a  view  of  the 
numerous  glaciers  that  have  been  passed  en  route^  and  looking  upward 
towards  the  Inland  Ice  the  moraine  can  be  traced  for  a  long  distance ; 
but  the  view  over  the  Inland  Ice  itself  is  partly  obstructed  by  three 
high  island-like  rock-masses  {Nunataks)  rising  above  the  glacier, 
between  which  branches  from  the  Inland  Ice  descend  to  form  the 
glacier  of  Kangerdlugssuak.     I  had  intended,  if  possible,  to  reach 
the  great  ice-^ord  of  Umiamako  from  this  place  by  ascending  the 
glacier  of  Kangerdlugssuak,  and  traversing  the  Inland  Ice  till  I 
reached  the  elevation  which   commands   a  view  over  Umiamako. 
Partly  on  the  moraine,  partly  on  the  glacier,  and  partly  along  its 
rocky  side  I  succeeded  in  advancing  about  one  geographical  mile. 
Here,  however*,  the  moraine  disappeared  *  as  the  crevassed  glacier 
came  close  up  again^  the  precipitous  mountain-side,  so  I  was  com- 
pelled to  turn  back  about  the  point  where  the  mountain-wall  bounding 
the  glacier  bends  northward.     It  might  be  possible  for  a  traveller, 
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properly  provided  with  European  attendantB,  a  ladder,  ropes,  &c., 
to  traverse  this  part  of  the  glacier ;  but  the  aDHsually  numerous 
crevasses  would  certainly  mcie  it  difficult.  Perhaps  it  would  be 
more  easy  to  pass  over  to  TJmiamako  by  the  dorth  side  of  Eangerd- 
Ingasuak,  though  the  steepness  of  the  ^ord  side  and  the  glaciers  in 
the  lateral  glens  would  make  the  excursion  toilsome. 

The  fact  that  though  the  climate  of  North  Greenlaud,  as  already 
mentioned,  is  rather  dry,  large  glaciers  are  numerous,  is  not  with- 
out gecdogical  importance,  as  showing  that  a  great  snowfall  is  not 
absolutely  necessary  for  the  glaciation  of  an  extensive  country.     It 
is  also  remarkable  that  the  glaciers  are  supplied  from  an  ice-field 
whidL,  to  a  lai^  extent  at  least,  lies  below  the  limit  of  perpetual  snow. 
No  doubt  there  is  always  a  difficulty  in  determining  this ;  for  ex- 
ample, in  the  district  of  Umanak  one  may  find  masses  of  snow  in 
summer  n^ir  the  sea,  as  in  the  island  of  Upemivik,  even  in  the 
middle  of  August;  but  I  ascended  over  the  shales  and  sandstones* 
to  a  height  of  750  feet  above  the  sea  without  meeting  with  snow. 
At  this  elevation  there  is  a  plateau  rising  up  to  890  metres,  yet 
this  is  only  dotted  over  with  some  patches  of  snow ;  so  that  in  this 
island  the  line  of  perpetual  snow  lies  above  890  metres.     In  the 
mountains  on  the  opposite  side  of  Umanak  Fjord,  east  of  Kelerting- 
uak  mountain,  masses  of  perpetual  snow  are  only  found  at  heights 
above  700  metres.    Above  ^e  glacier  of  Sermiarsut  the  limit  was 
970  metres,  between  the  glaciers  of  Assakak  and  Umiatorfik  800 
metres,  and  between  the  latter  and  the  glacier  of  Sorkak  760  metres. 
By  comparing  these  numbers  with  the  height  of  the  Inland  Ice 
where  it  has  been  measured,  we  see  that  the  limit  of  perpetual  snow 
on  the  outer  land  exceeds  it :  for  example,  at  Pakitsok  the  Inland 
lee  was  251  metres   above  the  sea,  and  Professor  Nordenskjold 
reached  an  elevation  of  690  metres ;  but  by  looking  at  the  bordering 
mountains   one  can  see,  without  measurements,  that   the   above 
statement  is  true.     It  is  therefore  doubtful  if  the  ice-sheet  and  the 
^aders  would  form  again  could  the  land  be  denuded  of  them  and 
left  to  the  influences  of  the  present  climate.     The  rate  of  flow, 
already  mentioned,  has  an  important  bearing  on  the  theory  of  glacier- 
motion.     As  the  slope  of  the  Jakobshavn  glacier,  which  has  the  extra- 
ordinarily rapid  motion  of  20  metres  per  diem,  is  only  half  a  degree, 
the  fall  of  the  bed  of  the  valley  cannot  be  the  most  important  factor 
in  the  motion  of  glaciers.     This  considerable  velocity  must  be  due 
to  the  quantity  of  ice  which  has  to  be  carried  out  to  the  §ord ;  or, 
in  other  words,  the  rate  of  motion  is  dependent  on  the  pressure  of 
the  mass  of  the  Inland  Ice.     Glaciers,  therefore,  fed  from  large 
districts   of   atmospheric    precipitation,   move    with    considerable 
velocity.     Notwithstanding  the  rate  of  fiow,  the  time  occupied  by 
Uie  passage  of  the  ice  from  the  interior  to  the  sea  must  be  long. 
At  the  Jakobshavn  glacier,  indeed,  four  years  would  be  required  to 
transport  a  mass  from  the  edge  of  the  Inland  Ice  to  the  sea,  a 
distance  of  21  kilometres ;  but  a  much  longer  period  would  be 
required  to  transport  to  the  sea  the  snow  which  faUs  on  the  interior 
*  These  contain  coal  and  foeail  plants. 
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of  the  ice-sheet  From  Kaiser  Franz- Josef  s  Fjord  on  the  east  ooast 
to  that  of  Upemiyik  on  the  west  is  a  distance  of  aboat  890  kilo- 
metres. If,  then,  a  mass  of  ioe,  starting  halfway,  moved  through  the 
whole  distance  to  Jakobshavn  glacier  at  the  rate  of  15  metres  a  day, 
29,666  days,  or  above  81  years,  would  elapse  before  it  reached  the 
igord  ;  and  it  is  not  at  all  improbable  that  the  Inland  Ice  would 
not  move  with  any  thing  like  the  velocity  of  the  glaciers. 

Many  Greenlanders  are  of  opinion  that  the  glaciers  are  steadily 
increasing.  Accordingly  Dr.  Rink,  in  his  excellent  work  on  Green- 
land, has  given  a  map  of  the  south  side  of  Umanak  Fjord,  showing 
the  extent  of  several  glaciers  in  the  year  1850,  and  recording  their 
exact  distance  from  the  sea  at  that  date.  1  visited  six  of  these,  and 
compared  their  distances  with  those  given  by  Dr.  Eink.  In  the 
case  of  three  I  observed  variations,  one  of  which  was  considerable. 

The  glacier  of  Assakak  is  recorded  by  Dr.  Eink  to  have  been, 
in  1850,  400  ells  (251  metres)  from  the  sea ;  in  1875  its  end  was 
so  covered  with  stones  that  in  some  places  we  could  not  decide 
-whether  we  were  standing  on  the  glacier  or  the  moraine ;  but  it 
was  nowhere  nearer  to  the  sea  than  500  metres,  so  that  in  25  years 
it  has  retreated  about  250  metres.  This  glacier  is  interesting  on 
account  of  the  fossil  stems  of  trees  which  it  brings  down.  I 
followed  them  as  they  lay  in  a  long  row  on  the  glacier  for  about 
one  geographical  mile  to  a  height  of  620  metres.  If  followed  further 
they  would,  I  think,  lead  to  a  site  rich  in  fossil  plants  in  the  inner 
part  of  the  Nugssuak  peninsula. 

The  glacier  of  Umiatorfik,  according  to  Dr.  Rink,  was  from  600 
to  800  ells  (372  to  502  metres)  from  the  sea ;  its  distance  in  1875 
was  322  metres,  so  that  this  one  seems  to  have  advanced. 

The  glacier  of  Sorkak  is  a  most  remarkable  example  of  variation 
in  a  comparatively  short  lapse  of  time.  Dr.  Rink  states  that  in  1850 
the  end  was  quite  concealed  by  gravel  and  stones,  and  the  ice  only 
showed  itself  several  hundred  ells  from  the  sea,  on  the  site  of  an  old 
homestead.  When  I  visited  this  glacier  in  1875  it  had  advanced 
out  into  the  sea  and  ended  in  an  ice- wall  about  25  metres  high. 
Near  to  its  extremity  it  seemed  to  be  about  double  that  thickness. 
Dr.  Rink  also  states  that  the  Greenlanders  told  him  that  this  glacier 
formerly  entered  the  sea  and  cracked  the  ice  of  the  Qord  when  it 
"  calved  "  in  winter ;  so  that  in  the  course  of  two  generations  this 
glacier  has  receded  and  advanced  several  hundred  ells ;  hence  along 
the  south  side  of  Umanak  Fj^^d  the  glaciers  do  not  prove  a  uniform 
increase  of  ice  in  North  Greenland. 

Icebergs  and  their  formation, — The  forms  of  icebergs  are  very 
variable ;  but  as  these  have  been  so  often  described  we  need  not 
enter  into  details.  Their  surface  is  usually  clean,  but  now  and 
then  one  is  seen  with  boulders  upon  it,  and  here  and  there  little 
bergs  occur  quite  covered  with  stones  and  gravel.  The  profile  of 
an  ice-fjord  (fig.  2,  p.  152)  will  illustrate  the  formation  of  bergs,  a 
process  which  has  been  often  explained,  and  so  need  not  detain  us. 
I  have  twice  witnessed  the  formation  of  a  berg — once  in  Jakobshavn 
Fjord,  once  in  Torsukatak  Fjord.  The  glacier  in  the  former  "  calved  '* 
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once  only  in  three  days.  The  *'  calving  "  was  accompanied  by  a  ter- 
rific crash,  and  by  white  donds  of  spray  (or  comminuted  ice?) 
hnrled  into  the  air.  Simultaneously  an  enormous  jagged  mass  of 
ice,  forming  part  of  i^e  terminal  wall  of  the  glacier,  was  seen  to 
turn  oyer,  bringing  its  edge,  as  it  rotated,  high  above  the  level  of 
the  glacier.  As  it  rose,  huge  towering  pinnacles  were  shattered, 
and  came  crashing  down  in  fragments,  Uke  a  shower  of  gravel.  The 
'^  calving,"  which  had  commenced  at  a  place  near  the  middle  of  the 
^oier,  was  continued  in  another.  A  second  large  mass  of  the  solid 
glacier  broke  loose,  and  at  first  moved  almost  horizontally,  at  the 
rate  of  perhaps  a  metre  in  a  second.  This,  like  the  glacier  itself, 
was  deft  into  ice  pinnacles,  and  the  one  group  in  moving  past  the 
other  produced  a  curious  effect.  How  many  bergs  were  produced  in 
this  *'  calving  "  I  cannot  say,  as  they  were  formed  simultaneously  in 
sevcnd  places ;  further,  white  douds  of  spray  partly  concealed  the 
glader,  and  the  old  bergs  in  front  of  it  were  set  in  motion ;  there 
was  an  indescribable  confusion  and  a  continuous  crashing  noise, 
which  lasted  for  about  half  an  hour,  then  things  became  once  more 
quiet.  The  height  of  one  of  the  bergs  formed  by  the  "  calving  " 
was  by  measurement  89  metres. 

In  order  to  estimate  the  quantity  of  ice  discharged  by  a  fjord,  we 
must  know  the  thickness,  breadth,  and  rate  of  motion  of  the  glader. 
The  first  cannot  be  directly  measured,  except  so  far  as  it  rises  above 
the  sea ;  but  if  we  know  the  proportional  parts  of  a  berg  above  and 
below  water,  we  can  form  an  idea  of  the  thickness  of  the  glader. 
Taking  the  specific  gravity  of  water  as  unity  and  that  of  ice  0*918 
(according  to  Brunner),  the  volume  above  the  water  is  0*082,  or 
about  one  twelfth  of  the  whole.  In  the  case  of  the  bergs,  however, 
there  is  not  so  much  submerged,  because  of  the  saltness  of  the  igord 
water  and  the  lower  specific  gravity  of  the  ice,  owing  to  the  included 
air-bubbles.  To  determine  this  specific  gravity,  I  took  five  pieces  of 
ice  from  the  bergs  and  put  them  into  water.  Into  this  I  continued 
to  pour  alcohol  until  three  of  the  pieces  sank,  the  others  still  float- 
ing, and  observed  the  specific  gravity  with  an  alcoholometer.  I 
then  placed  in  the  mixture  a  piece  of  solid  ice,  and  added  water 
until  it  would  ndther  sink  nor  rise.  The  difference  between  the 
spedfic  gravity  of  these  two  mixtures  is  about  equal  to  the  difference 
between  the  spedfic  gravities  of  the  ice  with  bubbles  and  the  solid 
ice*.  From  those  experiments  (on  ice  from  bergs  in  Disko  Bay)  I 
found  that  the  specific  gravity  of  the  bergs  is  decreased  by  0*032 
on  account  of  the  air-bubbles,  or  from  0*918  to  0*886.  The  spedfic 
gravity  of  the  water  in  the  ice-lQord  varies;  it  was  1*0228  in 
Jakobshavn  Fjord,  near  to  the  mouth  of  Tasiussak.  From  these  ex- 
periments it  results  that  0*86  of  a  berg  is  under,  and  0*14  is  above 

•  The  spedfic  ffrarity  of  the  ioe  when  it  neither  finks  nor  rises  is  not  exactly 
equal  to  tbe  specific  gravity  of  the  mixture ;  for  the  fragments  partly  dissolve  and 
are  sorraunded  h§  water,  and  so  gink  in  a  mixture  of  higher  spedfic  gravity  than 
that  of  the  ice  itself:  the  difference,  however,  between  the  specific  ^avity  of 
the  mixturce  is  nearly,  though  not  exactly,  equal  to  the  specinc  gravity  of  the 
ioe-pieces. 
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the  sea,  or  that  the  part  under  water  is  about  six  sevenths  of  the 
whole  mass. 

The  heights  of  several  bergs  were  measured.  Of  all  those  at  the 
mouth  of  Jakobshavn,  three  exceeded  83  metres,  the  loftiest  beings 
121  metres  (according  to  several  measurements  with  a  theodolite), 
the  highest  which  1  have  ever  seen.  1  estimate  the  quantity  of  ice 
above  the  sea  to  have  been  3,000,000  cubic  metres,  aud  the  whole 
mass  of  the  berg  21,000,000  cubic  metres.  The  depth  of  Jakobshavn 
Fjord,  where  the  Greenlanders  fish  for  halibut,  is,  judging  from  the 
length  of  their  lines,  about  390  metres.  Prom  these  numbers  we 
will  endeavour  to  estimate  the  quantity  of  ice  discharged  through 
the  Jakobshavn  Fjord.  According  to  some  measurements,  the  height 
of  the  glacier  above  the  sea,  where  it  "  calves,"  is  about  40  metres. 
Here,  then,  its  whole  thickness  must  be  at  least  seven  times  the 
above  height ;  for  if  it  were  floating,  and  so  less  thick,  there  would 
be  no  *'  calving : "  hence  the  thickness  of  the  glacier  must  be  here 
at  least  280  metres.  Its  mean  rate  of  motion  is  14*25  metres  a 
day.  The  breadth  of  the  Qord  is  4500  metres ;  its  sides  slope  at 
angles  of  20°,  so  its  transverse  section  is  a  little  more  than  1,000,000 
square  metres.  Hence  the  quantity  of  ice  passing  through  this 
daily  in  summer  is  about  16,000,000  cubic  metres.  In  like  manner 
we  find  that  the  quantity  of  ice  discharged  by  the  Torsukatak 
glacier  is  6,300,000  cubic  metres  a  day.  16,000,000  cubic  metres 
of  ice  represent  what  we  may  call  a  large  berg ;  so  we  see  that  the 
daily  discharge  through  the  fjord  of  Jakobshavn,  notwithstanding 
the  considerable  velocity  of  the  glacier,  is  only  equal  to  one  large 
berg  a  day.  This  may,  perhaps,  surprise  any  one  who  has  seen  on 
a  summer's  day  the  bergs  passing  in  great  numbers  out  of  the 
Jakobshavn  Fjord ;  but  it  must  be  remembered  that  all  the  bergs 
produced  during  the  long  winter  have  to  be  removed  during  the 
short  space  of  summer.  True,  indeed,  the  rate  of  flow  of  the  glacier 
is  probably  diminished  in  winter,  so  that  the  quantity  discharged 
on  a  summer's  day  does  not  enable  us  directly  to  calculate  that  of 
the  whole  year.  If  the  rate  of  flow  continued  uniform,  the  Jakobs- 
havn glacier  would  discharge  annually  5,800,000,000  cubic  metres ; 
the  Torsukatak  glacier  2,300,000,000  cubic  metres.  It  is  not,  how- 
ever, probable  that  the  quantity  actually  produced  would  be  so  little 
as  half  of  the  above,  for  this  would  require  the  glacier  to  be 
motionless  during  the  three  winter  months.  So  we  may  estimate 
the  quantity  of  ice  annually  discharged  from  the  Jakobshavn  Fjord 
to  be  between  2,900,000,000  and  5,800,000,000  cubic  metres, 
and  that  from  the  Torsukatak  Fjord  between  1,150,000,000  and 
2,600,000,000  cubic  metres.  Calculating  in  like  way  the  discharge 
of  the  smaller  fjords,  as,  for  example,  Alangordlek,  we  find  that  it 
hardly  produces  one  hundredth  part  of  that  from  Jakobshavn. 

Large  as  are  the  quantities  of  ice  thus  yearly  discharged  from  the 
^ords,  they  form  but  a  small  fraction  of  the  rain-  and  snowfall  of 
inner  Greenland,  the  greater  part  of  this  passing  away  in  rivers  be- 
neath the  glaciers.     Dr.  Bink*,  who  estimates  the  ice  yearly  dis- 

*  "Om  Yandets  Aflob  fra  del  indre  af  Gronland,*'  Naturhistorisk  Tidnkrift, 
3B.,i.  B. 
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chained  by  a  great  i^o^  a^  "  ^^^  or  several  thousand  million  cubic 
ells,"  states  that  this  amount  is  many  times  smaller  than  that  of 
the  rain  and  snow  which  falls  upon  the  interior  of  Greenland.  Even 
if ,  as  I  am  inclined  to  do,  we  read  cubic  metres  for  cubic  ells  in  the 
above,  BtQl  the  proportion  discharged  as  ice  will  be  much  smaller 
than  that  which  passes  out  as  water  beneath  the  glaciers. 

Or  ^  amount  of  mud  in  Rivers  issuing  from  Glaciers  in  Greenland 
and  Norway, — ^The  sea- water  of  the  fjords  into  which  glaciers  de- 
scend is  not  muddy ;  but  where  a  strip  of  shore  intervenes  between 
the  water  and  the  ice  a  muddy  river  is  seen  to  issue  from  the  glacier ; 
also  along  the  sides  of  the  glaciers  in  the  Qords  and  along  the  In- 
land Ice,  streams  thick  with  pulverized  rock  are  often  to  be  seen. 
The  rivers  which  discharge  themselves  into  the  Qords  under  the 
great  glaciers,  often  far  from  the  end  of  the  latter,  probably  deposit 
their  mud  at  the  bottom  of  the  sea  beneath  the  ice. 

The  quantity  of  mud  in  the  rivers  which  issue  from  the  glaciers 
in  Greenland  is  very  variable,  as  will  be  seen  from  the  following 
numbers  (these  in^cate  the  weight  of  mud  in  grams  in  1,000,000 
grams  of  water,  which  is  nearly  the  same  as  the  quantity  of  mud 
in  grama  contained  in  1  cubic  metre  of  water)  : — 

Oruns  of  mud 

in  1  cubic  metre 

of  water. 

BiTer  at  the  glacier  of  JakobehaTn 9th  of  July,  1875  ...  104 

Alangordlek 10th  of  July,     „  ...  2374 

„                „           Ilar^lek  17th  of  July,     „  ...  723 

„               „          Tuaparsuit  6th  of  Aug 678 

„                „          Ummtorflk  20th  of  Aug.     „  ...  75 

Afisakak    2l8t  of  Aug.     „  ...  208 

,,               „          Kangerdlugssuak  llthof  Aug.     „  ...  278 

The  last  four  glaciers  are  situated  in  the  district  of  Umanak. 

In  Norway  the  quantity  of  mud  in  the  rivers  issuing  from  under 
the  glaciers  descending  from  the  large  snow-and-ice  field  of  Juste- 
dalsbraeen  was  calculated  in  the  year  1874.  The  numbers  were 
as  follows : — 

Grama  of  mud 

in  1  cubic  metre 

of  water. 

Hie  weetern  rirer  of  the  glacier  of  Boium  23rd  of  June  ...  88 

The  same  river   80th  of  July  ...  309 

The  eaetem  river  of  the  glacier  of  Boium    23rd  of  June  ...  59 

TheaameriTer    SOthofJuly  ...159 

The  large  rirer  of  the  glacier  of  Suphelle   24th  of  June  ...  33 

The  same  river    30th  of  July  ...  113 

The  small  river  of  the  glacier  of  Suphelle  24th  of  June  ...  72 

The  small  river  of  the  glacier  of  Langedal  6th  of  July  . . .  513 

The  river  of  the  glacier  of  Austerdal  6th  of  July  ...  56 

The  river  of  the  glacier  of  Brixdal   16th  of  July  ...  77 

Mean  number 147*9 

It  is  obvious  that  even  the  quantity  of  mud  in  the  same  river  is 
very  variable. 

By  measuring  the  quantity  of  water  in  the  rivers,  I  calculated  the 
quantity  of  mud  carried  away  from  all  the  glaciers  descending  from 
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the  JustedalsbrsBon  (ooveiing  an  area  of  about  870  square  kilometres), 
and  found  it  to  be  about  2,000,000  kilograms  on  a  day  in  July.  By 
taking  account  of  the  snow  and  rainfall  of  the  above  district  I  esti- 
mated that  180,000,000  kilograms  of  mud  are  carried  away  annually ; 
this  quantity  is  equal  to  6900  cubic  metres  of  rock,  or  a  cube  whose 
side  is  41  metres. 

Extent  and  thickness  of  the  Glaciers  in  Greenland  and  Norway/ 
during  the  Glacial  Epoch, — It  is  obvious  that  the  glaciers  once  had 
a  wide  extension  over  the  Outer  Land  of  North  Greenland,  for  rocJies. 
moutonnles,  grooves,  moraines,  and  perched  blocks  arc  seen  in  places 
far  from  existing  glaciera.  In  the  Outer  Land  of  Greenland,  as  in 
Norway,  the  following  glacial  phenomena  are  common : — 

(1)  Boulders  are  widely  dispersed  both  on  higher  and  lower  levels 
in  the  two  countries ;  (2)  The  mountain-sides  are  grooved  and  polished 
as  they  now  are  along  the  glaciers  in  the  ice-Qords ;  (3)  Roches 
moutonnies  are  almost  universal  upon  the  Azoic  rocks  on  the  sides 
of  the  IQords  and  the  islands ;  (4)  Moraines  occur  in  places  not 
now  reached  by  glaciers ;  (5)  In  both  countries  sea-banks  lie  before 
the  deep  fjords,  representing  the  old  moraines  in  front  of  the  rock- 
basins  of  the  fjord.  To  these  we  may  add  (as  proved  in  the  sequel) : — 
(6)  Cirques,  partly  filled  with  glaciers,  partly  empty,  and  then 
covered  with  dih-is  of  a  moraine ;  (7)  Lakes,  iQords,  and  (partly) 
valleys,  with  correspondent  features  in  both  countries. 

The  boulders,  grooves,  and  roches  moutonnSes  show  the  former  ex- 
tent of  the  glaciers,  and  in  some  cases  enable  us  to  estimate  their 
thickness.  I  will  give  some  examples  from  North  Greenland.  On 
the  south  side  of  the  mouth  of  the  Jakobshavn  Fjord  deep  grooves 
are  conspicuous  between  the  roches  mouionnies^  which  show  that  the 
glacier  once  filled  the  Qord  to  the  mouth,  was  here  of  great  thick- 
ness, and  extended  further  out  into  Disko  Bay. 

Umanak  Island,  in  the  middle  of  the  fjord  of  the  same  name,  as 
already  mentioned,  rises  to  a  height  of  1163  metres.  The  gnoissic 
rocks  on  the  side  of  this  show  groovings  and  are  moutonnSes  every- 
where in  the  neighbourhood  of  the  colony,  and  erratic  blocks  abound. 
Hence  this  Qord  was  also  filled  by  an  enormous  glacier,  from  which 
perhaps  the  highest  parts  of  the  island  protruded  as  Nunataks. 
In  frt)nt  of  Umanak  Fjord,  near  the  sea,  is  an  island  called  by  the 
Danes  Ubekjendt  Eiland,  and  in  front  of  the  Waigat  is  the  island 
called  Hareoen.  These  I  have  not  visited ;  but  Giesccko  states  in  his 
diary*  that  on  the  former,  which  consists  of  basalt,  he  found  boulders 
from  the  Azoic  formation  which  he  could  not  discover  in  the  moun- 
tains. Hareoen  consists  of  basalt,  with  shales  and  sandstones  con- 
taining coal  and  fosdl  plants.  According  to  M.  Steenstrup  it  is 
1800  feet  high,  and  large  erratics  of  gneiss  are  extremely  abundant. 
These,  as  he  informs  me,  occur  up  to  the  very  summit  of  the  island  t. 
Hence  Waigat  Fjord  was  once  filled  with  a  glacier  whose  thickness 
(supposing  the  configuration  to  be  as  at  present)  was  at  least  equal 

*  Unprinted,  but  preserved  in  the  Uniyereity  Library  at  Copenhagen, 
t  "Cm  de  kulforende  Donnelaer  paa  Oon  Dieko,"  Meddolelser  fra  den  natur- 
historiake  Forening,  1874. 
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to  1800  feet  +  the  depth  of  the  Waigat,  whioh  is  unknown.  The 
ifletfl  also  near  the  eolonj  of  Egedeaminde  are  moutannees,  showing 
that  here  also  the  glaciers  oDce  reached  the  sea. 

In  Norway  I  have  investigated  more  closely  the  former  thickness 
of  the  glaciers,  estimating  ti^em  from  the  heights  at  which  I  found 
boolders,  grooves,  or  roehss  mouUmndes  on  isolated  mountains,  on 
islands  in  ^e  fjords,  and  along  the  sides  of  the  igords.  The  follow- 
ing are  the  results : — 

Yaraldso  is  an  island  in  the  middle  of  the  Hardanger  Fjord,  com*- 
posed  of  clay-mica-schists  and  some  other  slates.  The  depth  of  the 
i^ord  inside  this  is,  according  to  the  sear-charts,  631  metres.  I  found 
a  boulder  of  granite  8  metres  long  on  the  island  at  a  height  of  305 
metres.  In  the  northern  parts  there  are  grooves  at  a  height  of  457 
metres.  Eoehes  moutonrUa  and  grooves  are  seen  at  a  height  of  569 
metres,  which  to  the  eye  appears  only  a  few  metres  below  the 
highest  point  of  the  island. 

The  islands  of  Sulend  lie  before  the  mouth  of  the  Sogne  Fjord  and 
rise  to  a  height  of  500  metres.  The  soundings  of  the  Sogne  Fjord 
inside  them  are  the  deepest  known  in  Norway,  being  about  1200 
metres  over  an  extent  of  some  20  miles,  the  greatest  depth  being 
1244  metres.  The  Sulends  consist  of  a  conglomerate  resting  on 
day-mica-schists.  In  ascending  the  mountain  of  Pollei^eld  (their 
highest  summit)  I  found  boulders  of  foreign  rock  on  the  conglo- 
merate. The  greatest  height  at  which  these  occurred  was  511 
metres,  and  the  summit  of  PolleQeld  was  by  measurement  529  metres 
above  ^e  sea-level,  that  is,  only  18  metres  above  the  highest  boulders. 
Roches  mauUmnies  abound  in  these  islands ;  their  lower  parts  are 
formed  of  an  undulating  rock-surface,  and  the  sides  over  the  sounds 
are  steep  and  polished,  and  near  the  sea  not  rarely  grooved.  To 
these  observations  numbers  from  similar  localities  could  easily  be 
added ;  in  short,  the  islets  of  the  Skiirgard  along  the  Norwegian 
coast  ore  all  moutonnies  whenever  the  nature  of  the  rock  has  allowed 
tlus  form  to  be  preserved. 

Boehes  nuyuUmtUes  are  usually  found  along  the  sides  of  the  Qords, 
as  well  as  in  the  islands,  wherever  the  original  surfeu^e  is  un- 
weathered ;  this  may  be  readily  seen  in  travelling  along  the  Qord  at 
some  distance  from  the  land :  by  looking  seawards  (that  is,  in  the 
direction  in  which  the  glacier  moved)  the  characteristic  smooth 
undulated  outlines  of  the  back  of  the  ice-worn  rocks  wiU  be  at  once 
recognized ;  but  on  looking  up  the  i^ord  the  steeper  sides  of  the 
rocks  face  the  spectator,  rising  one  above  the  other  like  a  series  of 
steps.  This  structure  is  rendered  most  conspicuous  when  the  country 
is  covered  by  snow,  which  of  course  does  not  rest  on  the  steep  faces 
of  these  rocks.  In  the  Aurlands  Fjord  (a  branch  of  the  Sogne  Fjord) 
grooves  occur  at  391  metres  and  at  the  higher  level  of  606  metres 
above  the  water.  Roches  motUonnies  appear  to  continue  up  to  a 
height  of  668  metres.     The  depth  of  the  fjord  below  is  275  metres. 

Along  the  side  of  the  Siir  Ijord,  in  Hardanger,  Professor  Sexe  ♦ 
observed  groorings  471  metres  above  the  sea,  the  depth  below  being 
*  Marker  efter  en  Istid,  p.  6, 
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i^ords  up  the  valleys,  finds  the  heds  of  the  latter,  to  an  extent  Tary- 
ing  from  1  to  8  kilometres,  coTered  hy  loose  detritus  Ipng  in  tlie 
form  of  terraces,  one  above  the  other,  on  both  sides  of  the  river,  oon- 
sisting  of  boulders,  gravel,  sand,  and  sometimes  a  little  day.     After 
passing  this  tract  deep  lakes  are  met  with  in  many  places ;  and  before 
the  lower  end  of  these  the  loose  materials  are  often  arranged  in  s 
moraine,  which  runs  at  right  angles  to  the  longer  axis  of  the  lake. 
By  looking  at  the  section   (fig.  3)  of  the  terrace  and  moraine 
in  front  of  Lake  Sandvenvand  in  Odda,  in  Hardanger,  we  see  that 
immediately  about  the  end  of  tha  Qord  several  terraces  occnr  in 
quick  succession,  and  that  these  are  terminated  in  a  moraine  dam- 
ming up  the  lake,  which  is  so  deep  that  its  bottom  is  below  ihe  sea- 
level.     The  terraces  in  advance  of  the  lakes  in  the  ijord-valleys  of 
Western  Norway  never  attain  an  elevation  of  much  more  than  100 
metres  above  the  sea,  and  the  height  of  these  lakes  is  always  less 
than  100  metres.     If  we  proceed  to  the  upper  end  of  the  lakes  ter- 
races are  sometimes  found  there  also.     The  same  features  (terraces 
in  advance  of  lakes)  are  also  found  in  South-eastern  Norway,  in 
front  of  the  largest  lakes  in  Norway.     Also  both  east  and  west  of 
Christiania  Fjord  the  same  relations  between  rows  of  moraines  and 
rows  of  lakes  are  found  to  exist.     I  have  visited  and  sounded  more 
than  thirty-eight  lakes  with  moraines  and  terraces  in  front  of  them, 
and  in  most  of  them  can  directly  demonstrate  that,  although  dammed 
up  by  the  moraines  and  terraces,  they  are  also  true  rock-basins ;  and  I 
have  only  some  doubt  in  this  respect  in  the  case  of  a  few  small  lakes. 
It  would  be  tedious  to  describe  all  these  lakes  with  their  moraines 
and  terraces,  because  it  would  be  a  repetition  of  the  same  thing  in 
substance  with  slight  variations  in  detail ;  so  I  will  confine  myself 
to  a  few  instances.     In  the  case  of  Lake  Sandvenvand.  already  men- 
tioned, the  section  (fig.  3)  gives  the  height  of  the  terraces  and  of  the 
moraine  directly  in  front  of  it.     No  rock  is  visible  between  the  lake 
and  the  sea,  the  terraces  covering  the  whole  valley ;  the  bed  of  the 
lake  as  shown  in  the  section  is  30  metres  below  the  sea-leyeL 
Near    Lake  Oifjordvand,  also  in  Hardanger  (fig.   4),   there  is  a 
series  of  terraces,  the  highest  of  which  is  situated  immediately 
in  front  of  the  lake,  without  any  moraine ;  near  to  where  the  river 
issues  from  the  lake  the  solid  rock  protrudes,  being  here  covered  with 
groovings.     Thus  the  lake  is  a  true  rock-basin.    The  deepest  lake 
in  Norway  which  has  been  sounded  is  Horningdalsvand,  in  Nord- 
fjord  (^,  5).    The  solid  rock  is  seen  near  the  lake  and  the  terraces. 
A  comparison  of  the  measurements  of  the  highest  terraces  before 
the  lakes  will  show  that  these  vary  to  no  small  amount.     The  high- 
est terrace  before  the  Homingdedsvand  is  only  71  metres,  while 
that  before  Lake  Yasbygdvand,  in  Sogn,  is  108  metres,  and   the 
highest  terraces  before  the  lakes  in  South-eastern  Norway  extend 
up  to  200  metres.     As  many  of  them  contain  marine  fossils,  Chey 
have  evidently  been  formed  under  the  sea,  and  the  horizontal  sur- 
face of  the  highest  shows  the  level  of  the  sea  during  their  formation. 
How  are  we  to  explain  the  fact  that  these  terraces,  though  repre- 
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senting  the  level  of  the  sea  at  the  end  of  the  Glacial  epoch,  have 
not  the  same  height?  '  We  most  not  conclude  that  the  land  in 
Western  Norway  has  risen  only  ahout  100  metres  since  the  end  of 
the  Glacial  epoch,  but  in  Eastern  Norway  200  metres.    A  compari- 
son of  the  present  glaciation  of  Greenland  with  that  of  Norway  wiU 
show  that  thiA  difference  in  the  heights  of  the  uppermost  terraoea 
may  be  occasioned  in  another  way.    Terraces  are  found  in  Green- 
•  land  also  at  the  mouth  of  rivers ;  for  example,  there  is  a  terrace 
with  marine  fossils  near  Claushavn,  in  Disko  Bay ;  its  height,  how- 
ever, is  only  30  metres.    Thus  the  level  of  Greenland  was  once  30 
metres  below  the  present  one.     We  should  then  expect  to  meet 
with  a  terrace  of  tiiis  elevation  in  many  places  in  the  i^ords ;  but 
instead  of  this  we  find  them  filled  with  ice,  which  has  prevented  the 
formation  of  terraces.     Wherever  a  river  issuing  from  a  glacier  is  now 
depositing  the  mud  at  its  mouth  a  terrace  is  being  formed  at  the 
present  sea-leveL     Suppose,  then,  that  North  Greenland  were  to  rise 
20  metres ;  the  terrace  at  Claushavn  would  be  50  metres  high,  and 
those  now  formed  at  the  mouth  of  the  rivers  would  be  20  metres 
high,  while  in  the  ice-fjords  there  would  be  none.     Thus  a  diffe- 
rence in  the  heights  of  the  uppermost  terraces  does  not  necessarily 
indicate  that  the  amount  of  rise  in  the  land  has  been  different  in 
different  places.    The  reason,  then,  that  the  terraces  in  Eastern  Nor- 
way overtop  those  in  the  western  fjords  by  100  metres  may  be  that 
the  glaciers  in  the  fjords  of  the  latter  prevented  terraces  being  formed 
when  the  land  was  200  metres  lower  than  at  present ;  only  when 
it  had  risen  about  100  metres  had  the  glaciers  retreated  sufficiently 
to  allow  terraces  to  be  formed  in  the  Qord-valleys ;  in  these  the 
glaciers  retired  at  different  times,  and  the  lowest  terraces  are  found 
in  the  valleys  fixmi  which  the  glaciers  last  retired.     Looking  at  the 
section  of  Lake  OiQordvand  (fig.  4)  the  question  naturally  arises 
with  regard  to  the  terraces  at  the  lower  end  of  the  lakes,  how,  if 
they  are  formed  by  the  rivers  from  the  loose  detritus  brought  down 
the  valleys,   has   this  been  transported   across  the   lake?      This 
has  been  explained  by  Professor  Sexe*.     The  highest  terrace  in 
front  of  the  lake  clearly  cannot  have  been  formed  when  a  thick 
glacier  passed  put  into  the  Qord,  nor  can  it  have  been  formed  when 
the  glacier  had  retired  from  the  lake ;  for  then  the  detritus  would 
have  filled  up  the  basin.     The  terraces  therefore  must  have  been 
formed  when  the  glacier  just  reached  the  end  of  the  lake.    This  is 
evident  from  the  fact  that  where  detritus  in  front  of  a  lake  is  more 
than  100  metres  above  the  sea  (t.  e.  higher  than  its  former  level)  it 
occurs  not  as  a  terrace,  but  as  a  moraine.     The  geological  structure 
of  the  highest  terraces  is  the  same  as  that  of  the  moraines ;  they  are 
therefore  only  moraines  made  level  by  the  waves  of  the  sea. 

*  Marker  efter  en  Iftid.  « 
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Litl  of  Lake$  in  the  fjord-vaXUyM  with  Terraee$  and  Moraine$  in 
froiU  of  them. 
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HomingdAbTand 
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2 

3 

4 
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1-8 

6 

1 


kilo-     kilo- 
metres, metres. 
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3 
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3 
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23 

23 

8 

12 

4 

'13 

7 

3 

4 

2 
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metres. 
54 
56 
25 

5 
88 
90 
53 
37 
29 
17 
53 

3 


metres. 

486 

273 

198 

186 

133 

120 

104 

90 

86 

75 

67 

34 


metres. 
432 
217 
173 
181 

45 

30 

51 

53 

57 

58 

14 

31 


mettes. 

71  T. 

71  T. 

? 

40  T. 
? 

136  M. 
8811 
05  M. 

41  T. 

107  T. 

108  T. 
24  T. 


The  question  of  tiie  maimer  of  formation  of  these  lakes  remains. 
From  the  numbers  above  we  see  that  there  is  a  remarkable  sym- 
metry in  the  occurrence  of  these  lakes.  The  distance  from  the  sea 
Taries  from  1  to  7*5  kilometres ;  no  lake  has  a  greater  height  than 
90  metres,  and  they  have  near  their  lower  end  a  moraine  or  a  ter- 
race. The  bottoms  of  all  the  lakes  are  lower  than  the  level  of  the 
aea.  Nine  of  them  can  be  directly  demonstrated  to  be  rock-basins ; 
near  three  of  them  the  loose  detritus  of  the  terraces  conceals  the 
rock  in  front  of  the  lakes. 

Sui^Kmng  these  lakes  to  have  existed  before  the  Glacial  epoch, 
we  must  assume  them  to  have  been  accidentally  formed  symmetrically 
in  all  these  j^ord- valleys  by  forces  for  which  we  cannot  account ; 
forther,  we  must  assume  that  the  forces  which  impel  glaciers  down 
the  valley  were  in  all  these  places  accidentally  strong  enough  to 
bring  the  glaciers  to  the  lower  end  of  the  lake.  But,  on  the  con- 
trary, by  regarding  them  as  having  been  excavated  by  the  glaciers 
dnrmg  Use  Glacial  epoch,  we  can  explain  their  mode  of  occurrence 
and  their  symmetry.  The  lakes,  that  is  the  rock-basins,  end  dose 
to  the  moraines,  because  the  situation  of  their  valleys  with  regard  to 
the  mountain-region  supplying  the  glaciers  ii  a  symmetriciJ  one ; 
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but  as  this  situation  is  not  absolutely  the  same  in  all  ralleys,  we 
find  some  difference  in  their  distances  from  the  sea.  Further,  it  is 
eyident  that  the  glaciers  had  retired  from  many  Qord-valleys  dis- 
tant from  the  mountain-region  by  the  end  of  the  Glacial  epoch  ; 
and  in  these  we  only  find  terraces,  not  lakes  and  moraines,  near  the 
sea.  On  the  other  hand,  in  some  valleys  the  glaciers  went  further 
out  into  the  fjords,  and  deposited  their  moraine  on  the  bottom  of  the 
sea,  80  that  the  lake-basins  are  now  parts  of  the  i^ord  itself  and 
have  no  separate  existence. 

We  can  constantly  explain  the  Qlacial  phenomena  of  Norway  by 
reference  to  Greenland.  The  ioe  in  the  lettter  country  is  not  now 
at  its  greatest  extent ;  so  that  Greenland  at  present  affords  us  a 
picture  of  Norway  about  the  end  of  the  Qlacial  epoch,  when  the 
glaciers  in  some  cases  extended  out  into  the  i^ords,  in  others  formed 
the  lakes  mentioned  aboTe.  So  that,  according  to  our  theory,  lake- 
basins  must  exist  in  many  places  under  the  glaciers  in  the  ice-Qords 
of  Greenland,  if  only  the  latter  have  been  for  a  sufficient  time  in 
their  present  position.  It  is,  of  course,  very  difficult,  if  not  impos- 
sible, to  observe  these  basins ;  but  I  can  bring  an  instance  from  near 
the  ice-Qord  of  Torsukatak,  which  makes  it  probable Jbhat  such  basins 
exist,  and  will  appear  when  the  glaciers  retreat.  The  glacier  in  the 
above  Qord  descends  into  the  sea  in  four  arms.  The  northern  of 
these  is  separated  by  a  mountain-range  from  a  valley  which  lies 
symmetrically  with  them.  In  this  there  is  at  the  pres^it  time  no 
glacier ;  but  a  lake  begins  near  the  sea  called  Amitsok,  at  the  side 
of  which  are  the  remains  of  a  lateral  moraine,  like  those  met  with 
along  the  glaciers  of  the  ice-Qords.  This  moraine  shows  that  the 
valley  has  once  formed  a  fifth  arm  of  the  glacier,  which  has  now 
disappeared,  leaving  a  lake  in  its  track.  This  lake  is  about  20 
metres  above  the  sea,  and  less  than  a  kilometre  from  it.  I  do  not 
know  its  exact  length,  but  think  it  is  more  than  7  kilometres. 

To  return  to  Norway.  The  mode  of  occurrence  oi  many  lakes  in 
South-eastern  Norway,  if  possible,  still  better  illustrates  their  for- 
mation. On  the  east  side  of  the  Christiania  Fjord,  from  Moss  to 
Frednkshald,  and  on  the  opposite  side  from  Horten  to  Laurveg,  lie 
two  rows  of  moraines ;  these  indicate  a  limit  of  the  gladation  of 
Norway.  While  moraines  in  the  narrow  i^ords  in  different  vallejB 
are  quite  separated  by  high  mountain-ranges,  here,  where  the 
ground  is  lower,  they  can  be  followed  continuously  over  long  dis- 
tances. Thus  the  rows  of  moraines  extend,  with  some  interruptions, 
for  a  length  of  60  kilometres  on  both  sides  of  the  Christiania  Fjord. 
Behind  these  are  sixteen  lakes,  ten  on  the  east  and  six  on  the  west 
side  of  the  Qord,  lying  on  the  line  of  the  long  moraines.  I  have 
visited  all,  and  oan  directly  demonstrate  that  most  of  them  are  true 
rock-basins.  If,  then,  they  are  older  than  the  Glacial  epoch,  it  is  a 
strange  thing  that  the  ends  of  all  lie  in  the  lines  of  the  moraine,  that 
the  glacier  advanced  just  as  for  as  their  southern  ends,  and  that 
their  longer  axes  are  perpendicular  to  the  line  of  the  moraine.  The 
phenomena  are  so  regular  that  one  might  suppose  that  Professor 
Ramsay  had  propounded  his  theory  of  the  Glacial  formation  of  lakes 
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with  special  referenoe  to  these ;  this  theory  elucidates  the  whole. 
The  moraines,  which  are  terminal,  indicate  the  limit  to  which  the 
^e  glacier  has  advanced  daring  some  period  of  the  Glacial  epoch  ; 
^le  lakes  occur  along  this  line  hecause  they  have  heen  made  hy  the 
^Uuders. 

The  occurrence  of  these  lakes  hehind  the  moraines  is  so  r^^ular 
that  many  years  ago  Professor  Keilhan,  who  had  no  idea  that  the 
banks  in  front  of  them  were  moraines,  or  their  hasins  formed  by 
^aciersy  expressly  stated  that  this  regularity  was  too  marked  to  be 
acddentaL  The  above  relation  between  lakes  and  rows  of  moraines 
is  repeated  several  times  in  Norway.  Different  rows  of  moraines 
and  lakes  there  belong  to  different  extensions  of  the  glaciers :  for 
example,  from  30  to  40  kilometres  to  the  north  of  the  aforesaid  first 
row  of  lakes  there  is,  near  the  town  of  Drobak,  another  series  of 
lakes  and  moraines.  Further  to  the  north  is  found  a  third  series ; 
bat  the  largest  lakes  in  Norway  occur  in  the  fourth  row,  whicli 
indudes  the  lakes  of  Mjosen,  Eands^ord,  Bpirillen,  Kroderen,  and 
Soneren.  In  front  of  these  lakes,  which  are  situated  in  valleys,  the 
loose  detritus  takes  the  form  of  terraces,  like  those  mentioned  above 
in  front  of  the  lakes  in  the  ^ord-valleys  of  Western  Norway. 

The  heights  and  depths  of  the  above  lakes  a^  given  in  the  follow- 
ing Table:— 


KameofUwlake. 
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J5 
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II 
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Hjoaen  .... 
BandtjQord 
Bpinllen 
KrocLeron  . 
Soneren.... 


kilo- 
metres. 
99 

73 

25 

39 

10 


kUo- 

metres. 

364 

131 

35 


metres. 
121 
132 
151 
132 
118 


metres. 

452 

108 

108 

31 

40 


metres. 
195 
200 
200 
190 


When  the  first-mentioned  row  of  moraines  and  lakes  was  formed 
the  ice-masses  were  yet  continuous.  For  this  reason  the  configura- 
tion of  the  country  here  is  without  strongly  marked  valleys,  and  the 
moraine  is,  on  the  whole,  continuous.  When  the  last  row  of  large 
lakes  was  formed,  the  ice-sheet  had  separated  itself  into  distinct 
glaciers,  owing  to  which  the  detritus  in  front  of  the  lake  cannot  be 
followed  from  the  end  of  one  lake  to  another. 

From  these  observations  it  results  that  about  fifty  lakes  or  rock^ 
basins,  among  which  are  some  of  the  largest  in  Norway,  have  mo- 
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rallies  and  terraces  in  front  of  their  lower  ends.  These,  in  Soath- 
eastern  Norway,  lie  in  four  parallel  rows,  following  the  limits  of  the 
ice-masses  indicated  by  the  moraines. 

Many  lakes  occur  in  Norway  without  moraines  at  the  lower  end. 
The  theory,  however,  does  not  require  that  all  lakes  should  have 
moraines  in  front  of  them;  for  the  motion  of  ice-masses  over  an 
undulating  surface  formed  lakes  in  every  place  where  their  power 
was  for  some  reason  or  other  increased.  The  above-mentioned 
instances  are  those  where  the  phenomena  are  dearest. 

lite  Fjords,  Fjord-valleys,  Lakes,  and  Sea-banks  of  Greenland 
and  Norway. — It  is  weU  known  that  certain  districta  in  northern 
and  southern  latitudes  abound  in  fjords  and  lakes ;  and,  further, 
that  this  abundance  is  not  absolutely  dependent  on  these  districts 
being  situated  in  Tugh  latitudes,  but  that  Qords  and  lakes  occur  in 
all  countries  once  covered  by  glaciers. 

Thus  there  are  many  lakes  in  Switzerland,  though  it  is  south  of 
the  general  zone  of  lakes  and  Qords  in  Europe.  This  intimate 
connexion  between  igords,  lakes,  and  the  old  glaciation,  first  ex- 
plained by  Professor  Dana  and  Professor  Eamsay,  led  me  to  a  closer 
examination  of  the  Qords  and  lakes  in  Norway  and  Greenland, 
some  of  the  results  of  which  are  given  above  The  Qords  are  usually 
regarded  as  valleys,  or  as  parts  of  valleys,  filled  by  the  sea ;  so  that 
if  the  land  rose,  the  fjord  would  be  converted  into  a  valley. 

This  view  is  not  quite  correct.  All  strongly  marked  igords  are 
not  only  valleys  filled  by  the  sea,  but  abo  lake-basins.  This  could 
be  demonstrated  by  many  instances  from  Norway ;  but  I  will  here 
confine  myself  to  one.  The  Hardanger  Fjord,  in  the  inner  part, 
gives  soundings  up  to  800  metres ;  the  depth  of  the  sea  at  its  mouth 
does  not  exceed  350  metres.  Hence,  if  the  land  rose  this  much,  the 
Qord  would  become  a  lake  450  metres  deep.  If  Norway  and  the 
bottom  of  the  German  Ocean  were  elevated  together,  its  Qords  on 
the  whole  would  become  long  and  deep  lakes.  That  the  same 
would  happen  with  the  Greenland  i^ords  is  shown  further  on. 
Thus  the  Qords  and  the  lakes  are  formed  in  the  same  way. 

We  will  endeavour  to  follow  the  theory  of  the  glacial  formation 
of  igords  and  lakes  to  its  consequences,  constantly  using  the  ob- 
servations to  verify  the  deductions.  If,  during  a  certain  geological 
period,  large  portions  of  the  land  were  covered  with  glaciers,  and  the 
^ords  were  formed  by  these,  and  could  only  be  formed  by  these, 
then  i^ords  must  be  confined  to  such  portions  of  the  land  as  were 
once  covered  by  glaciers.  Professor  Dana  has  shown  that  this  is  the 
case ;  and  Professor  Bamsay  has  further  shown  that  there  is  an 
intimate  connexion  between  the  occurrence  of  lakes  and  old  glacia- 
tion. The  Qords,  if  formed  by  glaciers,  must  not  be  confibaed  to 
certain  rocks,  but  must  traverse  all  deposits  older  than  the  Glacial 
epoch.  Even  a  rapid  journey  along  a  fjord,  for  example  the  Sogne 
and  its  branches,  or  a  ^nce  at  the  geological  maps  of  countries  with 
^ords  will  prove  that  ^ords  and  lakes  are,  on  the  whole,  independent 
of  the  rocks  in  which  they  occur.  The  inner  branches  of  the  Sogne 
Fjord,   as  the  Lyster  Fjord,  are  surrounded  by  day-slates  and 
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qiuurtzoee  slates ;  farther  down  there  is  gneiss  and  gahbro ;  then  at 
the  month  a  conglomerate.  The  Qords  in  Oreenland  cut  throngh 
both  the  basalt  and  the  Azoic  rocks.  The  large  Waigat  Fjord, 
which  is  a  continuation  of  the  present  ice-Qord  of  Torsukatak,  is 
ionoonded  by  rocks  of  Cretaceous  and  Miocene  age,  which  are  capped 
bf  an  enormous  sheet  of  basalt ;  and  the  structure  of  the  two  sides 
of  the  Qord  is  symmetricaL  Thus  the  erosion  of  the  Qord  must  be 
posterior  to  the  Miocene  period ;  for,  at  Atanekerdluk,  on  the  very 
side  of  the  Qord,  occur  the  well-known  Miocene  fossils  ;  and  as  the 
great  ejections  of  basalt  are  still  later  than  these,  but  older  than  the 
i^ords,  the  latter  must  be  of  very  recent  date. 

Fjords  are  always  numerous  along  the  same  coast-line.  This 
might  be  deduced  from  the  theory  of  their  glacial  formation.  A 
great  ice-sheet  covering  the  interior  of  Norway  or  Greenlani 
could  not  discharge  its  ice  by  one  or  a  few  glaciers  only,  but  would 
require  many  of  tiiese,  and  along  the  whole  coast-line.  Hence  the 
Q<«d8  are  numerous  along  the  coast,  and  so  also  are  the  lakes.  The 
gladers  which  formed  them  must  have  been  thick  enough  to  reach 
the  bottoms  of  the  lakes  and,  unless  the  land  lay  higher  than  now, 
the  bottoms  of  the  fjords  as  well ;  that  this  was  the  case  has  already 
been  shown.  If,  then,  the  glaciers  during  the  Glacial  epoch  were 
able  to  form  fjords  and  lakes,  those  which  now  exist  must  also  be 
able  to  seoop  out  the  ground  beneath  them  ;  and  if  they  have  been 
at  work  long  enough,  the  depressions  formed  by  them  must  be  found. 
We  have  aJready  pointed  out  that  cirques  occur  near  modem 
^aders,  being  recesses  formed  by  them.  As  Qords  and  lakes  are 
only  assodated  with  the  old  glaciers,  so  the  cirques  are  confined  to 
small  isolated  modem  glaciers.  When  we  regsurd  the  great  effects 
produced  by  these  small  glaciers,  the  enormous  erosion  of  these 
ancient  and  thick  glaciers  becomes  less  surprising.  The  Norway 
Naders  proceeded  from  an  extensive  inland  ice-sheet ;  if,  then,  the 
valleys  and  the  fjords  result  from  the  erosion  of  ice  or  of  water,  it 
IbUows  that  they  must  start  from  the  highest  part  of  the  country, 
and  on  the  whole  increase  in  breadth  and  depth  in  proportion  to  the 
increase  of  the  glaciers ;  that  is,  we  must  be  able  to  trace  up  a  Qord 
through  branoh-Qords,  Qord- valleys,  and  branch-valleys  to  remote 
^ens  in  the  mountains.  The  Norway  fjords  can  be  shown  by 
numerous  examples  to  satisfy  this  requirement.  The  Sogne  Fjord  is 
an  excellent  instance ;  it  branches  off,  as  may  be  easily  seen,  into 
six  large  tributary  Qords,  every  one  of  which  is  continued  by  a 
Qord-valley;  this  is  formed  by  other  valleys  into  which  little 
tributary  glens  debouch.  Further,  if  these  ^ords  and  valleys  are 
formed  by  the  erosion  of  ice  or  water,  their  breadth  and  depth  must 
be  in  proportion  to  the  districts  which  once  fed  their  glaciers  and 
now  feed  their  rivers.  On  comparing  the  limits  of  different  fjords 
and  valleys  along  the  watershed,  it  ia,  on  the  whole,  remarkable 
bow  their  dimensions  show  a  dependence  on  their  districts  of  rain- 
&11.  As  these  increase,  so  do  the  Qord-valleys.  I  do  not  mean, 
indeed,  that  the  area  of  a  transverse  section  through  a  valley  can  be 
connected  by  an  empirical  formula  with  the  area  of  the  district ;  for 
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other  forces  beside  the  qaantity  of  ice  and  water  have  determined 
the  depth  reached  by  erosion ;  but  generally  it  may  be  said  that 
Talleys  draining  large  districts  of  ramfall  have  a  large  transverse 
section.  If  a  glacier  fills  a  tributary  valley,  and  is  thinner  than 
that  in  the  main  valley,  the  depth  to  which  it  erodes  its  bed  must 
be  less  than  the  depth  of  the  main  valley.  Hence  many  tributary 
valleys  must  debouch  high  above  the  bottom  of  the  main  valley. 
Instances  abound  of  tributary  valleys  debouching  thousands  of  feet 
above  the  beds  of  the  main  valleys,  along  the  steep  sides  of  the 
igords  of  Western  Norway.  As  mentioned  above,  we  are  unable  to 
d^aw  an  exact  line  between  the  work  of  rivers  before  the  Glacial 
epoch  and  that  of  glaciers  during  it. 

The  following,  then,  is  the  history  of  the  configuration  of  Norway. 
The  land  is  formed  of  rocks  different  in  composition  and  origin,  for 
which  reason  the  country  from  the  first  has  had  a  very  imeven 
surface.  On  this  thousands  of  riUs  and  rivers  b^;an  their  work,  and 
previous  to  the  Glacial  epoch  eroded  valleys  more  or  less  deep  and 
broad.  During  it  the  glaciers  followed,  on  the  whole,  the  course  of 
these,  enlarging  and  shaping  them,  and  excavating  the  Qords 
and  lakes. 

The  occurrence  of  many  large  deep  Qords  in  Western  Norway  is 
a  consequence  of  their  glacial  formation  and  of  the  climate  of  the 
country ;  for  on  the  west  coast  the  rain-  and  snow-fall  is  very  con- 
siderable, and  the  land  slopes  rapidly  to  the  sea.  Hence  the  thick- 
ness and  velocity  of  the  glaciers  were  probably  very  considerable 
here.  Further,  they  seem  to  have  remained  longer  on  the  west 
coast.  If  the  ijords  and  lakes  of  Norway  are  formed  by  glacier- 
erosion  they  must  be  confiDed  within  the  limit  of  glaciers.  Ab 
these,  however,  once  extended  over  the  whole  country,  it  has 
everywhere  igords  and  lakes.  If  at  the  end  of  the  Glacial  epoch 
the  glaciers  halted  for  long  intervals  at  various  places,  we  ought  to 
find  marks  of  erosion  corresponding  with  these  limits.  We  have 
already  shown  that  we  do  so  find  them.  When  thick  glaciers  descen- 
ded into  the  Qords  and  constantly  deepened  their  beds,  very  peculiar 
relations  of  depth  would  be  caused  in  the  fjords.  The  glacier  of 
the  main  i^ord  was  constantly  increased  on  its  way  by  supply  from 
tributary  Qords,  in  consequence  of  which  the  depth  or  breadth  of 
the  ijord  must  have  been  increased.  As  the  glacier  proceeded  further 
down  the  fjord  the  loss  from  melting  would  exceed  the  supply  from 
the  sides ;  and  thus  its  erosive  power,  and  consequently  the  depth  of 
the  i^ord,  would  decrease ;  but  while  the  glaciers  deepened  the  bottom 
of  the  ijords,  the  depth  of  the  sea  in  front  of  them  would  be  dimi- 
nished, as  all  the  detritus  would  be  deposited  there. 

Our  theory,  then,  requires : — (1)  the  depths  in  the  ijords  should  be 
greater  than  in  the  sea ;  (2)  the  depth  of  the  ^ord  should  increase 
towards  the  inner  part  and  decrease  towards  the  mouth;  (3)  great 
masses  of  boulders,  gravel,  and  mud  should  be  found  in  the  sea  in  frt>nt 
of  the  igords.  These  requirements  are  satisfied  by  the  observed  facts. 
It  is  well  known  that  great  depths  occur  in  the  Norwegian  fjords. 
While  soundings  of  from  400  to  500  metres  are  very  frequent  in  the 
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Qords,  a  depth  of  200  metres  is  found  at  some  distance  from  the 
diore ;  and  in  the  Grerman  Ocean  soundings  of  more  than  100  metres 
are  very  rare.  A  few  examples  from  the  largest  Qords  of  Norway 
will  suffice  to  prove  this.  The  depth  of  the  Bogne  Pjord  in  the  inner 
part  increases  to  1244  metres ;  at  its  moutii,  where  it  joins  the  sea, 
this  has  decreased  to  158  metres.  The  depth  of  the  sea  100  kilo- 
metres from  land  is  124  metres.  The  greatest  depth  of  ihe  Har- 
danger  Fjord  is  800  metres,  while  the  depth  of  the  sea  100  kilo- 
metres ^m  land  is  150  metres.  The  greatest  depth  of  the  Nord 
fjord  is  565  metres,  while  at  the  above  distance  from  land  the  sea 
is  also  150  metres  deep.  In  the  tributary  Qords  of  the  Stor  Fjord 
the  depth  amounts  to  721  metres,  while  the  sea  50  kilometres  from 
the  mouth  is  only  100  metres  deep.  Some  fjords  along  the  coast  of 
Romsdalen  are  continued  for  several  miles  out  to  sea  as  strongly 
marked  deeps,  much  shallower,  however,  than  in  the  inner  parts ; 
and  in  front  of  these  large  quantities  of  stones  and  sand  extend,  the 
edge  of  which  is  well  known  to  fishermen  by  the  name  Storeggen 
(the  large  edge).  With  a  view  of  examining  the  sea-bottom  along 
the  Norwegian  coast,  I  made  a  survey  opposite  to  the  mouths  of  the 
Qords,  and  dredged  up  stones.  At  the  mouths  of  those  which  I  ex- 
amined I  found  a  great  quantity  of  stones  of  different  kinds  mixed 
with  clay,  such  as  varieties  of  granites,  gneiss,  quartzose-slates,  clay- 
slates,  mica-schists — rocks,  on  the  whole,  weU  known  as  constituting 
the  sides  of  the  igords  of  Western  Norway.  Some  flints,  however,  in- 
dicated the  occurrence  of  the  Cretaceous  formation,  which  has  not 
been  observed  in  the  ^ords.  A  great  number  of  pieces  of  different 
kinds  of  rock,  of  various  sizes  and  with  rounded  edges,  occurring 
at  the  months  of  i^ords  once  filled  with  glaciers,  and  in  the  places 
where  their  depths  are  decreasing,  seems  to  prove  a  glacial  forma- 
tion of  moraines  under  the  sea.  This  view  is  confirmed  by  analo- 
gous facts.  The  row  of  moraines  mentioned  above,  on  the  west  side 
of  the  Christiania  Fjord,  runs  at  last  out  to  sea,  and  continues  as 
shoals,  which  in  some  places  emerge  as  islands,  as  in  the  case  of 
Jomfruland  Island.  As  rows  of  moraines  occur  on  the  land  with 
lakes  behind  them,  so  in  the  sea,  from  the  Qord  of  Langesund 
towards  the  town  of  Arendal,  rows  of  shoals  lie  in  front  of  the  rock- 
basins  of  the  §ord.  K,  for  example,  Norway  were  to  rise  400 
metres,  the  shoals  along  the  west  coast  and  on  the  bottom  of  the 
German  Ocean  would  probably  appear  as  moraines  and  plains  of 
glacial  formation,  widely  extended  in  front  of  the  lake-basins  of  the 
^ords. 

Phenomena  similar  to  the  above  are  repeated  in  other  countries. 
The  fjords  of  Scotland  are  shallower  at  their  mouths  than  within, 
and  if  the  land  rose  would  become  lakes*.  The  soundings  along 
the  coast  of  Greenland  are  little  known ;  but  it  is  evident,  from  the 
few  observations  which  exist,  that  the  same  peculiar  configuration 
of  the  sea-bed  would  here  also  be  brought  to  light  if  the  land  rose. 
The  depth  of  the  Jakobshavn  ice-Qord,  according  to  the  Green- 
landers,  is  about  390  metres ;  that  of  the  Torsukatak  346  metres. 
•  Cf.  Qeikie,  *  The  Great  Ice  Age,'  p.  519. 
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That  all  the  ioe-Qords  are  of  considerable  depth  is  evident  from  the 
existence  of  the  bergs,  which  descend  to  a  very  great  depth ;  but 
that  the  Jakobsharn  Fjord  is  shallower  near  its  mouth  is  evident 
from  the  fact  that  the  great  bergs  ran  aground  there.  Opposite  to 
the  mouths  of  some  of  the  Greenland  fjords  in  Davis  Strait,  shoals 
and  shallows  are  known  just  as  in  Norway ;  for  example,  before  the 
Godthaab  Fjord,  as  shown  by  the  charts,  there  is  a  shoal  of  from  20 
to  30  fathoms  deep ;  before  the  fjords  of  the  district  of  Sukkertoppen, 
another  30  fathoms  deep ;  and  before  the  Holstensborg  Fjord,  shoals, 
in  some  places  only,  from  14  to  17  fathoms  deep.  I  proved  the  ex- 
istence of  the  last  by  soundings  as  I  sailed  idong  ^e  coast ;  the 
depths  near  the  Qords  and  near  to  the  land  are  considerable. 

On  comparing  the  configuration  of  Ghreenland,  Norway,  and  Scot- 
land, we  find  on  the  whole  the  same  features  along  the  coasts  which 
are  intersected  by  Qords,  viz.  beds  of  glaciers  or  rock-basins  with 
detritus  of  glacial  origin  in  front ;  and  the  lakes  in  South-eastern 
Norway,  like  the  lakes  along  the  south  sides  of  the  Alps,  seem  only 
to  differ  from  the  Qords  in  their  situation  above  the  level  of  the  sea. 
I  have  thus  summed  up  the  most  important  facts  which  are  knit 
together  by  the  theory  of  the  glacial  formation  of  rock-basins  ;  this 
throws  light  on  a  long  series  of  facts  and  observations,  and  further 
investigations  will  certainly  augment  their  number. 

INote. — The  above  paper  was  written  by  the  author  in  English. 
This,  though  in  general  remarkably  accurate  as  regards  grammar, 
was  not  very  idiomatic,  and  so  might  have  repelled  readers  from  the 
study  of  the  valuable  observations  which  he  has  recorded.  Ac- 
cordingly, at  the  request  of  the  Council  of  the  Geological  Society,  I 
undertook  to  prepare  the  paper  for  the  press.  In  doing  this  I  found 
it  better  to  recast  most  of  the  sentences,  and  I  have  slightly  con- 
densed the  matter  by  the  occasional  omission  of  clauses  which  were 
either  repetitions  or  concerned  with  well-known  details.  As,  how- 
ever, I  entirely  dissent  from  some  of  the  author's  conclusions,  I 
have  been  most  careful  to  suppress  nothing  which  was  of  the  least 
impoitance  in  regard  to  them,  and  to  express  his  argument  as  clearly 
and  accurately  as  possible.  If  I  have  failed  to  do  this,  the  cause 
has  been  that  I  have  mistaken  his  meaning — a  thing  always  possible 
when  an  author  has  written  in  a  language  not  perfectly  familiar  to 
him.  I  may  add  that  Mr.  Helland  appears  (p.  163)  to  have  mis- 
understood a  part  of  one  of  my  papers  (Quart.  Journ.  Geol.  Soc. 
vol.  xxvii.  p.  312).  The  Alpine  cirques  which  I  have  described  are 
of  various  sizes ;  some,  indeed,  small,  but  others  equal,  so  far  as  I 
know,  to  most  in  Norway.  T.  G.  Bokitbt.] 
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10.  Oit  Gigakhc  LanikTobtoisbs  and  a  small  Fbbshwatbb  Spbcibs 
from  the  OsairBBous  Caybbits  of  Malta,  together  with  a  List  of 
their  PossiL  Fauna  ;  and  a  Notb  on  CHELOKiAif  Eemahts  fn>m 
the  Rock-cayitibs  of  Gibbaltab.  By  A.  Letch  Adams,  M.B., 
F.R.a,  Y.O.^,  Professor  of  Zoology  in  the  Eoyal  College  of 
Sdaice,  Dublin,  (Bead  January  10,  1877.) 
[Platm  V.  k  VI.] 

Thi  Maltese  fossil  remains  described  in  this  memoir  were  collected 
by  Admiral  Spratt,  C.B.,  and  myself  in  various  ossiferous  deposits  in 
the  island.  A  few  of  the  bones  have  been  referred  to  in  a  note  I 
oommunicated  to  the  Greological  Society  in  1866  *.  Having  now, 
however,  for  the  first  time  had  an  opportunity  of  comparing  the 
reptilian  remains  from  the  Zebbug  Cavern  with  my  own  gatherings 
(in  consequence  of  the  collection  made  by  Admiral  Spratt  having 
been  lately  presented  to  the  British  Museum),  I  find  the  com- 
bined assemblage  of  Chelonian  remains  display  so  many  features  of 
interest  that  1  have  no  hesitation  in  laying  the  details  before  the 
Sodety. 

The  singular  characters  of  the  associated  Proboscidian,  Bodentian, 
and  Avian  relics  have  been  already  described  f ;  so  that,  with  the 
exception  of  the  Hippopotami,  this  contribution  may  be  said  to 
complete  the  paheontographicid  portion  of  the  explorations  up  to 
the  termination  of  my  researches  in  1865. 

The  following  specimens  are  contained  in  the  Museum  of  the 
Society  and  in  the  British  Museum. 

I  am  indebted  to  T.  C.  Archer,  Esq.,  Director  of  the  Museum  of 
Science  and  /irt,  Edinburgh,  for  his  kindness  in  lending  me  the 
typical  skeleton  of  Testudo  ephippium  of  Giinther,  to  compare  with 
the  Maltese  remains;  and  my  best  thanks  are  also  due  to  Dr. 
Giinther,  FJt.S.,  for  his  assistance  in  tne  determination  of  a  few 
of  the  specimens. 

Although  Dr.  Falconer  recognized  Chelonian  bones  and  fragments 
of  shields  in  Admiral  S^att's  collection,  I  can  find  in  his  writings 
no  description  whatever  of  their  characte|^  further  than  a  simple 
reference  to  •*  two  Chelonian  forms,"  one  of  which,  he  says,  is  "  of 
small  size";. 

SuiBLD. 

Fragments  of  the  dermal  ossifications  of  dorsal  and  ventral  shields 
tre  plentiful  in  the  collection  from  Zebbug.  They  embrace  pieces 
of  costal  and  marginal  plates  of  Chelonians  of  various  dimensions, 
horn  about  the  size  of  the  Testudo  grasca  up  to  indiriduals  which 

*  Quart.  Joum.  G^L  Soo.  vol.  xxii.  p.  594. 

t  E&lconer,  Fabeontological  Memoirs,  toI.  ii.  p.  292 ;  Busk  k  Falconer, 
IVaas.  ZooL  Soc.  London,  toI.  tL  p.  227 ;  Parker,  Utid.  ?oL  ri.  p.  119 ;  Adams, 
ibid,  ToL  tL  p.  307,  and  vol.  ix.  p.  1. 

}  PftL  Mem.  voL  ii.  p.  305. 

Q. J. as.  No.  130.  N 
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riyalled  in  proportions  the  largest  living  and  extinct  land  tortoises 
of  the  Mascarene  aod  Galapagos  Islands.  Several  pieoes  of  plates 
show  thicknesses  varying  from  2  to  20  millimetres,  but  present  no 
farther  characters  of  importance,  all  being  extremely  frl^B;mentary. 
l!hey  establish,  however,  mnch  variability  in  the  dimensions  of  their 
owners,  which  is  confirmed  by  a  study  of  the  following  bones.  It 
may  be  observed  that  the  denser  outer  dermal  layer  of  several  frag- 
ments belonging  to  the  small  Chelonians  is  marked  by  nomerons 
white  specks,  such  as  are  seen  on  the  epidermis  of  the  Lutremys 
europcea^  with  which,  it  wiU  be  seen,  the  humerus  (Plate  VI.  fig.  6) 
and  femur  (Plate  YI.  fig.  5)  agree  in  all  particulars. 

VEBTEBBAli  CoLUMW. 

A  cervical  vertebra  horn  Mnaidra  Gap  and  a  caudal  vertebra  horn 
Benghisa  Gap  belong  to  gigantic  land-tortoises.  Both  are  referred 
to  in  my  previous  commuuication  *,  which  was  drawn  up  in  Malta 
during  the  progress  of  the  explorations,  when  I  had  not  the  means 
of  making  comparisons. 

The  cervical  vertebra  is  much  injured :  the  anterior  portion  is 
lost,  leaving  the  posterior  condyle  and  posterior  zygapophyses,  with 
a  portion  of  the  neural  arch ;  the  last,  however,  is  distorted  and 
crushed.  Enough  remains,  nevertheless,  to  show  that  it  is  a  fifth 
cervical.  As  compared  with  the  same  bone  in  an  individual  of  the 
large  Galapagos  form  described  by  Dr.  Giinther  t  under  the  name 
of  Testxido  elephantopus  of  Harlan,  the  above  represents  not  only  a 
larger  but  also  a  more  robust  tortoise ;  aud  as  the  latter  character 
will  be  seen  to  prevail  in  all  the  large  Chelonian  remains  in  our 
united  collections,  I  propose  to  distinguish  this  (the  largest)  species 
of  tortoise  from  the  others  by  the  name  of  Tesivdo  robusta.  As  far 
as  the  injured  condition  of  the  fossil  will  allow,  the  following  com- 
parisons have  been  made  between  it  and  the  typical  specimen  of  T, 
elephantopus^  as  given  by  Giinther.  In  both,  the  neural  crest 
divides  and  proceeds  along  the  dorsal  aspects  of  the  posterior  zyga- 
pophyses, thereby  forming  a  shallow  triangtdar  space  between  them. 
The  following  measurements  are  procurable : — 


T.  elephant 
topus. 

r.ro^ttste. 

Breadth  of  condyle 

millim. 
33 

20 

10 

20 

millim. 
37 

26 

18 

22 

Tlii^^knefw  of  condyle   .    x      '  \,  . 

Greatest  breadth  of  zYffap<n>hYfti8 

Least  breadth  of  centrum 

*  Quart.  Joum.  Geol.  Soc.  toI.  xxii.  p.  595. 
t  Philosophical  Transactions,  toI.  cIxt.  1876, 


p.  251. 
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The  MQdol  TOTtebra  (Plate  Y.  fig.  1)  has  lost  the  posterior  half 
of  the  centrum,  bat  is  otherwise  entire.  The  anterior  sygapophjses 
and  ooncaTe  centnim  and  transverse  processes  (a)  are  well  preserved. 
The  last-named  present  rugged  articolar  surfaces,  indicating  that  the 
costs  were  not  ankylosed.  There  is  a  small  neural  crest.  Un- 
Inrtnnately,  in  the  few  skeletons  of  the  large  recent  tortoises  in 
eoDeetkma,  it  is  rare  to  find  the  caudal  vertebne ;  so  that  I  have  had 
BO  means  of  comparing  the  above  with  other  allied  forms.  It 
dearly,  however,  belonged  to  a  land  Ghelonian  of  gigantic  size.  It 
vas  disoovered  by  me  in  conjunction  with  several  teeth  and  bones 
of  the  small  form  of  Maltese  fossil  elephant  {E,  Fafconeri). 

The  length  of  the  neck,  so  characteristic  of  T.  elepkantopiu,  and 
probably  of  the  other  Galapagos  tortoises,  seems  to  have  been  also 
a  feature  in  T.  robustaj  if  we  may  judge  trom  the  lengthened  cen^ 
tram  of  the  cervical  here  alluded  to. 


Pbctoral  Abch. 

The  very  large  coracoid  process  of  the  scapula  (Plate  V,  figs.  2, 2  a) 
28  also  referred  to  the  Testudo  robusta.  The  border  of  the  distal 
extremity  is  wanting,  and  there  is  a  slight  abrasion  on  the  inner 
border  of  the  glenoid  cavity ;  otherwise  it  is  entire,  and  in  an  ex- 
cellent state  of  preservation,  as,  indeed,  were  the  majority  of  the  re- 
mains from  the  Zebbug  rock-cavity,  owing  to  their  investing  matrix 
having  been  a  firm,  tenacious  blue  marl. 

The  articulating  sur&ce  of  the  scapula  (tig.  2  a,  6)  is  triangular ; 
its  maximum  length  is  40  miUims,  and  greatest  breadth  45  millims, 
the  glenoid  cavity  (c)  being  of  about  the  same  dimensions.  The  body 
presents  the  usual  contorted  and  trihedral  configuration,  expanding 
St  both  the  articular  and  distal  extremities. 

The  internal  border  is  sharp,  and  the  external  rounded  and  uneven. 
The  superior  surface  of  the  body  is  also  rounded,  and  thins  out  in- 
ternally. The  lower  aspect  (fig.  2)  presents  a  triangular-shaped 
depression  (d)  at  the  distal  extremity,  bounded  by  an  outer  ridge  (e) 
and  an  inner  ridge  (/).  The  latter  forms  also  the  boundary  to  the 
concavity  (g)  on  the  inner  aspect  of  the  bone.  This  excavation, 
shhough  not  seemingly  apparent  in  T.  eJephantopus,  is  present  to  a 
small  extent  in  the  other  Galapagos  tortoise  (T.  vicina).  Concerning 
the  relations  with  Mascarene  tortoises  I  am  unable  to  say  any  thing. 

The  dimensions  of  fig.  2  as  compared  with  the  coracoids  of  Gala- 
pagos tortoises  are  as  follows : — 


icpus. 

T.vicina, 

T.rofmata, 

XiMiffth  of  ooracoid  .t...... ....... 

millim. 
86 

20 

millim. 
83 

33 

millim. 
100 

38 

Least  width  of  neck 

n2 
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The  least  ^rth  of  the  neck  in  T.  rohusta  is  91  millimetres.  The 
greater  breadth  of  the  neck  in  T,  vicina^  as  compared  with  T.  eU- 
phantopus,  is  characteristic ;  and  the  former  therefore  agrees  with 
T,  robusta,  as,  indeed,  generally  T,  vicina  would  appear  to  possetiB 
stouter  limbs  than  either  T,  elephantopus  or  the  still  more  gigantic 
T.  ephippium  *,  Moreover  the  angle  formed  by  the  junction  of  the 
glenoid  and  scapular  articulations  (fig.  2)  approaches  that  of  T. 
vicina.  I  presume,  however,  that  the  great  expansions  of  the  ex- 
tremities of  ^.  2  (to  wit,  the  beetling  roof  of  the  glenoid  cavity 
and  massive  proportions)  make  the  coracoid  in  question  one  of  the 
largest  as  compcured  with  recent  land-tortoises. 

A  portion  of  a  left  scapula,  ^m  2iebbug,  of  a  tortoise  a  good  deal 
smaller  than  the  owner  of  the  coracoid  just  described  is  represented  in 
Plate  YI.  figs.  3, 3 a,  35.  The  body  has  been  sawn  through  the  middle, 
and  the  distal  portion  is  unfortunately  not  in  the  collection  lately 
presented  to  the  British  Museum  by  Admiral  Spratt.  It  is  otherwise 
imperfect,  the  precoracoid  having  been  broken  off  close  to  its  base  (c), 
which  is  32  millims  in  length  by  14  millims  in  breadth.  The  sur- 
face for  the  coracoid  d  (fig.  3  a)  is  triangular,  and  is  26  x  32  millims., 
and  therefore  much  smaller  than  the  opposing  surface  in  Plate  Y. 
fig.  2.  The  glenoid  cavity  is  slightly  injured  on  its  external  border ; 
its  outUne,  however,  seems  to  have  been  ovoid.  The  largest  antero- 
posterior measurement  along  the  curve  of  the  cavity  is  47  millims., 
and  the  maximum  breadth  is  28  millims. 

The  upper  surface  is  flattened  above  the  articulations,  and  be- 
comes rounded  towards  the  middle  of  the  body,  where  the  transverse 
section  (fig.  3  b)  forms  a  subelliptical  outline  different  from  the  tri- 
hedral section  at  the  same  point  in  the  scapula  of  T.  eUphantopus, 
and  approaching  rather  to  the  greatly  elongated  outline  of  T. 
vicina  f. 

The  lower  aspect  is  concave  at  e,  below  the  glenoid  cavity,  and 
becomes  flattened  towards  the  body,  and  finally  rounded  at  its  middle. 
The  internal  border  is  sharp,  and  the  outer  is  thick  and  round. 
The  circumference  of  the  bone  just  below  the  lip  of  the  glenoid  cavity 
is  97  miUimsi 

The  coracoid,  as  in  the  last,  was  not  ankylosed  to  the  scapula, 
which  appears  to  have  belonged  to  a  full-grown  tortoise  of  much 
smaller  dimensions  than  the  owners  of  any  of  the  bones  yet  de- 
scribed. For  that  reason,  and,  as  will  be  shown  in  the  sequel,  from 
its  relationship  as  regards  relative  size  with  other  bones,  I  am  dis- 
posed to  consider  that  it  belonged  to  a  distinct  form  or  species  rather 
than  to  a  small  individual  or  female  of  T.  robusta.  To  this  smaller- 
sized  form  I  provisionally  give  the  name  of  Testudo  Spratti^  in  con- 
sideration of  the  valuable  collections  obtained  by  Admiral  Spratt 
from  the  rock-cavity  of  Zebbug. 

This  scapula,  compared  with  the  same  bone  in  the  typical  speci- 

*  Unfortunately  the  peotoralgirdle  of  T,  &piippmm  is  anknown. 
t  Qiinther,  op,  cit,  pp.  265,  279. 
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mens  of  T.  elepkaniopus  and  T.  vidna^  gives  the  following  data.  The 
looB  of  tlie  precoracoid  somewhat  vitiates  the  determination  as  to  the 
ai^le  fonned  by  the  nnion  of  the  scapula  and  that  bone.  It  would 
appear,  however,  to  have  been  more  obtuse  than  in  either  of  the 
above-named  recent  species.    As  to  available  dimensions : — 


E^ 

Sh* 

millim* 
73 

70 

45 

Maximum  breadth  at  the  glenoid  cartty  

Girth  at  the  middle  of  the  shaft    

millim. 

77 

75 
50 

millim. 

77 

75 
55 

Lieng^  of  glenoid  cavity 

Humerus. 

The  proximal  extremity  of  a  right  humerus  firom  Zebbug  (Plate 
TI.  figs.  6,  6  a)  is  the  only  specimen  of  that  bone  in  the  collections. 
It  was  picked  up  by  me  among  the  d^ris  of  the  Zebbug  rock- 
cavity  several  years  subsequent  to  Admiral  Spratt's  explorations. 
ThiB  humerus  evidently  belonged  to  a  rather  smaller  individual  than 
the  owner  of  the  femur  (PI.  Y I.  figs.  6, 5  a,  5  &),  and  to  a  tortoise  about 
^e  size  of  Lutremys  europcea,  with  whose  femur  it  agrees  closely  in 
diaracters  and  dimensions.  The  large  tuberosity  diverging  from  the 
Yte^  expands  and  rises  considerably  above  the  latter,  whilst  the 
smaller  tuberosity  is  nearly  on  the  same  level  with  the  head.  The 
intervening  pit  is  deep  and  broad.  The  head  is  elliptical,  and 
measures  11  millimetres  along  its  curve,  and  has  a  deep  pit 
under  it.  The  least  girth  of  the  shaft  is  13  millimetres.  On  the 
ndial  side  of  the  head  at  (,  fig.  6,  is  a  groove  with  a  sharp  outer 
Biargin. 

As  compared  with  Lutremys  europcra  these  characters  are  abso- 
lutely identical.  In  T,  grctca  the  great  tuberosity  is  not  nearly  so 
much  expanded,  and  the  groove  5  (fig.  6)  is  wanting ;  the  shaffc, 
also,  is  stouter,  and  there  is  no  pit  under  the  head.  Considering 
that  the  affinities  with  Lutremys  europcea  are  also  confirmed  by 
the  femur  (fig.  5),  I  do  not,  in  the  absence  of  further  data,  deem  it 
necessary  to  separate  the  fossil  from  this  recent  freshwater  species, 
an  adult  specimen  of  which  in  the  British  Museum  has  a  humerus 
of  44  millimetres  and  a  carapace  of  210  millimetres.  This  tortoise 
is  still  found  in  the  lakes  and  muddy  waters  of  Sardinia,  Italy,  and 
elsewhere  in  Sonthem  and  South-eastern  Europe. 
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Eadits. 

This  bone  is  represented  by  two  specimens  from  Zebbng.  The 
one  is  about  a  fourth  part  longer  than  the  other ;  they  agree,  how- 
ever, in  every  determinable  particular ;  so  that,  admitting  variability 
in  size  according  to  sexnal  and  individual  peculiarities,  it  seems 
probable  that  they  belonged  to  the  adult  male  and  female  of  T. 
robusta. 

The  larger  (Plate  Y  I.  fig.  1)  has  lost  a  portion  of  the  outer  aspect 
of  the  head  and  a  fragment  of  the  distal  extremity ;  but  fig.  2,  also 
belonging  to  the  left  forearm,  is  quite  entire. 

The  dimensions  of  these  bones,  as  compared  with  one  another  and 
with  the  large  Galapagos  tortoises  described  by  OUnther  ^,  are  as 
follows : — 


Length  of  radius 

Leaat  girth  of  radius 


millim.  millim 
156       110 

76 


58 


millim, 
149 

51 


millim. 
122 

49 


millim. 
121 

50 


These  measurements  at  once  demonstrate  the  greater  thickness  in 
T,  robusta  of  the  shaft  as  compared  with  the  length,  the  girth  of 
even  the  smaller  being  greater  than  obtains  in  any  of  the  more 
gigantic  recent  species. 

Other  comparisons  as  regards  the  articular  surfaces  furnish  equally 
interesting  results.  As  compared  with  the  radius  of  the  immature 
female  of  T,  elephantopus  referred  to  by  Giintherf  (No.  1011  of  the 
Cat.  Mus.  R.  Cell.  Surgeons),  the  smaller  radius  (fig.  2)  is  pre- 
cisely of  the  same  length,  whilst  the  girth,  midshaft,  of  the  recent 
bone  is  43  against  58  millims.  of  the  smaller  T,  robusta. 

The  dimensions  of  the  extremities  of  the  Galapagos  radii  are  not 
given  by  GUnther ;  but  the  typical  radius  of  T,  ephippium  now  be- 
fore me  furnishes  the  following  comparisons  with  the  two  radii  rf 
T,  rohusia : — 


»  Op.  cit.  p.  280. 
t  Phil.  ~ 


Trans-Tol.  dxy.  p.  261. 
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T.robuita 

urn  S' 

lAfgftjtt  diAmflteP  of  the  hnra^nd  aHictil^tioTI  T.t ..... . 

millim. 

r    43 

I     40 

r  55x28 
1  45x18 

r   37 

1     25 

• 

miltim. 

36x19 
30 

lArgwt  diameter  of  the  carpal  articulation 

iMTgBBt  diameter  of  the  proximal  radial  articulation 

1 

It  would  be  interesting  to  establish  oomparisons  between  the 
Maltese  specimens  and  the  recent  and  extinst  Mascarene  species,  or, 
im  fMt,  any  of  the  recent  gigantic  species  I  have  been  nnable  to  ex- 
amine ;  the  materials,  however,  as  r^ards  the  latter  are  rare  in 
pnbhc  collections. 

In  general  characters  the  radius  of  T.  rohusta  presents  large  and 
expanding  articnlar  sorfaces.  The  humeral  is  concave,  and  of  the 
oi^line  d^own  in  fig.  2  a.  The  distal  ulnar  facet  is  very  pro- 
minent, thus  enlarging  the  concavity  on  the  ulnar  aspect  of  the 
bone.  The  gnarled  surfaces  for  muscular  attachments  contrast  with 
the  general  smoothness  of  the  same  parts  in  T,  elepTiarUopus  and  T, 
ephipfdum^  to  a  less  extent  in  T.  vidna,  whilst  they  at  the  same 
time  prove  that  both  fig.  1  and  fig.  2  belong  to  fully  adult,  if  not 
aged  individuals. 

The  shafts  in  the  fossil  bones  are  round  in  the  middle  and  flat- 
tened on  their  upper  and  outer  aspects.  The  distal  extremities  are 
eonvex  in  front  {&g.  2)  and  concave  behind  (fig.  1).  The  exten- 
sive distal  ulnar  facet  is  similar  to  that  of  T,  ephippium^  which 
appears  to  be  relatively  larger  than  that  of  T,  eUpJiantopus, 

A  few  Tabbal  and  Cabpal  bones  were  found  in  Mnaidra  Gap ;  but 
these  are  too  much  broken  to  be  useful  for  comparison. 

The  very  large  Ungual  Phalanobs  (Plate  V.  figs.  5,  6,  7)  from 
Zebbog  attest  to  the  dimensions  of  their  owners,  and  may  be  safely 
icfiBRed  to  T,  robusta. 


Pelvic  Gibdlb. 

Pubis. 

The  following  pelvic  fragments  referable  to  T,  rohusta  are  con- 
tained in  the  Zebbug  collection : — 

1.  A  portion  of  a  right  pubis,  extending  from  the  obturator  fora- 
outwards  (including  the  process),  is  87  millimetres  in  length. 


Digitized  by  VjOOQIC 


184  A.  LSITH  ADAMS  OK  MALTRgR  LAHB-TOBTOISBB. 

the  maziinum  breadth  of  the  process  being  24  millimetres.  The 
same  measurements  of  the  pubis  of  T,  ephippium  are  76  and  18 
millimetres. 

2.  A  mutilated  proeess  of  another  pubis  presents  about  the  same 
measurements. 

3.  A  fragment  of  the  symphjsial  end  of  a  right  os  pubis  indicates 
a  tortoise  as  large  as  the  owner  of  the  preceding,  but  shows  no  im- 
portant characters. 

Pexvb. 

Two  proximal  extremities  of  femora  of  gigantic  tortoises  were 
found  by  me  in  Mnaidra  Gap.  The  left,  bebg  the  more  entire,  is 
represented  in  Plate  Y .  figs.  4,  4  a,  4  h. 

It  shows  the  head,  trodianters,  and  a  small  portion  of  the  shaft. 
There  is  a  loss  of  substance  on  the  outer  side  of  the  head  and  great 
trochanter,  which,  howerer,  is  preserved  in  the  other  specimen  of 
the  right  side.  There  is  also  a  small  abrasion  on  the  iuner  side  of 
the  head.  Otherwise  the  fragment  is  entire  and  well  preserved. 
It  will  be  seen  from  the  figures  that  the  head  is  elliptical,  and  does 
not  rise  above  the  summit  of  the  great  trochanter. 

The  conspicuous  notch  (fig.  4  a)  is  also  present  in  the  recent  7V#- 
tudo  ephipptum,  and  is  apparently  wanting  in  T,  elephantoptis* : 
thus  the  femur  of  the  former  and  that  of  T.  robusta  agree  so  far. 
Moreover  the  cartilaginous  capping  of  the  trochanters  is  apparently 
confined  to  the  latter  by  a  smooth  dividing  groove,  whereas  in  jT. 
elephantopus  the  cartilage  extends  along  an  unbroken  ridge  from 
trochanter  to  trochanter. 

The  condition  of  the  fossil  renders  it  impossible  to  state  whether 
or  not  one  or  other  of  these  two  conditions  existed. 

The  pit  embraced  between  the  head  and  the  trochanters  is  about 
as  broad  as  long ;  and  the  notch  between  the  head  and  small  tro- 
chanter is  broader  than  between  the  former  and  the  great  trochanter, 
but  it  IB  relatively  smaller  than  in  T,  elephantopus  and  T,  ephippium. 
And  whilst  the  head  in  the  former  and  in  T,  robusta  assimilate,  T. 
robusta  and  T,  ephippium  consort  as  to  the  intertrochanteric  notch 
and  the  configuration  of  the  intervening  pit  (fig.  4  6). 

A  detached  left  femur  of  a  recent  tortoise  (No.  1021  b  in  the 
Ostedogical  Collection  of  the  Koyal  College  of  Surgeons)  agrees  with 
the  characters  of  T,  ephippium  and  T.  robusta ;  but  the  cartilaginous 
covering  dips  into  the  notch,  and  is  continuous  from  one  trochanter 
to  the  other. 

The  locality  from  which  this  specimen  was  obtained  is  unknown  ; 
but  it  evidently  belonged  to  a  very  large  tortoise,  and  an  individual 
of  nearly  the  dimensions  of  the  fossil.  The  greatest  length  and 
breadth  of  the  heads  in  the  three  (by  callipers,  and  along  the  csrVe) 
are  as  follows : — 

»  Qiinther,  op,  cit,  pp.  2(57,  274. 
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R  C  S 

T.rolmsta.  No.  1021  b. 

T.epMp- 
pium. 

T/eng*h  hy  c^llip^rs 

millim. 
66 

92 

65 

72 

millim. 
60 

82 

50 

70 

millim. 
43 

60 

36 

62 

Lencrth  b?  taoe 

Breadth  by  cnllipem........ v. 

Breadth  by  tape  

I  have  given  the  chief  meaBurements  of  tig.  4  in  my  former  paper. 
Suffice  it  to  state,  as  to  the  comparative  dimensions,  that  the  fossil 
exceeds  in  size  any  recent  femur  I  have  been  enabled  to  examine, 
and  shows  that  the  owner  was  a  gigantic  toitoise,  but  possihly  not 
quite  so  large  as  the  owner  of  the  coracoid  just  described. 

A  distal  extremity  of  a  right  femur,  comparable  as  regards 
dimensions  with  the  form  to  which  I  assign  the  name  of  T.  Spratti, 
is  also  from  Mnaidra  Gap.  It  is  relatively  small  as  compared  with 
tiie  same  part  in  the  immatui*e  skeleton  (No.  lOlL  of  the  Museum 
of  the  Koyal  College  of  Sui^eons)  referred  by  Giinther  to  T,  ele- 
phantopus  *.  The  breadth  of  the  condyles  in  the  last  is  78  milli- 
metres, whereas  it  is  only  56  in  the  fossil.  In  the  latter  there  is  a 
shallow  depression  above  the  condyles  superiorly,  and  a  deep  pit  al 
the  same  point  on  the  opposite  or  inferior  side.  The  condyles  are 
stouter  relatively  and  more  confluent  than  in  T.  ephippium^  and 
more  like  what  obtains  in  T.  vidna ;  the  specimen,  however,  is  too 
fragmentary  for  precise  determination. 

The  smaU  right  femur  from  Zebbug  (Plate  VI.  figs.  6,  6  a,  56)  haa 
lost  its  distal  extremity.  The  head  is  elliptical,  and  confluent  with 
the  great  trochanter,  and  is  at  the  same  level.  The  great  trochanter 
(fig.  5  a),  as  in  the  lajrge  femur,  is  separated  by  a  deep  notch  from 
the  lesser  trochatfter,  the  enclosed  pit  (fig.  5  h)  being  almost  circular. 
The  largest  diameter  of  the  head  is  12  millimetres,  and  the  least 
girth  of  the  shaft  is  18  millimetres.  In  T,  grasca  there  is  no  notch, 
the  shaft  is  less  bent,  and  the  trochanters  are  more  convergent. 
Although  somewhat  larger  than  a  femur  of  LtUremys  europcea  (46 
millimetres  in  length),  it  agrees  with  it  in  every  respect,  in  common 
with  the  humerus  (fig.  6),  both  of  which  therefore  may  be  accepted 
provisionally  as  belonging  to  that  species. 

Tibia. 

The  two  tibiae,  right  and  left  (Plate  V.  figs.  8,  3  a,  and  Plato  VI. 
figs.  4, 4  a)  are  fitmi  Zebbug.  The  larger,  or  right  tibia  (Plate  V. 
fig.  3),  is  not  entire,  having  lost  portions  of  the  head  on  its  outer 

*  Op.  <r«.  p.  261. 
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and  inner  aspects,  and  also  a  poition  of  the  distal  end  in  front.  As 
regards  size,  it  is  about  a  third  longer  than  fig.  4,  and,  as  will  be  seen 
presently,  differs  from  it  morphologically.  Both  bones  represent  aged 
individuals,  as  is  well  shown  by  their  gnarled  appearances.  More- 
over, relatively,  they  are  stouter  than  the  tibisB  of  T.  eUphatUopua 
and  T,  ephippiuniy  and  come  closer  in  that  respect  to  T\  vidna, 
I  conceive  that  the  larger  (fig.  3)  belonged  to  T.  robtista^  and  the 
smaller  (fig.  4)  to  T.  Spratti. 

The  following  establiiBhes  their  proportional  greater  thickness  as 
compared  with  certain  recent  species  that  I  have  been  enabled 
to  examine : — 


^ 

1 

** 

1 

1 

1 

1 

^ 

Sh* 

Sn' 

Sn' 

5n' 

• 

millim. 

millim. 

millim. 

Tnilljm. 

Length  of  tiWa 

160 

136 

129 

115 

85 

Lewt  girth  of  tibia 

72 

60 

67 

73 

63 

Thus  it  appears  that  the  smallest  girth  of  the  shaft  in  T,  robusia  is 
greater  than  that  of  the  tibia  of  the  more  slender  T,  ephipptum^ 
which  is  2*2  inches  longer,  and  that,  whilst  the  antero-posterior 
diameter  of  the  femoral  articulation  is  41  millimetres  in  T.  robusta^ 
it  is  38  millimetres  in  T.  ^hippium ;  but  their  distal  articulations 
are  about  equal  in  size. 

The  tibia  of  Testudo  Spratti  has  the  groove  on  the  astragalo- 
calcaneal  aspect  deep  (Plate  VI.  fig.  4  a),  whereas  it  is  barely  in- 
dicated in  T,  robusta  (Plate  V.  fig.  3  a).  There  are  two  prominent 
muscular  tuberosities  about  midshaft  in  T.  Spratti. 

The  anterior  aspects  in  both  are  more  concave  than  appears  to  be 
the  case  in  the  recent  species  named  above ;  and  there  is  greater 
dilatation  at  the  articular  surfaces ;  otherwise  they  do  not  appear  to 
present  further  characters  to  distinguish  them  from  the  tibisB  of 
recent  species  and  from  one  another. 

FiBTTLA. 

The  distal  half  of  a  lefb  fibula  from  Zebbug  represents  a  tortoise 
considerably  larger  than  the  owner  of  the  tibia,  PlateY.  ^,  3,  but  not 
apparently  of  greater  dimensions  than  the  individuals  to  which  the 
large  femora  and  coracoid  belonged.  The  tarsal  articiilar  surface  is 
trihedral  in  outline  and  somewhat  convex,  whereas  it  is  even  in  T. 
ephippium.    There  is  the  usual  expansion  of  the  articulation  as  seen 
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ia  the  otiier  large  bones  with  prominent  rugosities.  The  shaft  is 
flat  below,  becoming  rounded  towards  the  middle.  In  T,  ephippium 
the  shaft  is  rounded  posteriorly  and  flat,  with  a  concavity  close  to 
the  articulation  on  its  tibial  aspect.  The  circumference  at  midshaft 
is  60  millimetres  in  the  fossil,  and  only  45  millims.  in  T.  ephippium^ 
A  prominent  rugosity  for  muscular  attachment  occupies  the  ante- 
rior border  near  the  distal  extremity,  whilst  a  well-defiued  ridge 
nms  up  the  posterior  border  and  is  lost  about  midshaft.  Altogether 
this  bone  presents  different  characters  from  the  fibula  of  T.  dephan- 
topus  and  T.  ephippium,  and  bears  a  closer  resemblance  to  that  of 
T,  vidna,  and  perhaps  also  of  T.  pmiderosa,  as  far  as  I  have  been 
enabled  to  compare  it  witb  a  specimen  of  the  fibula  of  the  latter 
in  the  possession  of  Dr.  Giinther,  to  whose  masterly  determina- 
tions we  are  indebted  for  the  only  lucid  descriptions  yet  given 
of  tbe  osteology  of  the  gigantic  land-tortoises  of  the  Galapagos 
labrnds. 

The  foregoing  Testudinea  and  Emydea  must  be  admitted  as  inter- 
esting additions  to  the  already  goodly  list  of  remarkable  animal 
remains  from  the  rock-rents  df  Malta. 

The  gigantic  land  Chelonians  and  their  freshwater  congener, 
when  conudered  in  relation  to  the  gigantic  Dormouse  and  water- 
hirds  and  the  small  Pachydermata,  furnish  further  proofs  of  tbe 
physical  conditions  requisite  for  the  maintenance  of  such  a  varied 
fauna.  This  subject,  however,  deserves  special  consideration,  not 
contemplated  in  the  present  communication. 

The  vertebrated  and  invertebrated  animals  hitherto  recorded  fi'om 
the  Cavern  and  alluvial  deposits  of  Malta  may  be  enumerated  at 
follows : — 

Mammalia. 

EquuSy  sp.    Horse,  sp.  ? 

Hippopotamus  PetUlandi,    Pentland's  Hippopotamus. 

Hippopotamus  minuius.     Pygmy  Hippopotamus. 

Cennis  dama.     Fallow  Deer. 

Cervus  vel  Copra.    Deer  or  Goat,  sp.  ? 

Canis,     Fox,  sp.  ?. 

Elqthas  mnaidriensis.     Large  Maltese  Elephant. 

ElephaB  melitensis.    Smaller  Maltese  Elephant. 

Elephas  Fakoneri.     Pygmy  Maltese  Elephant. 

Myoxus  melitensis.    Great  Dormouse. 

Myoxus  Cartei  (?).     Carte's  Dormouse. 

Arvieola  amphibia.    Water- Vole. 

AVES. 

Cygnus  Falconeri.    Falconer's  Swan. 
Cygnus  musicus  (?).     Wild  Swan. 
Bemida  vel  Anser,    Bemicle  or  Goose,  sp. 
Anas^  sp.     Duck,  sp.  ? 
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RePTILIA,  AliPHIBIA. 

Testudo  robusta.    Gigantic  Maltese  Tortoise. 
Testudo  Spratii.     Spratt's  Tortoise. 
Lutremys  europcea  (?).     Speckled  Tortoise. 
Lacerta,  sp.     Lizard,  ep.  ? 
Batrachia^  sp.     Frogs  or  Toads,  sp. 

MOLLVSCA  ♦. 

ffeHv  aspersa. 
Helix  vermctjJata, 
Helix  candidissima. 
Helix  aperta. 
Helix  Sprattii. 
Helix  striata, 
Bulimus  acutus, 
Cyclostoma,  sp. 
Glausilia  syracusana. 

The  stratigraphical  conditions  under  which  these  animal  remains 
were  discovered  varied  considerably.  On  that  account  it  may  be 
inferred  that  all  were  not  conveyed  into  the  rock-cavities  and  hol- 
lows at  the  same  time  and  under  exactly  the  same  conditions  ;  and 
it  is  not  wholly  improbable  that  a  redeposition  of  remains  may  in 
one  or  more  instances  have  taken  place.  At  all  events,  a  contem- 
poraneity may  be  claimed  for  the  Elephants,  Hippopotami,  Myoxi, 
.  AnatidsB,  Chclonia,  Lacertilia,  and  certain  Helicidae,  inasmuch  as 
their  remains  were  intimately  associated. 

I  exdnde  the  remains  of  Horse,  Fallow  deer.  Deer  or  Goat,  and  a 
canine  tooth  referable  to  a  small  Canis,  also  the  remains  of  the 
Water-rat,  Frogs,  and  several  species  of  land  shells,  on  acconnt  of 
the  following  circumstances  connected  with  their  discovery  : — 

The  exuvisB  of  the  Horse,  Fallow  deer,  and  of  a  small  carnivore  of 
about  the  size  of  a  Fox  were  found  together  in  a  rock-rent  containing 
red  soil  and  fragments  of  the  parent  rock.  The  other  ruminants' 
teeth,  also  the  canines  of  a  small  Vvlpes,  Arvicola,  and  Fn^-bones, 
were  met  with  in  close  proximity  to  the  larger  quadrupeds ;  but  the 
deposits  being  composed  of  closely  packed  red  soil,  it  may  not  bo 
improbable  that,  in  the  case  of  the  two  last-named  and  several  spe- 
cies of  land  Snails,  they  had  made  their  way  into  the  bed  after 
its  deposition.  At  all  events,  the  entire  absence  of  large  Camivora 
is  not  the  least  remarkable  feature  of  the  collections. 


Note  on  Chelonian  Remains  yVom  tTie  Rocx-fissxtbes  o/Gibraltab. 

As  far  as  yet  ascertained,  the  mammalian  and  avian  remains  from 
the  rock-cavities  of  Malta  and  Gibraltar  belong  to  different  faunas, 
the  Maltese  being  the  more  ancient. 

*  The  Molluscs  were  determined  by  the  late  Dr.  S.  P.  Woodward. 
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In  the  ooUectiona  made  by  Captain  Lnard,  R.E.,  in  the  Gibraltar 
csTeniB  are  two  bones  of  Cheloniana  which  Mr.  Busk  has  kindly 
permitted  me  to  inspect. 

The  larger  is  a  much  mutilated  humems  or  femur ;  which  of  the 
two  it  is  difficult  to  say,  from  injuries,  it  having  lost  the  proximal 
and  a  portion  of  the  distal  extremity.  It  belonged,  however,  to  a  large 
Chebnian,  inasmuch  as  the  remaining  length  is  130  millimetres,  aud 
least  girth  of  the  shaft  71  millimetres.  A  deep  circular  pit  on  the 
anterior  and  inner  aspect  of  the  shaft  near  the  head  seems  peculiar 
as  compared  with  the  larger  recent  marine  and  land  species.  To 
which  of  the  two  groups  it  belongs  is  not  evident;  but  possibly,  from 
the  prominent  ridges,  it  may  have  belonged  to  the  latter. 

The  small  right  radius  (Plate  YI.  figs.  7,  7a)  has  lost  its  distal 
articular  aspect,  but  is  otherwise  entire.  The  surface  is  remarkably 
smooth,  and  without  the  rugosities  of  the  humerus  of  the  larger 
Maltese  Testudinea. 

The  above  is  clearly  the  radius  of  a  land  or  freshwater  tortoise  of 
larger  dimensions  thiua  any  recent  European  species. 

The  humeral  aspect  (fig.  7  a)  is  slightly  concave  ;  but,  excepting 
&e  dimensions,  the  specimen  does  not  present  other  noteworthy 
peenliarities ;  the  least  girth  of  its  shaft  is  28  millimetres. 

The  two  bones  represent  species  differing  very  much  in  size,  and 
are  of  interest  with  reference  to  further  discoveries  in  connexion 
with  the  fossil  fauna  described  by  Mr.  Busk,  F  Jt.S.,  in  a  paper  read 
before  the  Zoological  Society  of  London  on  May  2, 1876. 


EXPLANATION  OF  THE  PLATES. 

Plate  V. 

Fig.  1.  Caudal  rertebra  of  Tesiudo  robugta^  natural  size. 

Figa,  2,  2  a.  Bight  coraooid  of  the  scapula  of  T.  rofmata,  natural  size. 

Figs.  8,  3  a.  Bight  tibia  of  T.  robuxta,  natural  size. 

Figs.  4,  4  a,  46.  Proximal  third  of  the  left  femur  of  T.  robutta^  natural 

size. 
Figs.  5,  6,  7.  Phalangeal  bones  of  T.  robusia,  natural  size. 

PlatbVI. 

Fig.  1.  Left  radius  of  Tegfudo  rohutta^  natural  size. 

Figs.  2,  2  a.  Left  radius  of  T,  robusta,  natural  size. 

Figs.  3,  S  a,  3  6.  Portion  of  a  left  scapula  of  T.  Sprattit  natural  size. 

Figs.  4,  4  a.  Left  tibia  of  T,  Sprafti,  natural  size. 

Figs.  5,  5a,  5  6.  Portion  of  a  right  femur  of  Lutremys  europ<ea?f  natural 

size. 
Figs.  6,  6  a.  Portion  of  a  right  humerus  of  L,  europaa  ?,  natural  size. , 
Figs.  7,  7  a.  Bight  radius  of  a  Tortoise  from  the  rock-cayities  of  Gibraltar, 

natural  size. 

DiSCUSSlOK. 

Prof.  Eamsay  inquired  what  was  the  probable  geological  age  of 
these  remains,  as  this  seemed  to  him  a  point  of  much  interest. 
The  AmsoB  stated  that  his  paper  was  purely  palaDontological, 
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and  that  he  had  not  touched  upon  any  geological  questions  in  it. 
No  judgment  could  be  formed  from  Sicilian  deposits,  as  there 
seemed  to  have  been  no  connexion  between  the  islands ;  and  with 
regard  to  the  Maltese  deposits,  he  stated  that  remains  of  Hippo- 
potamus were  found  in  breccia  and  in  conglomerates  in  rock- cavities 
which  appeared  to  have  been  caves,  and  also  in  fissures  with  red  soil 
like  that  of  the  surface,  containing  ang^ar  fragments  of  the  parent 
rock.  In  one  cavity  he  found  whole  carcasses  of  Elephants,  just  as 
if  they  had  been  carried  in  suddenly,  and  filled  in  with  earth  by  a 
wave.  The  remains  might  have  been  derived  from  a  Pliocene  de- 
posit broken  up  and  swept  into  the  cavities. 

Prof.  Eaxsat  remarked  that  when  the  small  Maltese  Elephants 
were  first  described  he  thought  they  were  generally  spoken  of  as 
Miocene ;  but  this  might  be  a  misunderstanding.  It  was,  however, 
confirmed  by  the  prevalence  of  Miocene  rocks  in  Malta ;  but  the 
gisemerU  of  these  remains  might  be  of  later  date.  He  was  much 
struck  by  the  number  of  Tortoises,  but  regretted  that  it  could  not 
be  decided  whether  those  from  Gibraltar  were  land  or  freshwater 
species.  If  the  latter,  their  presence  was  exceedingly  interesting, 
fresh  water  being  now  so  scarce  in  Gibraltar ;  and  such  remains 
occur  in  Gibraltar  high  up  in  the  rock,  where  there  is  now  no  water. 
This,  it  seemed  to  hm,  would  indicate  an  enormous  change  in  the 
physical  geography  of  the  region.  In  a  late  visit  to  the  north 
coast  of  Africa,  near  Tangier,  he  had  found  what  were  probably 
Jurassic  strata  very  mud^  contorted,  and  above  them  Coralline 
sands,  half  consolidated  at  their  junction  with  the  Jurassic  rocks ; 
and  here  on  the  old  land  surface  he  obtained  a  jaw  of  an  Elephant, 
containing  a  molar  tooth  which  proved  it  to  belong  to  E,  antiquus. 
This  was  interesting,  from  the  alliance  of  that  species  with  the 
existing  African  Elephant.  From  his  point  of  view,  he  said,  the 
chief  interest  of  the  paper  was  its  bearing  upon  the  changes  in  the 
physical  geography  of  the  Mediterranean  and  Aralo-Caspian  areas. 

Prof.  T.  KtJPERT  JoHEs  remarked  that  some  of  the  Maltese  gravels 
contain  rock-matter  not  now  existing  in  Malta.  This  indicates  a 
great  lapse  of  time,  a  great  depth  of  rock  having  been  washed 
away. 

Prof.  Seelet  inquired  whether  the  author  had  examined  into  the 
affinities  of  the  large  Maltese  Chelonia  and  those  from  the  Siwaliks. 
He  noticed  difierences  in  the  form  of  the  femur,  reminding  one  of 
the  Indian  forms,  but  perhaps  indicating  a  still  closer  relationship 
to  American  types.  He  inquired  whether  there  was  any  apparent 
relation  of  descent  between  the  Miocene  and  later  forms,  and 
remarked  that  it  seemed  to  him  there  was  evidence  proving  the 
migration  of  animals  and  plants,  with  specific  modification,  from  east 
to  west.  With  regard  to  the  thickness  of  the  plates  of  the  carapace 
and  plastron,  he  said  that  this  was  no  evidence  of  size.  Thus  Emr/a 
eras9U8,  although  but  a  small  species,  has  plates  at  least  as  thick  as 
those  from  Malta;  and  he  had  seen  a  Kimmeridge-clay  species 
which  illustrated  the  same  fact. 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


C.T     r-r^— >^•«K. 


Digitized 


byUOOgll 


Quaxt.Joum.Geol.Soc.Vol.XXXni.Pl.V. 


^IC  TORTOISES. 


M'mlei  MX  Broa.  r 


Digitized  by  VjOOQIC 


Q'idr..Xirr.-'j*-- 


\ 


(a 


} 


Digitized  by  VjOOQIC 


Quart ,  Joum .  Ged ,  Soc  Vol .  XXXIII .  PI . VI 


Hmtem  Bros  imp 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


▲.  LSITH  APAHS  ON  «ItfANTIC  LAin>-TOBTOIBBB  STC.  191 

The  luTHOBy  in  reply  to  Prof.  Bamsay,  said  that  it  was  impos- 
sible to  tell  whether  the  remains  from  Gibraltar  belonged  to  a  land 
or  freshwater  species,  as  the  parts  of  the  skeleton  preserved  did  not 
famish  the  necessary  eridence ;  but  the  characters  of  the  radius 
showed  that  it  was  not  a  marine  Turtle.  In  reply  to  Prof.  Seeley, 
he  said  that  the  head  of  the  femur  of  the  large  Maltese  Chelonian 
was  quite  different  from  that  of  Colossochelys  atlas  from  the  Si- 
walilLs,  and  added  that  he  quite  agreed  with  him  that  the  thickness 
of  the  carapace  was  by  itself  no  evidence  of  gigantic  size. 
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11.  On  British  Cbetaceoub  Patbllid^  and  other  Families  of 
Patelloid  Gastropoda.  By  J.  Starkie  Garskse,  Esq.,  F.G.S. 
(Read  January  24, 1877.) 

[Plates  VII.-rX.] 

A  STTTDT  of  this  group  of  Cretaceous  Gastropoda,  commenced  some 
twelve  months  since,  brought  to  light  unexpectedly  so  many  forms 
new  to  our  Cretaceous  series,  some  of  the  genera  to  which  they  are 
referred  haying,  indeed,  never  before  been  found  fossil,  that  1  have 
deemed  the  result  of  sufficient  importance  to  form  the  subject  of  a 
paper  which  I  now  lay  before  this  Society.  Conical  or  patelloid 
shells  make  their  appearance  amongst  the  earliest  known  MolluBca  ; 
and  from  them  seem  to  have  been  differentiated  the  convoluted 
forms  represented  by  BdUrophon :  in  the  earliest  times  these  two 
typical  forms  can  hardly  be  separated  one  from  the  other,  being 
lu^ed  together  by  spirally  twisted  capuliform  shells.  So  impressed 
does  Pictet  seem  to  have  been  with  tiiis  that  he,  in  his  great  work 
the  '  Terrains  Cr^taces  de  Ste.  Croix/  includes  Bellerophina  in  the 
FissurellidsB.  The  families,  species  of  which  are  here  noticed,  have 
been  unusually  persistent  ih  form,  having  come  down,  in  some  cases, 
almost  unchanged,  even  specifically,  to  the  present  day.  The  aspect 
of  the  group  is  therefore  more  recent  in  appearance  than  that  of 
any  other  group  of  Gastropods  from  rocks  of  the  same  age.  Although 
a  considerable  advance  is  here  made  in  our  knowledge  of  these 
families,  from  these  particular  rocks,  yet  the  number  of  species  de- 
scribed from  single  specimens  tells  us  unmistakably  how  much 
more  remains  to  be  learned,  and  the  inference  is  forced  upon  us 
that  we  must  still  possess,  though  undiscovered,  a  far  greater  variety 
of  representatives  of  these  moUusca.  By  the  absence  of  many 
genera  from  our  Cretaceous  rocks  which  are  found  in  earlier  rocks, 
such  as  Rimula,  or  in  contemporaneous  rocks  of  other  countries, 
such  as  Fissurdla,  ParmophoruSj  Infundibulumy  Galerus,  and  the 
upper  valves  of  Hipponyx,  this  inference  is  greatly  strengthened. 

The  study  of  these  families  is  perhaps  of  more  importance  to  the 
geologist  than  that  of  most  others  of  the  Gastropoda,  as  the  depth 
at  which  each  form  lived  is  approximately  defined,  and  their  pre- 
sence or  absence  is  therefore  of  assistance  in  understanding  the 
physical  conditions  under  which  marine  strata  have  been  deposited. 
For  instance,  from  the  complete  absence  of  fissured  forms  from  the 
Gault  andGreensand  of  Folkestone,  Cambridge,  and  Blackdown,  while 
they  are  abundantly  represented  elsewhere  in  rocks  of  approximately 
the  same  age,  we  may  infer  that  these  seas  were  shallow.  Further 
remarks  are  appended  to  some  of  the  specific  descriptions ;  especially 
noteworthy  are  some  remarkable  cases  of  mimicry  among  the 
GalyptrseidsB.  A  table  of  genera  and  species  is  appended.  In  this 
table  the  *  signifies  that  the  genus  is  altogether  new  in  Cretaceous 
rocks;   f,  new  to  Europe;   N,  that  the  species  is  new.    In  the 
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ealnnma  an  I  denotes  that  the  species  is  described  from  not  more 
than  two  specimens,  x  that  the  species  is  comparatively  abundant. 
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PATELLID.E. 

TBcnniA  FOBMOSA,  sp.  n.    Lower  Greensand.      M.  IX.  figs.  10, 
11,11«. 

Shell  depressed,  thin ;  apex  minnte,  situated  ^  anterior ;  sculp- 
ture consisting  of  about  fifty  verv  finely  tuberculated  ribs,  between 
which  are  slight,  radiating,  simjne,  parallel  striae.     Neither  the  ribs 
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nor  the  stria3  are  regidarly  oquidistant ;  the  shell  nosr  the  base 
possesses  short  oblique  striae  (fig.  11a). 

This  shell  differs  from  T.  tenuicosta  in  being  more  regular  and 
elevated — and  by  its  ribbing,  which  is  more  uniform,  closer,  and 
most  delicately  tnbercnlated.  It  was  found  by  Mr.  Meyer  in  the 
Folkestone  bods  of  the  Lower  Greensunds  at  Shanklin. 

The  specimen  has  apparently  a  perforated  apex,  and  might  at  first 
sight  be  regarded  as  a  Fissurella ;  but  even  the  most  careful  exami- 
nation leaves  it  doubtful  whether  the  perforation  is  or  is  not  due  tx> 
accidental  abrasion ;  but  the  ornamentation,  consisting  of  tubercu- 
lated  striae,  is  so  characteristic  of  Tectum^  and  so  different  from  that 
of  Fissurelldy  which  is  almost  invariably  cancellated,  that  there  can 
be  practically  little  doubt  as  to  which  family  it  belongs  to.  Fissu^ 
rella  is  still  unknown  from  British  Cretaceous  rocks. 

Tectttra  plana,  sp.  nov.    Lower  Greonsand.    PI.  YIII.  figs.  27-29. 

Shell  minute,  laterally  compressed,  very  elongated,  cup-shaped  ; 
apex  recurved ;  posterior  region  without  ribs,  but  with  lines  of 
growth  ;  surface  smooth,  but  under  tJie  microscope  rugose  or  wea- 
thered. L.  4  millims.,  b.  2  millims.,  ht.  2  millims.  Unique.  Found, 
by  Mr.  Meyer,  at  East  Shalford. 

The  shell  could  with  equal  probability  be  assigned  to  the  Lepetidae, 
some  of  which  it  much  resembles ;  but  there  are  also  smooth  forms 
of  Ttctura  still  existing. 

Tectura  TENincosTA,  B'Orb.     Gault.     PL  VII.  figs.  19,  20. 

Shell  oval,  depressed,  thin  ;  apox  acute,  subcentral,  wr  ^  anterior  ; 
sculpture  fine,  radiating,  irregular  ribs,  almost  absent  on  the  ante- 
rior region,  crossed  by  still  finer  striae,  and  occasional  lines  of  growth. 
The  cnst  is  smooth. 

This  shell  seems  to  characterize  the  Gault,  where  it  is  not  un- 
common. Sowerby,  '  Min.  Conch.',  figures  a  cast  of  this  shell  from 
Folkestone,  together  with  a  Lias  cast,  as  Patella  la^vts,  Michelin, 
in  1834,  figured  the  species  in  the  *Memoires  Soc.  GeoL'  vol.  iii. 
pi.  12.  fig.  2.  D'Orbigny  describes  it  fully,  with  figures,  in  the 
'  Palcont.  Fran  v.*  Pictet  and  Roux  have  described  it  as  Aancm 
gaultina^  distinguishing  this  form  from  T,  ten%iicostn  "  par  son  angle 
apicial  plus  ouvert,  et  par  la  position  plus  anterieure  du  sommet." 

There  is  little  doubt  that  some  smooth  limpet>-like  casts  from  the 
Cambridge  Greensand  are  of  this  species.  A  rather  larger  specimen 
than  the  average  is  figured  (PI.  YII.  ^g,  20).  It  also  occurs  at 
Devizes. 

Amongst  living  shells,  T,  tenuicosta  most  resembles  T,  testudinalisy 
Miill.,  Greenland,  and  T.  Catuleana,  D'Orb.,  from  St.  Vincent,  both 
of  which  are  extremely  variable  in  height. 

Tectura  tenfistriata,  Seeloy.     Gault.     PL  YII.  fig.  18. 

Minute,  thin,  higher  than  the  last  species,  very  finely  striated. 
The  specimen,  still  unique,  is  in  the  Cambridge  Museum.     It  was 
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described  and  figured  in  the  *  Ann.  and  Mag.  Nat.  Hist/  for  April 
1861.    The  figure  is  unfortunately  not  very  accurate. 

HsLCioy  Metebi,  sp.  nov.     Lower  Grcensand.     PI.  VII.  figs.  8-11. 

Cap-shaped,  depressed,  anteriorly  convex,  posteriorly  excavated  ; 
apex  recurved,  posteriorly  projecting  beyond  the  margin ;  sculpture, 
about  twenty- two  strong,  rounded,  imbricated  ribs. 

This  unique  shell  was  found  by  Mr.  Meyer  in  the  Folkestone 
beds  of  the  Lower  Greensand  at  Shanklin.  It  is  an  undoubted 
Hekion,  and  represents  the  earliest  known  appearance  of  that  genus, 
which  had  not  previously  been  found  fossil.  It  bears  a  distant  re- 
semblance to  Emarginida  Desorl,  P.  &  C.  The  figure  should  have 
represented  the  shell  as  symmetrical. 

AyisoxTow  vBCTis,  sp.  nov.     Neoc^mian.    PI.  IX.  figs.  3,  4,  6. 

Oral,  slightly  quadrate,  elevated,  thin ;  apex  small,  pointed,  sub- 
central,  placed  rather  anteriorly ;  surface  smooth  or  polished,  without 
radiating  ribs  or  lines,  but  with  concentric,  parallel,  undulating 
lines  of  growth. 

This  species  resembles  Hdcion  (Acmcea)  conicum  of  D'Orb.,  from 
the  Upper  Gault,  and  Teetura  elevata^,  Forbes,  figured  by  StoHczka 
in  the  '  Pal.  Indica,'  but  is  thinner  and  more  delicate  than  either. 

AnUomyon  is  a  Cretaceous  genus,  founded  by  Meek  and  Hayden  f. 
The  specimens  just  described  cannot  be  examined  interiorly ;  so  that 
the  form  of  the  muscular  scar  is  unknown  ;  but  the  smooth  aspect, 
thin  shell,  and  minute  apex  leave  little  doubt  they  are  correctly 
placed  in  this  genus. 

Two  specimens  are  known,  which  were  obtained  from  the  Cracker 
Rocks  of  Atherfield,  and  are  now  in  the  Woodwardian  Museum. 

ScTKRiA  CAi.TPTiuEiF0Raci8,  sp.  nov.  Lowor  Greensand.  PI.  VII. 
.      figs.  15,  16. 

Shell  ovate,  or  suborbicular,  elevated,  convex  posteriorly,  rather 
flattened  anteriorly  ;  apex  anterior,  slightly  obtuse.  The  cast  near 
the  margin  retains  ti-aces  of  fine  radiating  ribs,  but  is  otherwise 
Mnooth,  with  irregular  lines  of  growth. 

The  specimen,  now  in  the  British  Museum,  has  a  CalyptrcBa-like 
aspect,  but  resembles  most  strongly  Scurria  mitra.  It  is  from  the 
Lower  Greensand  of  Seend. 

ScTTRfiiA  DEPRESS  A,  sp.  uov.     Lowcr  Grecusaud.     PI.  Vn.  fig.  17. 

Of  the  same  form  as  the  last  species,  slightly  more  depressed,  but 
with  an  entire  margin  without  the  least  trace  of  ribbing ;  more 
specimens  may  establish  their  identity.  Two  specimens  are  in  the 
British  Museum,  which  were  found  with  the  last. 

*  Geol.  Soc.  Museain. 

t  'American  Journal  of  Science  and  Arts,'  May  I860  (2nd  aer.),  vol.  xzix. 
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FISSURELLIDiE. 
Emaroinula  nkocomienbis,  D'Orb.    Neocomian.    PL  VIII.  figs.  1-6* 

Shell  oblong,  twice  as  long  as  high,  solid,  conical,  convex  ante- 
riorly, slightly  concave  posteriorly ;  apex  small,  recurved,  about  J 
posterior ;  scidpture,  26  to  30  strong  narrow  principal  ribs,  and  the 
same  number  of  intermediate  ribs,  the  last  varj-ing  in  prominence 
in  different  specimens,  and  not  appearing  at  all  until  the  shell  is 
well  advanced  in  growth ;  the  ribs  are  cancellated  in  full-grown 
specimens  by  25  to  30  elevated  lines  of  growth,  which  pass  over  the 
secondary,  but  not  over  the  principal  ribs  (fig.  6a\  In  two  very 
perfect  specimens  in  the  Leckenby  collection,  Woodwardian  Museum, 
there  is  a  node  at  every  intersection  (figs.  1,2,2  a).  The  slit  is 
short,  and  placed  rather  te  the  right  of  the  median  line.  D'Orbigny's 
figure  in  the  '  Pal.  Fran§.'  has  this  character  rather  exaggerated ;  and 
it  usually  occupies  a  more  symmetrical  position.  Pictet  and  Cam- 
piche  had  five  examples  under  examination,  in  all  of  which  the  fissure 
deviated.  Amongst  the  number  of  specimens  which  I  have  exa- 
mined, the  fissure,  I  find,  usually  deviates ;  but  the  character  is  not 
constant.  The  slit  is  bordered  on  each  side  by  a  principal  rib  ;  the 
scar  forms,  between  two  of  the  principal  ribs,  a  narrower  region  than, 
the  space  occupied  by  an  intermediate  rib,  and  is  imbricated  trans- 
versely. There  is  no  trace  of  spiral  growth  in  any  of  the  specimens. 
The  cast  is  smooth,  except  at  the  margins,  where  it  bears  impres* 
sions  of  all  the  ribs.  The  line  of  fissure  presents  a  broad  furrow,  ex- 
tending from  near  the  apex  to  the  margin,  in  the  centre  of  which  is 
a  slightly  raised  region  terminating  at  the  fissure  (PL  VIII.  ^g.  2). 

Although  very  distinctly  characterized,  it  has  been  confounded 
with  E,  Ouerangeri,  D'Orb.,  of  the  Chloritic  Marl,  from  which  it  is 
readily  distinguished  by  it«  greater  number  of  ribs. 

Pictet  and  Campiche,  '  Terr.  Cr^t.  de  Ste.-Croix,'  mention  a  va- 
riety which  has  the  primary  and  secondary-  ribs  equally  prominent ; 
there  is  a  similar  example  in  the  Woodwardian  Museum,  from  Don- 
nington,  Lincolnshire,  which  has  about  54  ribs  and  a  median 
fissure,  and  may  prove  distinct  when  more  specimens  are  available. 

There  is  apparently  no  specific  difference  between  the  specimai 
from  the  Atherfield  clay,  and  one  from  Speeton,  in  the  Jermyn-street 
Museum,  named  E,fis8ar%a,  Forbes. 

The  largest  specimen  I  have  seen  is  from  8eend,  and  is  in  the 
British  Museum  (figs.  3,  4),  measuring  L  25  millims.,  b.  18  mil- 
lims.,  ht.  13  millims.,  these  dimensions  being  considerably  in  ex- 
cess of  those  usually  met  with. 

E,  neocomiensis,  D'Orb.,  was  first  described  as  E,  retictdata  by 
Leymerie,  in  1842,  and  was  figured  the  next  year  by  D'Orbigny  in 
the  '  Pal.  Fran^.  Terr.  Cret.'  vol.  ii.  p.  392,  pi.  234.  figs.  4-8,  and 
again  by  Pictet  and  Campeche,  'Terr.  Cret.  de  Ste.-Croix,*  pi. 
xcvii.  figs.  9-11. 

The  species  is  very  generally  distributed  throughout  the  Lower 
Grcensand,  which  it  characterizes,  and  has,  no  doubt,  as  wide  a 
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range  on  the  Continent  aa  it  has  in  England.  Many  Bpecimcns 
haye  been  found  at  Atherfield,  others  at  Bedoliffe,  Isle  of  Wight, 
DeTizes,  East  Shalford,  Sevenoaks,  Seend,  Donnington,  Speeton, 
Furze  Hill,  Farringdon,  &c. 

StoUczka,  in  the  ^  Pal.  Indica/  remarks  that  the  furrow  in  Stib- 
marginula,  Blainv.,  is  lateral,  and  that  this  and  the  other  species 
poesessing  the  lateral  emargination  might  form  a  subgenus.  The 
eharaeter,  howeyer,  is  seen  in  this  species  to  be  inconstant. 

EjOBflnruLA    talansiensis,  Pict.   &   Camp.      LoWer  Greensand. 
PL  Vin.  figs.  7-9. 

The  species  is  described  by  Pictet  and  Campiche  as  being  some- 
irhat  quadrilateral,  and  possessing  26  ribs,  with  intermediate  striae, 
only  the  accessory  ribs  of  E.  neocomitnsis  being  absent.  The  form 
(^  the  scar  on  the  oast  figured  by  them  differs  from  that  of  the  species 
last  described.  Mr.  Meyer  has  found  specimens  at  East  Shalford 
which  may  probably  belong  to  this  species,  but  which  are  unfortu- 
nately too  imperfect  to  determine  with  any  degree  of  certainty. 

ExABeunjLA  pu^fcnmELLA,  sp.  nov.    Lower  Greensand.    PI.  VIII. 
figs.  10, 11. 

Shell  minute,  oval,  cap-shaped,  elevated,  compressed  laterally; 
apex  sharp,  recurved,. overhanging  posterior  margin  ;  sculpture,  30 
ibong  ribs,  cancellated  by  transverse  lines ;  each  interspace  possess* 
ing  two  pits,  arranged  horizontally  in  pairs. 

The  cast  shows  a  fissure  extending  about  \  the  height  of  the 
shell,  leaving  a  deep,  sulcated  scar  on  the  remainder.  This  scar 
possesses  an  elevated  median  region,  with  strong  imbrications  re- 
BembUng  the  teeth  on  a  cog-wheel  {l^g.  11  h).  The  dimensions  are, 
L  7  millims.,  b.  5  millims.,  ht.  4  millims. 

This  species  very  much  resembles  E,  neocomiensis ;  and  the  pits 
on  the  cast  might  be  supposed  to  represent,  in  but  a  very  slightly  mo- 
dified manner,  the  more  quadrate  interspaces  between  the  ribs  and 
striae  of  that  species.  The  shell,  however,  is  higher  and  more  com- 
pressel,  the  fissure  is  relatively  longer,  and  the  scar  approaches 
much  nearer  to  the  apex.  It  appears  to  present  certain  affinities 
with  Rimula, 

The  specimens  figured  arc  selected  from  several  found  by  Mr. 
Meyer  at  East  Shalford,  and  represent  the  shell  natural  size  and 
magnified ;  the  ornamentation  being  drawn  from  a  cast,  is  shown  in 
elevation  instead  of  depression. 

ExiR0T5CLA  Grbssltt,  Pict.  and  Camp.     Upper  Greensand  to  Grey 
Chalk.     PL  Vin.  figs.  12, 13,  16-18. 

Shell  ovate,  or  rounded,  rather  depressed  ;  apex  subccntral  or  | 
posterior,  slightly  recurved ;  sculpture,  about  200  fine  ribs,  crossed 
by  still  finer  transverse  lines,  and  marked  also  by  lines  of  growth. 
The  reticulations,  which  arc  very  delicate,  have  no  nodes  at  the 
intersections.  The  fissure  is  long,  extending  one  fourth  or  more 
between  margin  and  apex,  and  leaving  on  the  rest  of  the  distance 
a  nuaed,  ridge-like  scar,  which  is  sometimes  depressed  centrally. 
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This  species  is  very  variable  in  general  form.  The  largest  speci- 
men figured  measures,  1.  25  millims.,  b.  19  miUims.,  ht.  8  mil- 
lims.  and  was  obtained  from  the  cast-bed  of  the  Grey  Chalk  near 
Dover  (figs.  12,  13).  Another  from  the  Chalk  Marl  of  the  Isle  of 
Wight  is  proportionally  higher,  measuring  19,  14,  and  9  millims. 
respectively  (figs.  16, 17).  Other  specimens  more  nearly  resembUng^ 
Pictet  and  Campiche*s  figure  (Terr.  Cr^t.  de  Ste.-Croix/  pi.  xcviii. 
&g.  10)  are  from  the  Cheddington  Chloritic  Marl  (fig.  10);  whilst 
another  from  IJevizes.is  nearly  orbicular.  These  difierences  of  form 
are,  no  doubt,  partly  caused  by  pressure. 

The  excellent  figure  of  E.  pelfiUfica^  in  Passy's  *  G^l.  de  la  Seine 
Inferieure/  is,  if  any  reliance  can  be  placed  on  figures  unaccompanied 
by  descriptions,  taken  from  a  specimen  of  the  same  species  as  that 
here  figured  from  the  Grey  Chalk;  but  B'Orbigny's  figure  of 
E,  pelagica  has  an  altogether  different  appearance.  I  have  not 
seen  the  original  specimens  ;  but  should  they  be  identical^  Passy's 
name,  published  in  1832,  would  have  priority.  E.  flexuo$a^  De 
Eyckh.,  resembles  our  species,  but  has  the  ribs  flexuous. 

Emaboikvla   MvisiKNSis,  sp.  uov.     Upper  Greensand.     PI.  VIII. 
figs.  19, 20. 

Shell  ovate,  convex  anteriorly,  flattened  posteriorly ;  apex  sub- 
central.  The  cast,  which  alone  is  known,  bears  traces  of  numerous 
ribs,  reticulated  by  lines  of  growth,  the  ribbiug  being  coarser  than 
that  of  E.  Chresslyi,  The  fissure  is  very  short,  leaving  a  deep  and 
wide  depressed  r^on,  very  different  in  appearance  from  the  raised 
fissural  scar  of  the  species  last  described. 

From  Devizes,  now  in  the  British  Museum, 

EnA^BomvLA.  SA.NCUB-CATHARI17J5,  Passy.  Upper  Greensand.  PI.  VIII. 
figs.  21, 22. 

Shell  in  form  like  a  Phrj'f?ian  cap,  compressed  laterally,  convex 
anteriorly,  much  hollowed  out  posteriorly  ;  apex  beak-Hke  and  re- 
curved, overhanging  the  posterior  margin ;  sculpture,  about  28 
ribs,  two  or  three  of  which  are  stronger  than  the  rest,  reticulated 
by  finer  transverse  lines.  The  fissure  is  short,  narrow,  and  very 
distinct ;  fissural  scar  broad,  depressed,  with  a  narrow  central  ridge. 
The  dimensions  of  the  figured  specimens  from  Whitenore  are, 
1.  12  millims.,  b.  9  millims.,  ht.  10  millims.  There  is  no  doubt 
that  our  shell  is  identical  with  the  E,  sanctce-catharincp  of  Passy, 
described  in  the  *  GeoL  de  la  Seine  Inferieure,'  1832,  p.  335,  pi.  xvi. 
fig.  1,  the  fig^iTO,  however,  being  extremely  obscure ;  and  in  the  *  Pal. 
Fran§.*  vol.  ii.  p.  395,  D'Orbigny  describes  the  species  as  possessing 
14  or  15  elevated  ribs,  alternating  with  others  less  prominent. 

In  England  it  occurs  in  the  Chloritic  Marl  of  Wilts  and  Dorset ; 
and  specimens  are  in  the  British  and  Jermyn-streot  Museums.  In 
France  it  is  common  to  the  Mediterranean  basin  and  the  Gulf  of 
the  Loire,  and  has  therefore  a  wide  range.  The  European  E.  rosea 
appears  to  be  its  living  representative. 
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ExAseivvuL  AKdsrRA,  sp,  nov.      Upper  Greensand.     PI.  VIII. 
figs.  23,  24. 

Very  elorated,  Phrygian-cap-shapod,  compressed  laterally,  hoi- 
bwed  out  under  the  beak  in  form  of  a  semicircle ;  apex  much  re- 
car?ed,  pointing  downward  and  projecting  considerably  beyond  tho 
posterior  margin  ;  sculpture,  8  principal  and  about  14  subordinate 
ribs,  reticulated  by  fine  transverse  lines  of  growth,  the  sculpture 
being  most  distinct  anteriorly,  whilst  the  posterior  region  is  nearly 
smooth.  The  fissure  is  long  and  narrow  ;  the  fissural  region  nearly 
flat,  slightly  depressed,  smooth,  and  bordered  by  two  raised  ribs. 

This  wdl-marked  form  is  quite  distinct  from  all  others  of  our 
Cretaceous  rocks.  E,  dubisietisis,  P.  &  C,  resembles  it  slightly,  but 
has  a  more  inrolled  apex,  and  differs  in  its  ornamentation. 

The  species  is  described  from  a  unique  fossil  from  Round  way, 
near  Devizes,  in  the  Bowerbank  collection  at  the  British  Museum. 
E.  aipuliformis,  now  living  in  the  Mediterranean,  is  of  smaller  size, 
but  identical  in  form  with  this  species. 

EMABGDrcrLA    Metebi,    sp.    uov.       Chloritic    Marl.       PI.   VIII, 
figs.  14,  15.  . 

Shell  cap-shaped,  very  elevated,  laterally  compressed,  the  sides 
being  almost  fiat,  convex  anteriorly,  much  hollowed  out  posteriorly ; 
apex  sharp,  beak  like,  recurved,  overhanging  posterior  margin. 
Fissure  short ;  the  fissural  scar  is  broad  and  depressed,  but  with  a 
very  slight  median  elevation  or  ridge.  The  cast  has  traces  of  rather 
coarse  ribs  reticulated  with  transverse  lines,  which  are  closer 
together  than  the  ribs. 

In  general  form  this  shell  rather  resembles  E,  stenosoma^  De 
Byckholt,  but  is  more  concave  in  front  and  rather  longer  in  propor- 
tion to  itfl  elevation ;  E,  steaosoma  has  36  ribs  and  16  transverse 
Hnes,  which  produce  a  vertically  elongated  cancellation,  with  nodes 
at  the  intersections. 

We  are  indebted  to  Mr.  Meyer  for  the  discovery  of  this  and  many 
other  interesting  forms.     It  is  from  near  Lyme  Begis. 

Emargixtjla  trNico8TA.TA,   Secley,  MS.    Upper  Chalk.      PI.  VIII. 
%8.  25,  26. 

Thin,  ovate,  Phrygian-cap-shapei,  compressed  laterally,  hollowed 
out  posteriorly ;  apex  acute,  recurved,  overhanging  posterior  margin  ; 
sculpture  reticulated,  consisting  of  ribs  and  lines  of  growth,  the  ribs 
being  most  strongly  marked  on  the  anterior  region,  whilst  under 
the  apex  they  are  hardly  visible.  The  fissure  is  very  short ;  the 
fissural  scar  is  in  the  form  of  a  ridge,  between  two  narrow  depres- 
aions. 

This  species  verj*  strongly  resembles  E.  sanctcs-cathanncp^  but  is 
more  depressed  and  more  finely  ornamented,  and  the  ribs  are  about 
twice  as  numerous.  They  both  have  affinities  with  E.  localata^  I)e 
Byckh.,  which,  however,  has  fewer  and  las  regular  ribs,  and  with 
E,  Dmri,  P.  &  C 
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It  was  discovered  in  the  Upper  Chalk,  at  Norwich,  and  is  pro- 
served  in  the  Woodwardian  Huseum  at  Cambridge, 

EMABOnnJLA.  APFIN18,  Sby. 

This  is  probably  identical  with  E,  sanctcB^caihannce,    It  is  figged 
in  Dixon's  '  Geology  of  Sussex/ 

PuKCTiTRELiA  AKTiQiTA,  sp.  nov.  Upper  Groonsand.  PL  IX.  figs.  6-9. 

Conical,  cap-shaped ;  apex  blunted,  exccntric ;  anterior  region 
inflated,  posterior  hollowed  out ;  shell  thick,  ornamented  with  about 
60  radiating  ribs,  which  become  finer  towards  the  posterior  region. 
The  cast  presents  posteriorly  a  central  groove  or  depression  extend- 
ing from  margin  to -summit.  In  this  depression  is  a  longitudinal, 
narrow,  fissure-like  scar,  extending  from  the  margin  about  § 
of  the  way  up,  and  terminating  above,  at  the  deepest  part  of  the 
depression,  in  a  small,  raised,  pipe-like  protuberance,  which  has 
filled  in  the  perforation.  The  second  specimen  figured  does  not 
show  the  depression  so  prominently ;  but  in  this  case  the  shell  is  not 
completely  removed,  and  still  partly  filb  it  up ;  the  scar,  however,  is 
present.  The  depression  has  been  caused  by  the  internal  sh^y 
plate,  characteristic  of  thf  genus,  which  answers  probably  a  some-« 
what  similar  purpose  to  that  of  the  internal  septum  in  other  genera. 
Some  of  the  Eocene  FlssureTl^  are  also  thickened  at  the  foramen, 
which  is  then  exccntric  ;  but  in  Fissurella  the  fissure,  if  not  apical, 
is  immediately  under  and  in  front  of  the  apex,  whilst  in  Punctu- 
rella  it  is  always  placed  behind  the  apex. 

These  specimens,  which  are  from  Devizes,  are  of  especial  interest, 
as  they  carry  far  back  into  Cretaceous  times  a  genus  which  had 
hitherto  not  been- met  with  fossil  except  in  Glacial  deposits.  There 
are  but  few  living  Puncturell<e ;  P,  mcuJluta^  from  Oregon,  is  the 
nearest  known  representative  of  our  species.  The  specimens  are 
in  the  British  Museum. 

The  genus  Fissurella  is  not  represented  ;  and  its  absence  is  the 
more  remarkable  as  nine  species  are  recorded  from  foreign  Creta- 
ceous rocks,  and  it  is  well  represented  in  the  Tertiaries.  It  may  bo 
noticed,  as  a  possible  explanation  of  the  absence  of  both  Patella 
and  Fissurella y  that  the  strictly  littoral  habits  of  these  two  great 
genera  may  have  precluded  their  being  buried,  under  ordinary  condi- 
tions, with  other  Mollusca,  in  the  deeper  Cretaceous  seas.  The  genus 
Emargimda^  on  the  contrary,  is  a  deep-water  form,  and  is  found 
more  or  less  abundantly  in  most  of  the  divisions  of  the  Neocomian, 
Upper  Grcensand,  and  Chalk.  Its  absence  in  the  Gault  is  confirma- 
tory evidence  of  the  shallowness  of  that  sea,  whilst  its  presence  in 
the  Upper  Gault  of  Switzerland  agrees  with  the  character  of  the 
associated  fauna.  The  scarcity  of  living  species  of  Emarginula  and 
their  former  abundance,  has  led  to  the  idea  being  expressed  by 
several  authors  that  it  is  dying  out  and  being  replaced  hy  Fissurella, 
The  genus  Jthnula^  not  uncommon  in  the  Oolitea,  is  still  unrepre- 
sented in  subsequent  rocks  until  it  is  met  with  in  the  Tertiaries. 

The  family  of  SiphonariidsB  is  only  represented  in  Cretaceous 
times  by  *S^,  antiqua,  Binkhorst,  from  the  Upper  Chalk  of  Limbuig* 
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CALYPTILEID-^. 

Caltptrjka  Cooksonls,  Scoley.    Gault. 

Shell  elevated,  cap-shaped,  wider  than  high,  longer  than  wide, 
inflated,  rounded  anteriorly,  flattened  posteriorly ;  apex  posterior, 
leeiuTed;  septal  scar  variable,  reetangnlar  or  U-shaped,  narrow. 
The  east  only  is  known,  which  is  marked  by  fine  lines  of  growth. 

This  shell  is  known  only  from  Cambridge,  where  it  is  frequently 
found  inside  the  last  chambers  of  Cephalopoda. 

It  was  figured  in  1861  by  Seeley,  in  the  'Ann.  and  Mag.  of  Nat. 
Hist'  as  a  Crepidula,  and  almost  at  the  same  time  by  Hotet  and 
Campiche  as  CcUy^trcea  sanctce'Crucis.  Seeley 's  name  would  seem 
to  have  priority,  as  that  part  of  Pictet's  work  was  published  after 
1861. 

The  form  of  the  scar  indicates  a  relationship  with  Calypircea 
rather  than  Crepidula.  Pictet's  figures,  if  really  of  one  species, 
show  the  shell  to  be  variable  in  height  and  in  the  form  of  the  scar. 
Farther  specimens  may  unite  it  with  CrepidvUa  gaultina^  Buv. 

CALTFTRiBA  COIfCBNTRICA,  Sp.  UOV.      Gault.      PL  VII.  figS.  27-30. 

Unsymmetrical,  cap-shaped,  irregular,  elevated;  sulcatcd  con- 
centrically, like  an  Inoceramus,  without  radiating  marks  ;  apex  re- 
curved, acute,  projecting  beyond,  and  overhanging,  jwsterior  margin. 

This  shell  bears  so  great  a  resemblance  to  Inoceramus  eoncentncus 
that  it  has  been  hitherto  overlooked  by  all  collectors.  The  mimicry 
by  this  and  other  Calyptrseidss  of  the  prevailing  Monomyarian  bi- 
valves of  the  age  in  which  they  lived,  is  continued  at  the  present  day, 
as  in  the  cases  of  Caltfjptrcea  niveata^  Lessoni^  plana,  dilatata,  squa^ 
mosa,  fimhriata,  and  mauy  others,  which  can  hardly  be  distinguished 
from  small  species  of  oysters.  This  mimicry,  we  may  suppose,  is 
protective,  and  enables  the  moUusk,  which  from  the  thinness  of  its 
shell  might  otherwise  bo  selected  by  the  boring  camivora  in  pre- 
ference to  the  thicker-shelled  Ostrece,  to  escape.  Other  deep-water 
limpets  are  peculiarly  open  to  attacks  of  this  kind.     . 

Specimens  are  not  uncommon  in  the  nodule-bed  of  the  Gault  at 
Polkestone. 

Caltptrxa  Geataita,  Tate.    Chalk.     PL  VII.  fig.  25. 

"  Shell  ovate,  conical,  elevated,  summit  slightly  recurved,  orna- 
mented by  numerous  angular  raised  ribs,  decussated  by  fiexuous 
and  inequidistant  lines  of  growth.'' 

The  description  is  taken  from  the  'Quart.  Joum.'  voL  xxi.  (1865), 
p.  38,  pi.  iii.  figs.  8,  8  h.  Theae  figures  are  twice  nat.  size,  and  are 
inaccurate  in  this  respect,  that  they  represent  the  lines  of  growth 
which  decussate  the  ribs  too  regularly  arranged,  there  being  in 
reality  only  occasional  and  very  irregular  lines  of  growth.  The  ribs 
or,  more  properly,  strise  are  dmost  invisible  without  the  aid  of  a 
lens,  there  being  as  many  as  thirty  to  every  5  millims.  breadth  of 
fihell,  with  interspaces  between  them  of  about  three  times  the 
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width  of  the  ribs.     The  scar,  which  is  immediately  under  the  apex, 
is  very  open,  and  is  unsymmetrical. 

The  specimen  is  from  the  Upper  Chalk  of  Kilcorrig,  Lisbum,  and 
is  preserved  in  the  Jenny n -street  Museum. 

Crbpidula  gaultina,  Buvignier.     Gault.     PL  Til.  figs.  21-23. 

Shell  small,  thin,  suborbicular,  inflated  and  rounded,  sometimes 
as  high  as  wide,  more  frequently  depressed ;  smooth,  without 
radiating  lines,  but  with  irregular  folds  of  growth ;  apex  minute, 
posterior,  in  front  of  the  septum,  spiral,  easily  detached,  marked 
with  strong  lines  of  growth.  The  scar  seen  on  the  cast^  is  directly 
under  the  apex,  and  resembles  a  widely  opened  V,  or,  more  cor- 
rectly, a  distant  hird  in  flight.  The  position  of  the  septa  can  be 
traced  externally  on  the  shell  itself  by  slight  ridges.  The  fry  was 
perfectly  helicoid  and  finely  ribbed. 

It  is  found  in  the  Gault  of  Folkestone,  and  at  Cambridge,  attached 
to  shells  of  Ammonites,  and  has  been  met  with  in  the  Gault  of 
France  and  Switzerland. 

It  has  been  figured  by  Buvignier,  in  the  '  Stat,  de  la  Mouse,*  by 
Pictet  and  Campiche,  and  by  Jukes-Browne  (Quart.  Joum.  Gcol. 
Soc,  May  1875). 

The  depressed  form  only  has  been  met  with  as  yet  at  Folkestone ; 
but  the  amount  of  depression,  depending  entirely,  as  it  does,  on  the 
position  in  which  the  shell,  when  living,  was  fixed,  has  no  specific 
value.  A  larger  series  may  unite  the  species  with  Calyptnza  Cook- 
sonioi, 

Crepidula  alta,  Seeley.     Gault. 

Shell  smaller,  and  relatively  higher  than  that  of  C.  gaultina^ 
with  the  septal  scar  less  open. 

This  is  the  Oalericulas  altus  of  Seeley,  a  genus  founded  on  a 
unique  specimen  in  the  Woodwardian  Museum.  The  genus  Galeri- 
cuius  is  characterized,  according  to  Seeley,  by  a  second  septum 
near  the  base  of  the  shell.  The  scar  considered  to  indicate  this 
septum,  however,  is  very  much  to  the  right  of  the  median  line,  and, 
as  already  pointed  out  by  Jukes-Browne,  is  probably  an  accidental 
indentation,  as  it  is  difficult  to  see  the  use  of  a  second  septum  in  the 
economy  of  the  living  mollusk,  and  nothing  analogous  exists  in 
recent  genera.  The  figure  and  description  are  in  the  *  Ann.  and 
Mag.  Nat.  Hist.'  for  April,  1861.  It  may,  probably,  be  only  a 
variety  of  C,  gaultina,  and  should,  I  think,  be  eventually  removed 
from  our  list. 

Crepidula  cham^formis,  sp.  nov.     Lower  Greensand.      PL  TIL 
figs.  12-14. 

Unsymmetrical,  capuliforra,  depressed  ;  apex  posterior,  recurved, 
spiral  (?),  projecting  beyond  the  margin  ;  posteri(»r  region  much 
excavated  under  the  apex ;  aperture  irregular ;  surface  rugose,  with 
lines  of  growth. 

This  shell  is  very  like  C,  grandh,  from  Japan,  and  resembles  a 
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Ckama  in  aspect ;  its  mimicry  of  the  Neocomian  Exogyra  is  almost  as 
remarkable  as  that  of  the  common  Gault  Inoceramus  by  Calyptrcea 
eoneentrica,  A  nnique  specimen,  from  Donnington,  is  preserved  in 
the  Cambridge  Mnseum.  CrepiduLcn  first  appear  in  Cretaceous 
rocks. 

CBrcEBrLUM  GiGunTuii,  sp.  nov.     Lower  Greensand.     PL  IX.  figs. 
1,2;  PI.  VIL  figs.  3,  4. 

Orbicular,  patelliform,  depressed,  height  equal  to  ^  the  length  ; 
apex  obtuse,  central  or  subcentral ;  posterior  region  slightly  hol- 
lowed out,  anterior  very  slightly  concave  ;  surface  irregularly  marked 
with  lines  or  folds  of  growth,  without  ribs.  The  scar  is  deeply 
impressed,  and  extends  sinuously  from  near  the  margin,  about  Li.^- 
way  to  the  apex,  forming  a  sharp  bend,  something  like  a  Greek 
epsilon. 

The  larger  specimen  shows  only  a  slight  depression  along  the 
ficar-Une,  but  appears  to  be  specifically  the  same  as  the  one  from 
Shanklin,  although  it  has  the  apex  less  central.  The  larger  speci- 
men is  from  H3rthe,  and  in  my  collection  ;  the  smaller,  from  Shankliu, 
is  in  the  Jermyn-street  Museum. 

The  genus  is  here,  for  the  first  time,  recorded  as  Cretaceous. 

CAPULID^. 

PiLBOPsis  KEOCOMiENsis,  sp.  uov.      LowcT  Grccnsand.      PI.  VII. 
figs.  1,  2. 

Orbicular,  depressed ;  rather  compressed  laterally,  giving  the 
aperture  a  slighUy  pentagonal  aspect ;  apex  small,  acute,  recurved, 
not  spiral,  about  \  posterior ;  surface  irregularly  marked  with  con- 
ceatric  lines  of  growth,  with  a  texture  similar  to  that  of  Ottrea, 

The  shell  is  from  the  Tealby  limestone  of  Donnington,  and  is  in  the 
Woodwardian  Museum ;  the  surface  is  pitted  by  the  pisolitic  iron- 
stained  grains  which  largely  compose  the  matrix  of  the  stone  in 
which  it  was  found.  It  is  an  undoubted  Pileopsis^  and  strongly  re- 
sembles the  British  P.  ungarica, 

PitBoPBis  DUBiA,  sp.  uov.     Gault.     PI.  VII.  fig.  24. 

Shell  thin,  orbicular,  scutiform,  verj'  depressed,  with  minute 
flexnous  striae ;  apex  subcentral,  spiral  (?).  The  muscular  impres- 
sion can  be  traced  ;   and  there  is  no  sign  of  septum. 

The  specimen  upon  which  the  present  species  is  founded  is  unique. 
It  was  obtained  at  Folkestone,  and  is  in  my  collection.  It  resembles 
PateUoidta^  which  has  not  hitherto  been  noticed  fossil. 

PitBopsis  Seeletaka,  sp.  nov.  Upper  Greensand.  PI.  VII.  figs. 
5-7. 
Shell  rather  thick  and  suborbicular,  scutiform,  depressed ;  apex 
subcentral,  slightly  anterior  ;  margin  entire,  laminated  ;  shell  very 
finely  and  evenly  striated,  the  striae  being  only  visible  by  aid  of  a 
strong  leus. 
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This  is  the  only  patelUform  Gastropod  from  the  well-known 
Blackdown  beds,  and  b  unique.  The  original  is  in  the  British. 
Museum. 

The  shells  of  PileopsU  are  very  variable,  attaching  themselves  to 
foreign  objects,  of  which  they  frequently  take  the  impression,  as  in 
the  case  of  strongly  radiated  bivalves  &c.  P.  sqitamaformts,  from 
the  Paris-basin  Eocene,  takes  the  crescentic  form  of  the  aperture  of 
Fxisits  hmgcevus  when  fixed  inside  the  aperture  of  that  shell.  The 
genus  is  peculiarly  interesting  geologically,  being  the  nearest  repre- 
sentative of  the  Silurian  cap-shaped  sheUs,  which  range  upwards  to 
the  lias.  Although  absent  in  the  Jurassic,  it  is  well  represented 
in  the  Lower  Cretaceous  rocks,  Pictet  and  Campiche  enumerating 
ten  species  in  their  list. 

HiPPONTx  DixoNi,  Deshayes.    Fpper  Greensand  and  Chalk.    PI.  IX. 
figs.  12, 13. 

Shell-base  in  the  form  of  a  solid  cylinder  of  irregular  growth,  at 
the  extremity  of  which  is  apparent  the  peculiar  muscular  impres- 
sion special  to  the  genus  Ilipponyx. 

The  name  was  suggested  by  Deshayes  for  the  irregular  body 
figured  in  Dixon's  *  Geology  of  Sussex,'  pi.  xxvii.  fig.  8,  without 
specific  description  or  name.  Similar  specimens  are  not  uncommon 
in  the  White  Chalk,  and  are  preserved  in  most  collections.  Eocene 
and  Recent  forms  alike  sometimes  deposit  a  series  of  bases,  one  over 
another,  but  none  to  the  same  extent,  or  so  shiftiugly,  as  appears  in 
the  Cretaceous  form.  It  may  be  that,  as  at  the  bottom  of  the  Chalk 
sea  stones  or  rocks  were  rare,  the  excessive  and  heavj'  deposit  served 
the  animal  in  lieu  of  them,  and  formed  an  anchorage ;  the  shifting 
may  have  taken  place  to  escape  burial  or  silting-up.  The  Greensand 
specimen  from  Cambridge,  in  the  "NVoodwardian  Museum,  is  very 
solid,  the  last  base  being  deeply  hollowed  out,  like  a  basin. 

The  genus  makes  its  first  appearance  in  Cretaceous  rocks,  and  is 
met  with  in  the  Chalk  of  Normandy  and  the  Maestricht  limestone. 
Capidus  dunJceriamis,  D'Orb.,  is  the  only  upper  valve  yet  discovered 
which  could  belong  to  these  bases . 


EXPLANATION  OF  THE  PLATES. 
Plate  VII. 

Figs.  1,  2.  PiUopsis  neoconilensfs,  ep.  dot.    Lower  Greensand.    Tealby ; 

Woodwardian  Museum. 
Figs.  3,  4.  Crucibidum  giganUmn,  sp.  noT.    Neooomian,    Shaaklin ;  Jer- 

myn-street  Museum. 
Figs.  5.  6,  7.  PiUopsis  Seeleyam,  sp.  no?.    BlackdowTi ;  British  Museum. 

(Fig.  5,  mapified.) 
Figs.  8,  9.  Helcton  Mei/eri,  sp.  nov.    Magnified.    Lower  Qreensand ;  Mr. 

Meyer's  collection. 
Figs.  10,  11.  The  same,  natural  siEe, 
Figs.  12,  13,  14.  Creptdula  chamo'formis,  sp.   nor.     Neocomian,  Seend ; 

British  Museum. 
Figs.  15,  16.  Scurria  calypiritiformis^  sp.  nor.    British  Museum. 
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Fig.  17.  Scurria  depresaa,  sp.  hot.    Sftine  locality. 

Rg.  18.  Tectura  tmuUtriata,  Seeley.    Ghiult,  Cambridge;  Woodwardian 

Moaeum. 
Pigg.  19,  20.  Tectura  temicosia,  D*Orb.     Gault,  'Folkertone ;  Gardner 

collection. 
¥igB.  21,  22, 23.   Crepiduld  ffaultina,   BuYignier.      Gault,    Folkestone  ; 

Gardner  collection. 
Fig.  24.  PiUt^pna  duhia,  ap.  nor.    Ghuilt,  Folkeitone ;  G^ardner  ooUeotion. 
Fig.  25.  (Myptraa  Grot/ana,  Tate.    Upper  Chalk,  Ireland ;  Jermyn-etreet 

Moaeum. 
fig.  26.  Helcum^m.l    Buck  HiU,  Bedfordshire,  probably  dorired  from 

the  Kimmeri(%e  Clay. 
Figs.  27,  28,  29,  30.  Calyptraa  concentriea,  sp.  nor.    Gault,  Folkestone. 

Plate  Vnr, 

Fig.  1.  Emarginula  neocomiensis,  B'Orb.     Keooomian  specimen  from  tlie 

Leckenby  collection.    Atherfield. 
Pig.  2.  Ditto,  side  view. 
Fig.  2  a.  Part  of  same,  enlarged. 

Fig.  3.  Ditto,  specimen  from  the  British  Museum.    Seend. 
Fig.  4.  Ditto,  side  Tiew. 

Figs.  5.  6.  Specimens  from  the  Jermjm-street  Museum.    Atherfield. 
Fig.  6  a.  Part  of  same,  enlarged. 
Figs.  7,  8,  9.  Emarg^iUa  valanoiensis^  Pict.  &  Camp.    Neocomian.    Mr. 

Meyer's  collection.    East  l^alford. 
Figs.  10,  11.  Emarginula  pufictureUat  sp.  nov.    Neocomian.    Mr.  Meyer^s 

collection. 
Figs.  11  a,  1 1 6,  11  c.    The  same,  enlarged. 
Figs.  12,  13.  Emarginula  Gresslyi,  Pict.  &  Camp.    Grey  Chalk,    Gardner 

collection. 
Figs.  14, 15.  Emarffmula  Meyeri,  sp.  nor.    Chloritic  Marl,  Lyme  Begis. 

Mr.  Meyer's  collection. 
Figs.  16, 17.  JEl  Gresslyi*    Lower  Chalk,  Isle  of  Wight.    Jermyn-street 

Museum. 
Fig.  18.  Ditto.    Upper  Greensand,  DeTizes.    Jermyn-street  Museum. 
Fig^  19,  20.  E.  divisiensis,  sp.  noT.     Upper  Greensand,  Devizes ;  British 

Museum. 
HgB.  21,  22.   £L  9anct4e<atharifUBt  Passy,  from    the   Chloritic  Marl  of 

Whitemore ;  Jermyn-street  Museum. 
Figs.  23,  24.  E.  aneistra,  sp.  nov.     Upper  Greensand,  Boundway,  near 

Devizes ;  Britwh  Museum. 
Fig^  25,  26.  E.  unicostata,  Seeley,  MS.    Upper  Chalk,  Norwich  ;  Wood- 
wardian Museum. 
Fig.  27.  Tectura  plana,  sp.  nov.,  nat.  size.     Neocomian.     Mr.  Meyei^a 

lection. 
Figs.  28,  29.  The  same,  enlarged. 

Plate  DC. 

Figs.  1,  2.  Cntcihulim  giganteumy  sp.  nov.  Neocomian,  Hythe ;  Gardner 
collection. 

Figs.  3,  4,5.  Animmyon  vectls,  sp.  nov.  Neocomian,  Atherfield;  Wood- 
wardian Museum. 

Rgs.  6,  7,  8,  9.  Puncturella  antiqua,  sp.  nov.  Upper  Greensand,  Devizes ; 
British  Museum. 

Rgs.  10, 11.  Tecfura  formosa,  sp.  nov.  Lower  Greensand,  Shanklin.  Mr. 
Meyer's  collection. 

Pigs.  12, 13.  Hipponyx  Dixoni,  Deshayes.   Chalk ;  Jermyn-street  Museum. 
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Discussion. 

Prof.  Sbelet  remarked  that  the  paper  raised  questions  both  largo 
and  small.  The  author's  inferences  vr'fh.  regard  to  depth  of  seas 
and  questions  of  old  physical  geography  were  of  great  importance, 
if  they  could  be  established.  He  infers,  from  the  presence  of  cer- 
tain shells,  that  the  Gault  was  deposited  in  shallow,  and  the  Green- 
sand  in  deep  water ;  but  this  was  opposed  to  aU  evidence  of  a  phy- 
sical kind,  and  was  therefore  untrustworthy.  Coarse  deposits  are 
formed  near  the  shore,  and  finer  ones  at  greater  distances ;  there- 
fore the  Gault  must  have  been  formed  in  deeper  water  than  the 
Upper  Greensand.  Prof.  Seeley  also  maintained  that  the  occurrence 
of  similar  species  did  not  necessarily  imply  similarity  of  conditions, 
and  that  therefore  no  inference  as  to  physical  conditions  could  be 
drawn  from  extinct  species  of  marine  fossils. 

Mr.  Charlesworth  made  a  comparison  of  the  old  limpeta  with 
those  of  the  present  day,  and,  in  connexion  with  the  author's  re- 
marks upon  the  apparent  mimicry  presented  by  the  Cretaceous 
species,  stated  that  neither  in  the  later  Tertiary  deposits  which  he 
had  especially  studied,  nor  on  existing  beaches,  had  he  ever  found  a 
limpet  bored  by  carnivorous  Gastropoda  after  their  well-known 
fashion. 

Mr.  Meter  said  that,  with  respect  to  the  comparative  depths  of 
the  Gault  and  Greensand  seas,  he  agreed  with  the  author,  for  two 
reasons: — one  derived  from  the  fauna,  namely  that  Brachiopoda, 
which  are  usually  held  to  be  inhabitants  of  deep  water,  abound  in 
the  Greensand,  but  are  almost  entirely  absent  in  the  Gault;  the 
other  from  the  mineral  condition  of  the  two  deposits,  as  he  believed 
that  while  the  immediate  shore-line  of  the  Greensand  was  rocky,  in 
part  Portlandic,  yielding  sand  rather  than  day,  the  shore-line  of 
the  Gault  was  mainly  Kimmeridgian,  pelding  clay  rather  than  sand. 
This  would  partly  account  for  the  diiference  in  mineral  condition. 

Mr.  Price  said  that  in  estimating  from  palseontological  data  the 
approximate  depth  of  the  Gault  sea,  he  found  that  the  lower  part  of 
the  formation  was  deposited  in  shallow  water,  the  middle  in  deeper, 
and  the  upper  part  in  still  deeper  water,  until  the  oceanic  conditions 
of  the  Chalk  were  nearly  reached. 

The  Attthor,  in  reply,  said  that  he  could  not  agree  with  Prof. 
Seeley.  The  Greensand  of  Cambridge  and  Blackdown  possess  none 
of  these  Mollusca;  and  the  Greensand  of  Warminster,  with  its 
numerous  Echini,  is  certainly  a  deep-water  formation.  The  Gault 
is  known  to  be  a  shallow-water  deposit.  At  the  same  time  it  was 
to  be  admitted  that  our  knowledge  of  the  Cretaceous  Limpets  is  ex- 
ceedingly imperfect,  a  great  number  of  the  species  described  being 
founded  on  unique  specimens.  He  regarded  the  Limpets  as  repre- 
senting the  most  ancient  form  of  the  Gastropod  shell,  the  simple 
capuliform  shell  gradually  passing  into  the  convoluted  form,  such  as 
BdUropTion,  which  Pictet  had  included  among  the  Limpets.  The 
persistence  of  the  type  is  therefore  exceedingly  remarkable. 
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12.  On  the  Silurian  Grits  o/Corwex,  Xorth  Wales.     By  Prof.  T. 
ITcKexxt  Hughes,  M.A.,  F.G.S.     (Read  December  20,  1876.) 

I  BEG  to  offer  a  few  notes,  made  chiefly  in  the  snmmer  of  1876, 
-while  endeavouring  to  correlate  the  base  of  the  Silurian  rocks  of 
North  Wales  with  the  corresponding  beds  in  the  Lake-district  and 
South  Wales. 

I  found  that  some  important  changes  in  the  mapping  and  conse- 
quent classiiication  of  the  rocks  in  the  neighbourhood  of  Corwen 
were  necessary.  These  corrections  being  made,  I  obtained  a  key  by 
which  I  was  able  to  detect,  over  the  whole  of  the  dbtrict  I  then 
examined,  a  very  variable  but  yet  a  more  satisfactory  and  easily 
recr^nized  base  for  the  Silurian  rocks. 

It  will  be  seen  by  reference  to  the  Geological-Survey  map  of  the 
Corwen  district,  that  the  Denbigh  Grits  are  represented  as  thrown 
down  by  a  fault  (running  W.S.W.  and  E.N.E.),  while  no  Grits  are 
are  shown  on  the  map  between  this  and  Pennyglog  Quarry. 

I  found,  however,  that  the  Grits  at  Corwen  were  not  the  Denbigh 
Grits,  as  seen  e.  g.  on  top  of  the  Flags  at  Penyglog  Quarry  E.S.E. 
of  Corwefi,  but  that  the  Corwen  Section  is  as  follows  (fig.  1)  : — 

Fig.  1.  Diagram  Section  from  Corwen  to  Penyglog. 

Corwen.       caweddu.  Nant  Lleohog.       Fenjglog. 


The  section  runs  from  W.N.W.  to  E.S.E.  from  Corwen  to  Nantcaweddu, 
then  nearly  W.  to  E.  lo  Nant  Llechog,  thenoe  E.N.E.  to  Penyglog, 
f,  f.  Denbigh-Flag  eeries.  g.  Grit  in  Denbigh-Flag  atineti, 

Jk.  Band  of  nodules  near  base  off. 

k.  Pale  slates  (including  part  of  what  was  preriously  called  Bala). 
/.  Corwen  Grit.  m,  Bala  beds. 

The  nearly  vertical  Grits  of  New  Corwen  seem  to  be  brought 
in  by  faults,  two  of  which  are  pretty  clear.  South  and  east  of  these 
faults  there  are  two  large  quarries  near  the  church — one  in  Bala 
beds,  which  have  }ielded  Stygina  latifronSy  lUoeyius  Davisii,  Gtauco- 
nome  distichuy  Atryjpa  marginalise  various  species  of  Orthisy  and 
corals. 

The  other  quarry  is  a  little  further  west.  In  it  the  Grits,  to 
which  I  propose  to  give  the  name  of  the  "Corwen  Grits,"  are 
worked,  chiefly  for  road-metal.  These  are  obviously  thrown  down 
by  a  small  fault  from  the  grits  seen  in  the  cliff  immediately  to  the 
south. 
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In  this  cliff  I  picked  them  up,  and  traced  them  S.W.  for  some 
distance  in  the  bed  of  the  stream  that  runs  down  Nantcaweddu. 
Here  they  begin  to  show  a  very  variable  character.  In  one  place 
just  south  of  the  moorland  boundary-wall,  they  contain  quartz 
pebbles  from  the  size  of  a  pea  to  that  of  a  hen's  egg.  In  another 
they  run  into  fine  sandstones.  I  here  obtained  one  fossil  from  the 
coarser  part,  which,  though  not  well  preserved,  can  with  great  pro- 
bability be  referred  to  Favosites  alveolaris.  At  about  one  mile 
south  of  Corwen  a  slight  fold  throws  the  Grit  outcrop  about  ^ 
mile  to  the  east,  beyond  which  I  followed  it  west  of  the  shooting- 
box  known  as  Liberty  Hall,  and  lost  it  south  of  Moel  Eema«  Along 
this  line  it  is  frequently  very  thin  and  is  generally  of  a  finer  texture 
than  in  Nantcaweddu,  being  very  often  a  grey-and-white  sandstone 
with  wavy  lines  of  bedding  and  subordinate  patches  and  lines  of 
slate. 

To  return  to  Corwen.  The  Grit  runs  along  the  cliff  south  of 
the  rectory  to  Nant  Ilechog,  where  it  may  be  seen  rolling  towards 
the  north,  the  stream  following  the  face  of  the  beds  along  some  of 
the  folds  for  a  considerable  distance.  It  is  then  lost  under  the  drift 
and  talus  north  of  Fenyglog.  Nearly  south  of  Bonwmuchaf  the 
Grit,  which  is  rather  coarse,  weathering. yellow  or  white,  contains 
what  look  like  fragments  of  cleaved  slate ;  but  this  is  not  dear,  as 
elsewhere  it  certainly  contains  small  pans  and  lenticular  patches  of 
mud ;  and  these,  when  pinched  up  in  a  bed  of  different  lithological 
characters,  such  as  sandstone  or  grit,  might  often  appear  like  included 
fragments,  and  have  cleavage  produced  in  them  alone.  In  such 
cases  there  is  generally  a  kind  of  uniformity  in  the  direction  of  the 
cleavage-planes ;  but  when  tho  cleavage-planes  of  the  included 
pieces  of  slate  lie  in  all  directions,  the  probability  is  that  they  are 
fragments  of  a  previously  cleaved  rock. 

Along  this  line  of  section  the  Grits  are  frequently  seen  overlying 
Bala  Shale,  in  which,  immediately  below  the  Grit,  I  found,  in  one 
place,  Orthie  Actmio!.  In  the  Grit  itself  here  I  have  found  only 
some  undeterminable  fragments  of  Orthis  and  Petraia, 

In  Nant  Uechog  the  Grit  is  represented  by  a  white  saccharoid 
sandstone,  sometimes  ripple-marked  and  fake-bedded,  sometimes 
with  blade  lines  and  bands  of  slate  in  it,  at  others  quite  homo-^ 
geneous.  In  several  places  along  this  line  of  outcrop  I  noticed  in 
the  Bala  beds  a  kind  of  double  cleavage,  to  be  referred  to  two 
successive  movements  causing  lateral  pressure,  not  in  the  samo 
direction,  and  giving  to  the  rock,  when  viewed  across  the  broken 
edges  of  the  cleavage-planes,  an  elongated  lozenge-shaped  structure. 
In  the  series  overlying  the  Grit  there  seemed  to  be  but  one  deavage. 
I  could  not  make  out  the  original  directions  of  these  several  move- 
ments, as  it  was  dear  that  there  had  been  many  subsequent  disturb- 
ances in  that  area  which  had  affected  both  the  singly  and  doubly 
deaved  rocks — such  as,  for  instance,  the  great  movements  which  let 
in  the  Hafodycalch  Mountain-limestone,  which,  with  its  associated 
shale,  is  not  cleaved.  This  test  of  double  and  single  cleavage  cannot 
be  expected  to  hold  everywhere,  as  it  must  frequently  happen  that 
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the  direction  of  the  second  piesBnre  may  coincide  with  that  of  the 
first ;  and  thongh  perhaps  the  resnlt  may  he  more  intense  deavage 
in  the  prcTionslj  cleaved  rocks,  no  crossing  of  deavage-planes  could  he 
prodn<^ ;  and,  moreover,  in  cases  where  the  second  cleavage  b  very 
intense,  or  the  rock  very  susceptible  of  cleavage,  this  would  entirely 
oUiterate  all  previously  existing  divisional  planes,  as  notably  in  the 
volcanic  slates  of  the  Lake-district,  where  we  find  joints  and  faults 
quite  healed,  and  the  rock  splitting  along  the  cleavage-planes  only. 

Hie  beds  below  the  Grits  are,  as  a  rule,  bluish  rah,  i.  e.  a  shivery 
mudstone  breaking  along  bedding,  joints,  and  imperfect  or  double 
cleavage  into  irregular,  often  somewhat  prismatic  fragments.  Fre- 
quently, however,  these  beds  have,  especially  where  much  weathered, 
a  pale  grey  colour,  much  resembling  that  of  the  beds  above  the  Grits. 
This  may  perhaps  be  because  they  are  derived  direcUy  from  the  fel- 
spathic  ash  of  some  volcanic  district,  while  the  Silurian  beds  above 
ti^e  Grits  have  been  formed  later  on  from  the  waste  of  such  beds. 

These  pale  beds  above  the  Grits  pass  up  into  the  "  Pale  Slates  "  of 
the  Survey,  which  in  turn  pass  up  into  the  striped  flaggy  Slates  of 
Pcnyglog,  on  the  top  of  which  come  Grits  to  be  referred  to  the  true 
Denbigh  Flag-  and  Grit-series,  and  which  I  traced  for  about  two  miles 
to  tiie  N.  side  of  Moel  Fema.  In  the  flaggy  Slates  I  found  Orajpto- 
Uihus  priodon^  Cyrtograpgus  Murehisoniy  and  RetioliUSy  sp.,  with 
Orikoeer€L9  primcgvum  and  0,  subunduUUum,  I  again  found  some 
Graptolites  in  a  small  watercourse  N.E.  of  Moel  Fema,  on  what 
seemed  to  be  the  same  horizon.  The  dip  is  here  about  10%  N.£.  to 
N.N.E.,  and  the  cleavage  SO*'  N.  I  would  here  acknowledge  much 
useful  information  which  I  got  from  Mr.  Phillips,  of  the  Penyglog 
Quarries. 

I  thai  tried  to  apply  i^  key  to  other  districts. 

First,  then,  there  is  a  patch  of  Bala  coming  in  south  of  the  fault 
near  Bryn  Gorlan,  at  the  south  end  of  the  Vale  of  Clwyd,  as  shown 
in  the  section  (fig.  2). 


Fig.  2.  Section  at  Bryn  Oorlan,  Vale  of  Clwyd. 

XJaaiair-  Brrn 

djAyndwyd.  Oorli 


a.  New  Rod.        b.  Basement  bed  of  New  Red,  Bometimes  conglomeratic. 
e.  C3toboniferou8  Sandstone,  generally  stained  red.    d.  Mountain  Limestone. 
#.  Buement  bed  of  Mountain  Limestone  (shale,  sandstone,  and  conglomerate). 

k  Pale  dates  (moladine  part  of  what  was  prerionsly  called  Bala). 
/.  Ootwm  Grit        m.  Bala  beds. 

Here  I  found  at  the  north  end  the  Denbigh  Flags.  These  may 
be  examined  along  the  road  to  lianf  airdyflfrynclwyd,  where  Grapto- 
lites (chiefly  O-  priodon)  occur.    South  of  the  Bryn-Gorlan  fault  we 
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conformity  in  the  Corwen  area  between  the  Lower  Grits  and  the 
underlying  Bala  beds  in  any  of  the  sections  he  had  examined ;  and 
he  was  inclined  to  believe  that  this  area  remained  under  water 
during  nearly,  if  not  quite,  the  whole  period  that  the  more  central 
parts  of  Wales  were  above  sea -level.  No  one  had  attempted  to 
deny  that  there  was  marked  unconformity  in  the  Longmyod  and 
some  other  districts  between  the  May-Hill  Sandstones  and  the  un- 
derlying rocks ;  but  the  beds  which  could  in  any  way  be  classed 
with  the  Llandovery  rooks  attained  there  only  to  a  few  hundred 
feet  in  thickness  at  the  most,  whilst  thousauds  of  feet  represent 
that  period  in  South  Wales,  and  apparently  also  in  parts  of  Den- 
bighshire. 

Mr.  HopKnrsoir  gave  a  list  of  Graptolites  he  had  found  in  the 
flaggy  slates,  which  included  forms  characteristic  of  beds  at  the 
summit  of  the  Coniston  Mudstones  or  the  base  of  the  Ck)niston 
Flags,  and  stated  that  a  similar  series  occurred  in  equivalent  beds 
in  Scotland. 

Prof.  Hughes,  in  reply,  pointed  out  that  the  Graptolites  found 
in  the  slates  of  Penyglog  were  not  those  of  the  Graptolitic  Mud- 
stones  or  Stockdale  Shales,  but  agreed  exactly  with  those  of  the 
Coniston  Flags.  So  also  near  Austwick,  on  the  borders  of  the  Lake- 
district,  the  Graptolitic  Mudstones  had  not  yet  been  discovered, 
though  they  were  well  developed  not  far  to  the  north  in  the  Sed- 
bergh  district.  He  had  not  himself  succeeded  in  finding  Pentamems 
ohlongus  in  the  Corwen  beds ;  but  Mr.  Salter  recorded  it  from  Cymy- 
brain.  He  thought  the  Corwen  beds  were  on  the  horizon  of  the 
calcareous  conglomerate  of  Austwick,  and  that  the  Penyglog  grit 
was  the  equivalent  of  the  Austwick  grit,  while  the  flaggy  slates  of 
Penyglog  represented  the  flags  between  the  Austwick  conglomerate 
and  Austwick  grit. 

The  Pbesidbni  insisted  strongly  on  the  necessity  of  studying 
both  the  Palseontology  and  the  Field-geology  of  any  district,  before 
attempting  to  come  to  any  definite  conclusion  as  to  its  geologica 
structure  and  the  relative  age  of  the  deposits  forming  it. 
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13.  On  the  Discovebt  of  Plants  in  ihe  Lowbb  Old  Eed  Sandstohj 
of  the  Neighboitbhood  of  Callahdeb.  By  R.  L.  Jacx,  Esq., 
F.G.S.,  and  R.  Ethebidob,  Junr.,  Esq.,  F.G.S.,  of  the  Geo- 
logical Survey  of  Scotland.    (Read  June  21,  1876.) 

(CozDmanioated  by  permiaaion  of  the  Director-General  of  the  Geological 

Surrey). 

1.  Introduction. — Before  proceeding  to  describe  the  plants  from 
the  localities  in  question,  and  their  geological  horizon,  we  append 
a  brief  historical  outline  of  the  vegetable  remains  of  the  Scotch 
Old  Red  Sandstone.  The  gradually  accumulating  evidence  of  a 
terrestrial  flora  in  the  Old  Red  Sandstone  of  Scotland  since  the  first 
discorery  of  plants  in  that  formation  by  the  Rev.  Dr.  Fleming  and 
Hugh  Miller,  and  the  reference  of  many  of  them  to  land  rather 
than  aquatic  forms,  by  Charles  William  Peach,  leads  all  observers 
interested  in  the  subject  to  hope  that  ere  long  botanists  may  be 
in  posseesion  of  suflicient  material  to  enable  them  to  illustrate  the 
flora  of  that  remote  period  in  a  more  satisfactory  manner  than  can 
be  done  at  present,  and  to  restore,  in  some  d^ree  at  least,  the 
bygone  v^;etable  organisms  which  then  existed.  As  a  slight  contri- 
bution to  this  end,  we  have  now  the  pleasure  of  announcing  the 
discovery  by  one  of  us  (R.  L.  J.)  of  land  plants  in  the  Old-Red- 
Sandstone  series  of  the  neighbourhood  of  Callander,  during  the  pro- 
gress of  the  Geological  Survey  of  that  district  under  the  direction 
of  Prof.  Geikie,  F.R.S. 

2.  Bibliography. — One  of  the  earliest  notices  which  has  come 
under  our  observation  is  a  short  paper,  in  1811,  by  the  Rev.  Mr. 
Fleming,  entitled,  *A  Mineralogical  Account  of  Papa  Stour,  one  of 
tilie  Zetland  Islands  '*,  wherein  it  is  stated  that  in  Bressay,  near 
Lerwick,  '^  the  sandstone  includes  beds  of  slate-day,  and  contains 
v^etable  impressions  similar  to  those  common  in  the  sandstone  of 
the  coal-fields  of  the  Lothians." 

In  1831  the  same  author  describes,  in  a  paper  "  On  the  Occur- 
rence of  the  Scales  of  Yertebrated  Animals  in  the  Old  Red  Sandstone 
of  Fifeshire^t,  with  the  scales  obtained  atParkhill,  near  Newburgh, 
and  Arbroath,  circular  flat  patches,  composed  of  numerous  smaller, 
contiguous,  circular  pieces,  as  probably  the  conglobate  panicles  of  ex- 
tinct species  of  Juncua  or  Sparganium,  It  is  probable  that  these 
toe  the  Crustacean  remains  now  known  as  Parka  dicijyitns,  Flem. 

In  1841  Mr.  Hugh  Miller  published  his  » Old  Red  Sandstone,'  in 
which  he  described  the  vegetable  remains  of  that  series  in  the  north 
of  Scotland  as  obscure,  consisting  mostly  of  carbonaceous  markings 
such  as  might  be  formed  "  by  comminuted  seaweed."  He  further 
noticed  the  bifurcating  nature  of  some  of  his  specimens,  and  that  one 
exhibited  scars  resembling  those  of  Stigmaria,  whilst  the  branches  of 

*  Mem.  Wemerian  Nat.-Hi8t.  Soo.  i.  p.  175. 

t  (Peek's  Bdinb.  Joamal  of  Nat.  k  Gfeogr.  Bcienoe,  iii.  p.  86,  pi.  ii.  fig.  5. 
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another  imninated  in  hooks.  One  example  showed  the  remains 
of  ligneous  fihres ;  and  this  only  was  regarded  by  Miller  as  of  ter- 
restrial origin.    In  Fife,  he  says,  the  yegetable  remains  are  *^  dark 

impressions  of  stems confusedly  mixed  with  what  seem 

slender  and  pointed  leaflets  *^.  In  the  Carmylie-Parish  Quarries, 
^  irregularly  grooTed  stems  branching  out  into  boughs  at  acute  angles 
were  also  noticed.** 

In  1853  Dr.  J.  D.  Hooker  published  a  <'  Note  on  the  Fossil  Plants 
from  the  Shetlandsy  collected  by  the  Right  Hon.  Henry  Tufnell/' 
which  are  proTisionally  referred  to  two  species  of  CalamiteB  t. 

In  1855  Mr.  C.  W.  Peach  presented  two  short  notes  to  the  Royal 
Geological  Society  of  ComwaU  (namely  '*  A  Notice  of  the  discovery 
of  Land  Plants  and  shells  in  the  Lower  Old  Red  Sandstone  of  Caitl^ 
ness,"  and  "  A  Note  on  the  Fossil  Flora  of  the  Lower  Old  Red  Sand- 
stone of  Wick,  Caithness  ")t,  in  which  he  respectiyely  notices  the 
occurrence  of  wood  at  sereral  localities  near  Thurso  and  Dunnet  Head, 
and  records  the  disooTery  of  land  plants  at  Eilmster,  near  Wick. 

The  Rev.  J.  Duncan  described  and  figured,  in  Jeffrey's  '  History 
and  Antiquities  of  Roxburghshire  and  adjacent  Districts  *§,  pub- 
lished in  1855,  plant-remains  from  Denholm-Hill  Quarry,  con- 
sisting of  dichotomiiing  stems,  regarded  by  the  author  as  fuooidal^ 
another  specimen  with  more  or  less  alternate  branches,  which 
he  supposed  to  be  a  land  plant,  and,  lastly,  an  organism  described 
as  '^  the  radical  portion  of  what  we  cannot  hesitate  to  call  a 
species  of  Calamite." 

In  1855  Hugh  Miller  read  before  the  British  Association  a  paper 
**  On  the  less-known  Fossil  Floras  of  Scotland  *'||,  in  which  reference 
was  made  to  the  bituminous  nature  and  dark  colour  of  the  Caithness 
Flagstones,  the  latter  arising  chiefly  from  the  Y^;etable  portion  of 
the  contained  organic  matter.  He  further  notices  the  discovery  of 
a  Lepidodendron  in  the  Caithness  Flagstones  at  Clockbriggs  Quarry, 
and  a  form  resembling  the  maiden-hair  spleenwort,  in  the  Ork- 
ney Flags.  At  the  same  meeting,  Mr.  J.  Miller,  of  Thurso,  exhibited 
a  collection  of  plants  from  the  Caithness  Flagstones  similar  to  that 
described  by  Mr.  H.  Miller  f. 

In  1857  the  •Testimony  of  the  Rocks'  appeared ♦♦,  with  the 
author's  figures  of  many  of  the  previously  mentioned  plants.  Three 
sectional  figures  of  the  Cromarty  Conifer,  examined  by  Prof.  Nicol, 
are  given,  magnified  40  diameters  ft,  and  two  vignettes  of  the  sup- 
posed fucoidal  remains  JJ,  regarded  by  Mr.  Salter,  however,  as  roots. 
Reference  is  made  to  a  ••  curious  nondescript  vegetable  organism  ** 

*  Afterwards  pronounced  by  Prof.  Niool  to  be  coniferous  in  obaraoter. 

t  Quart  Joum.  Geol.  Soc.  ix.  pp.  49,  50. 

t  Trana.  Boyal  (Jeol.  Soc.  Cornwall,  vii.  pp.  280  and  289. 

I  2nd  edit  8to,  p.  123,  pi.  yii 

I  Brit-Aaaoc  Bep.  1855,  Trans.  Sect  p.  83. 
f  iWrf.  p.  85.  ^ 

»*  Testimony  of  the  Kocks,  or  Geology  in  its  bearings  on  the  Two  TheokMriea. 
Ac.,  8vo.  ^ 

ft  Ibid.  p.  11. 

II  Figs.  118  and  119. 
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found  at  Stromness  by  Dr.  Fleming,  provisionally  named  by  him 
Stroma  ohsewra^  "  in  all  probability  a  plant  of  the  sea"*.  It  consisted 
of  a  ^'  flattened  cylinder  trayersed  aboye  and  below  by  a  mesial  grooye^ 
extending  to  the  extremities."  A  figore  is  given  of  a  fine  Lepidoden- 
droH  from  Thorso  t,  and  a  description  of  the  Clockbriggs  specimen, 
whidi  was  four  feet  in  length,  and  threw  off  two  branches  at  an 
acnte  angle.  The  specimen  was  covered  with  a  brittle  coal,  and 
internally  was  converted  into  a  brown  calcareons  substance  similar  to 
that  of  the  celebrated  Granton  and  Craigleith  trees  t»  Mr.  Miller 
describes  some  supposed  Calamites  from  Thurso  §,  9  inches  to  1  foot 
in  length,  and  figures  a  plant  discovered  by  Br.  Fleming,  with 
tbe  usual  thick  rachis  of  palaeozoic  plants,  and  pinnules  even  smaller 
than  those  of  our  true  Maiden-hair  ||.  Not  the  least  interesting  of 
the  plants  figured  in  the '  Testimony '  is  the  Palmpteris  (Cvchpteris) 
kihernicus,  Forbes,  from  the  Upper  Old  Bed  Sandstone  of  Preston- 
haugh,  near  Dunse  %. 

We  are  indebted  to  the  late  Mr.  J.  W.  Salter  for  one  of  the  first 
eonnected  accounts  of  these  old  plants.  His  paper  **•  On  some  Be- 
mains  of  Terrestrial  Plants  in  the  Old  Bed  Sandstone  of  Caithness" 
was  published  in  1858**.  He  there  describes  and  figures  '*  Coniferous 
wood"  allied  to  Dadoxyhn  of  the  Coal  Measures,  '^Rootlets,"  and 
two  plants  to  which  specific  names  were  assigned,  Lyeopodita 
MiUeri^  Salter,  and  Lepidodendron  nothum^  Salter  (non  Unger). 

In  the  same  year  sJso  (1858)  appeared  a  short  paper  by  Dr» 
J.  A.  Smith,  '<  Notes  of  Fossils  from  the  Old  Bed  Sandstone  of  the 
South  of  Scotland  "ft,  in  which  plants  similar  to  those  previously 
discussed  by  the  Bev.  J.  Duncan  are  noticed  from  Denholm-Hill 
Quarry,  Boxburghshire. 

To  his  originid  description  of  the  genus  Psilophyton  in  1859,  Dr.  J. 
W.  Dawson  JJ  appended  a  few  remarks  on  Scotch  Old-Bed-Sandstone 
I^ts.  He  considers  the  dichotomous  roots  described  by  Salter,  and 
the  bifurcating  plants  noticed  by  Hugh  MiUer,  to  belong  to  his  genus 
PtUophyton,  and  probably  to  P.  princes,  Dn.,  or  P,  robusHus,  Dn. 

1359. — Appended  to  the  late  Sir  B.  I.  Murchison's  paper  ''  On  the 
tuccession  of  the  older  Bocks  in  the  Northernmost  counties  of 
Scotland  "§§,  are  a  series  of  figures  by  Mr.  J.  W.  Salter,  identical  with 
those  given  in  certain  editions  of  *  Siluria/  with  an  additional  figure 
of  a  luge  stem  with  subaltemate  lateral  branches  found  at  Thurso 
by  Mr.  C.  W.  Peach,  and  named  after  him  by  Mr.  Salter  Caulopteris 
Peachii  ||||,  and  another  representing  the  young  shoot  of  a  coniferous 
(?)  plant  with  leaves  from  Duncansby  Head  IFIT. 

In  1862  Prof.  B.  Harkness  communicated  to  the  Geological 
Society  a  paper  "  On  the  Position  of  the  Pteraspis-heda,  and  on 

•  TeBtimony  of  the  Ilock»,  p.  430.  t  Ibid.  p.  432. 

ti&ttip.447.  J  iWrf.  pp.  433,  434. 

I  iWa.  p.  445,  fig.  122.  f  Ibid.  p.  464,  flg.  124. 
»•  Quart  Joum.  G«ol.  See.  xiv.  pp.  72-76. 

♦t  Proc  Royal  Phys.  Soc  Edinb.  li.  p.  36. 
^  JJ  Quart.  Joum.  GeoL  8oa  xv.  p.  482. 
If  Quwrt.  Joum.  Geol.  Boo.  toI.  xt.  p.  407.  fig.  18. 

II  Ibid.  p.  408.  flg.  14a.  tt  Ibid.  fig.  14*. 
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the  Sequence  of  the  Strata  in  the  Old-Red-Sandstone  series  of 
South  Perthshire"  (Quart.  Joum.  Geol.  Soc.  xviii.  p.  253,  read 
16  April,  1862).    This  paper  will  be  afterwards  refen^  to. 

In  the  fourth  edition  of  *  SUuria,'  published  in  1867,  Sir  B.  I. 
Murchison  gave  figures  of  the  chief  vegetable  remains  of  the  Scotch 
Old  Bed*.  The  longitudinally  fluted  stems  mentioned  by  previous 
writers  as  common  throughout  the  formation  were  microscopically 
examined  by  Prof.  Quekett,  and  found  to  exhibit  true  coniferous 
structure,  approaching  that  of  the  Araucarian  group. 

Mr.  W.  K.  M'Nab  communicatedf  his  researches  into  the  structure 
of  Hugh  Miller's  Cromarty  lignite,  which  had  been  previously  ex- 
amined by  Prof.  NicolL  Mr.  M'Nab  pronounces  the  structure  ex- 
hibited by  these  sections  to  be  allied  to  the  Coniferce,  but  not  refer- 
able either  to  Dadoxyhn  or  Dictyoxyhn^  as  surmised  by  Mr.  Salter: 
he  proposes  the  name  of  Fahxopitys  Milleri  for  the  Cromarty  lignite^ 
and  pronounces  it  distinct  from  the  coniferous  wood  examined  by 
Prof.  Quekett  for  Sir  E.  I.  Murchison. 

The  welcome  appearance,  in  1871,  of  Dr.  J.W.  Dawson's  monograph 
of  the  Devonian  and  Silurian  plants  of  Canada  X^  published  by  the 
Geological  Survey  of  Canada,  not  only  afforded  botanists  an  oppor- 
tunity of  becoming  acquainted  with  the  British-North-Amencan 
fossil  flora  of  those  periods  in  a  collective  form,  but,  what  was  of 
equal  importance,  put  us  in  possession  of  Dr.  Dawson's  notes  on 
Mr.  C.  W.  Peach's  extensive  collection  of  Sootch  Old-Bed  plants. 
In  the  latter,  Dr.  DawBon  noticed  two  species  of  Pdlophyion^  one 
allied  to  P.  princeps^  Dn.,  the  other  to  P.  rohusHus,  Dn.  lliere  are 
three  species  of  Lepidodtndron :  one,  perhaps  L,  ncihuniy  Salter,  Dr. 
Dawson  considers  closely  allied  to  his  Z.  gaspianum ;  the  second  is 
allied  to  Cydosttgma  dermfolium^  Dn. ;  and  the  third,  that  described 
by  Salter  as  Lycopodites  Milleri^  he  considers  an  herbaceous  plant, 
lie  collection  also  contains  a  Cydopteris  (allied  to  C.  Brownxi,  Dn.), 
a  CalamiUs  (near  C.  transitiimis,  Dn.),  Stiymaria^  bark  of  Sigillaria^ 
a  plant  probably  allied  to  Anarihrocanna^  and  pieces  of  ConiferaB  §. 

In  1872,  Mr.  C.  W.  Peach  delivered  a  Presidential  Address  to  tlie 
Boyal  Physical  Society  of  Edinburgh,  "  On  the  Fossil  Flora  of  the 
Old  Bed  Sandstone  of  the  North  of  Scotland,"  when  drawings  of  all 
the  discovered  forms  were  exhibited.  In  the  ^  Journal  of  Botany '  for 
1873  Mr.  Carruthers  gave  a  paper  '^  On  some  Lycopodiaoeous  plants 
from  the  Old  Bed  Sandstone  of  the  North  of  Scotland."  He  there 
refers  the  fragments  figured  by  Miller,  on  plate  vii.  of  the  '  Old  Bed 
Sandstone,'  to  Dawson's  Psilophyton,  and  proves  that  the  coniferous 
rootlets  of  Salter  are  really  the  upper  branches  of  his  L^pidodendrcn 
noihum  and  Lyecpodites  Milleri^  all  of  which  Carruthers  considers 
identical  with  Psilophyton  (IFaliserites)  DechenianuSy  Goppert; 
further,  Caulcpteris  PeaMi^  Sdter,  is  probably  a  fragment  of  a  large 
plant  allied  to  Psilophyton  robustius,  Dn. 

»  Op.  cit.  p.  269,  fo68.  73.  t  Trans.  Bot  Soc.  Bdinb.  1870.  x.  p.  312. 

I  The  Fossil  plants  of  the  Devonian  and  Upper  Silurian  Formations  o£ 
Canada,  pp.  02,  pis.  xx.    8vo.    Montreal,  1871. 

i  Op.  cif.  p.  fr 
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In  the  forgoing  notes  we  have  endeavoured  to  give  a  short  and  con- 
cise sketch  of  the  literature  of  the  Old-Eed  plants  of  Scotland.  We 
have  not  thought  it  necessary  to  refer  to  the  general  accounts  to  he 
found  in  various  mauaals. 

3.  Deseripiion  of  the  Specimens. — Plant-remains  in  various  states 
of  preservation,  hut  chiefly  of  the  most  fragmentary  nature,  have  been 
met  with  by  one  of  us  [R.  L.  J.]  at  no  less  than  twelve  localities ; 
and  specimens  have  also  been  collected  by  Mr.  A.  Macconochie,  one  of 
the  fossil-collectore  of  the  Geological  Survey.  Those  to  which  the 
greatest  interest  is  attached,  now  to  be  described,  and  fortunately  the 
best-preserved,  occur  in  a  fine-grained  blue-grey  micaceous  sandstone 
near  Braendam  House,  near  Callander  (group  C.  of  the  following 
Table,  p.  220). 

The  specimens,  as  we  now  find  them,  appear  as  elongated  fiattened 
stems,  on  an  average  about  one  inch  wide,  and  are  either  casts  in  the 


Rg.  1. — Pfilophyton  (?),  sp. 


Fig.  2,—Pnlophyton(^\  sp. 


Portion  of  a  simple  stem,  with  the 
cellular  tissue  destroyed  at  one 
end,  learing  the  Tascolar  axis, 
from  the  Qiuurry  near  Braendam 
House,  Oallander. 


Portion  of  a  stem  showing  bifurca- 
tion, from  the  south-west  comer 
of  Muir  Plantation,  near  Braen- 
dam House,  Oallander. 
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ness,  within  a  short  distanoe.  The  following  is  a  rough  ad  interitn 
Table  of  the  strata  occurring  in  the  trough  cut  by  the  section-line 
above  referred  to.  It  will  be  seen  that  the  conglomerate  beds  of 
the  series  are  thicker  to  the  north-west  of  the  axial  line,  while  the 
finer  deposits  thicken  out  in  the  opposite  direction. 

Centre  of  Trough^  Uamh  Mhor  j-c, 

A.  Fine  red  conglomerate,  with  matrix  of  siliceous  sand,  enclosing 
pebblee  of  white  quartz,  porpbyrite,  and  Silurian  grit.  The  pebbles 
nequently  angultf 300  fi. 


North-west  side  of  Trough.    Heads  of 
Keltie  and  Ruchil  Waters. 

ft. 
B.  Bed  pebbly  sandstone,  mabnx 

mauily  siliceous 500 

0.  Greenish-grey  flags  and  thin- 
bedded  sandstones    500 

D.  Conglomerate,  stones  up  to  2 
inches  in  diameter,  mostly 
of  white  quartz,  some  of 
porpbyrite,  and  various  Si- 
lurian rooks    3300  ft. 

Bed  Shales,  conglo- 
merates, and  grey 

sandstones 1100  „ 

Brown  gritty  sand- 
stones and  brown 
shales  with  calca* 
reous  nodules  and 
crustacean-tracks  (?)800  „ 

5200 


F.  Very    coarse    oonfflomerate 

with  well-rounded  blocks, 
up  to  2  feet  in  diameter,  of 
porpbyrite  and  quartzite, 
chie&y  porpbyrite 1500 

G.  Bedded  porphyritee  abutting 

against  fault  about  a  mile 
south  of  the  section-line. 


750 


South-east  side  of  Trough.    Braes  of 
Doune,  Allan  Valley  ana  Sheriffinuir, 

ft. 
B.  Bed  pebbly  sandstone  550 


0.  Greenish-gr^     flags     and 
thin-bedded  sandstones  ... 

D.  Fine-grained   brown  sand- 
stones   and    dull    brown 

shales    1700  ft. 

Crumbling  felspa- 

thio  shales     500,, 

Chocolate-coloured 
sandstones  with 
calcareous  nodules 
and  a  few  pebblee .  8400  „ 


10,000 


E.  Bedded     porphyrites     of 

Wharry  llum 

F.  Course  ^ppean  oon^ome- 

rate  


G.  Bedded  porphyrites,  mel*- 
ph}Tee  and  a^ee  of  the 
Ochils,  their  base  maaked 
by  a  fault. 


200 

1100 


In  the  paper  by  Prof.  Harkness,  of  1862,  above  referred  to,  the 
**  grey  sandstone  passing  upwards  into  red  sandstone,"  and  overlying 
the  trappean  conglomerate  (F  in  above  Table),  is  stated  to  have 
yielded  remains  of  Pteraspis,  These  P^a^i#-beds  are  probably 
inferior  in  position  to  those  marked  C  in  the  above  Section.  Professor 
Harkness  remarks,  '*  no  traces  of  plants,  so  far  as  I  am  aware, 
have  been  found  in  this  [Bridge  of  Allan]  neighbourhood ;  nor  are 
there  any  remains  of  Crustaceans." 

It  is  in  the  flagstone  group  marked  C  that  the  plant-remains 
above  described  are  found.  No  large  quarry  or  natural  section  in 
the  group  fails  to  furnish  at  least  a  few  traces  of  plants ;  but  here 
and  there  surfaces  are  to  be  met  with  which  are  quite  bUok  with 
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felted  vegetable  remainB.  In  one  or  two  places  (notably  Cameron 
Plantation  near  Balloch)  lenticular  patches  of  anthraciiic  coal  a  few 
lines  in  thickness  have  been  obserred.  The  flagstones  are  generally 
grey,  with  a  more  or  less  distinct  greenish  tinge,  and  contain  pellets 
of  shale  and  sparsely  scattered  pebbles  of  white  quartz.  Pelspathio 
and  siliceous  granules  contribute  in  about  equal  proportions  to  the 
e<miposition  of  the  flagstones.  The  flags,  which  are  divided  by 
P^^^  gf^y^  blue  and  purple  shales,  are  extensively  used  for  building- 
poiposes  in  the  neighbourhood  (the  Duke  of  Montrose's  princifml 
seat,  Buchanan  House,  for  example,  being  built  of  them),  and  occa- 
sionally for  pavement,  although  they  are  less  hard  and  durable  than 
the  Arbroath  and  Caithness  flags.  In  former  days  they  were  fre- 
quently employed  as  tilestones ;  but  this  heavy  roofing-material  has 
entirely  given  place  to  the  slates  of  the  Highland  border. 

We  may  now  shortly  trace  the  flagstone  group  from  the  Braes  of 
Doune  southwestward  to  the  Clyde. 

The  fall  of  the  ground  from  the  Braes  of  Doune  to  the  river  Teith 
at  once  denudes  the  flagstone  group  of  the  overlying  sandstones  and 
conglomerates,  so  that  in  the  valley  the  centre  of  the  trough  is 
formed  solely  by  the  flagstones.  This  continues  to  be  the  case  till 
the  raised  beach-deposits  of  the  Carse  of  Forth  to  the  south  of 
Thomhill  obscure  the  solid  geology. 

South  of  the  Carse  of  Perth,  the  Lower  Old  Bed  Sandstone  area  is 
rapidly  narrowed  by  the  south-westward  continuatiou  of  the  fault 
which  bounds  the  Ochils  on  the  south  side.  Extending  from  Eippen 
to  Cardross  Park  on  the  Pirth  of  Clyde,  this  fault  brings,  on  its 
acath-eastem  side,  the  Calciferous  Sandstones  down  against  the 
Lower  Old  Bed  Sandstones.  On  the  south  side  of  the  Carse  of 
Forth,  brown  felspathic  sandstones,  probably  representiDg  those  of 
group  B,  overlie  tiie  Plagstone  group,  which  here  dips  to  the  euuth- 
east  The  Plagstone  group  thickens  considerably  towards  the  Clyde, 
and  between  Geilston  and  the  foot  of  Loch  Lomond  (where  no  other 
member  of  the  Lower  Old  Bed  Sandstone  formation  is  seen)  it  cannot 
be  less  than  2000  feet  in  thickness.  Here  the  axial  beds  of  the 
synclinal  trough  are  concealed  by  the  fault  which  throws  down  the 
Caldforous  Sandstones  against  the  Lower  Old  Bed  Sandstone.  The 
Lower  Old  Bed  Sandstone  does  not  reappear  on  the  southern  shore 
of  the  Pirth  of  Clyde. 

5.  LocaUty. — Quarry,  2\  miles  S.  by  W.  of  Braendam  House,  E.  of 
Callander,  and  S.W.  comer  of  Muir  Plantation,  near  Braendam 
House. 

6.  Other  Plant-remains. — ^Pragments  of  plants  have  been  found 
in  the  Lower  Old  Bed  Sandstone  at  the  following  localities : — 

(a)  Bu^uinaf^CastU  Quarry,  near  Drymen,  StirHngshire,  in  a  thin- 
bedded  sandstone.  A  small  stem  (?),  nearly  three  inches  long  by 
two  or  three  lines  wide,  with  portions  of  the  black  carbonaceous 
matter  into  which  it  has  been  converted  adhering,  and  a  good  deal 
wrinkled. 

{h)  Old  Quarry  at  SmaU  Reservoir,  nearKilmaJiew,  north  of  Cardross, 
StblingBhire,  in  a  light-coloured  thin-bedded  sandstone.     A  stem 
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selves,  appear  to  indicate  a  species  of  far  greater  proportions  than 
those  of  E.  Scouleri,  Hibb.  In  1867  Professor  Page  exhibited  at 
a  meeting  of  the  Edinburgh  Geological  Society*  portions  of  E. 
Scouleri  from  the  Lower  Carboniferous  beds  of  Berwickshire.  Un- 
fortunately no  description  of  these  has  appeared ;  they  were,  I 
believe,  also  found  by  Mr»  Stevenson. 

2.  Description  of  the  Specimens. — In  his  remarks  on  E,  Scouleri, 
Mr.  H.Woodward  states  that  the  "  two  anterior  body-rings  are  orna- 
mented with  a  single  row  of  narrow,  acute,  well-defined,  spine-like 
squamse."  The  posterior  free  margin  of  the  abdominal  somites  *-*•  is 
ornamented  on  its  dorsal  border,  with  a  series  of  blunt,  rounded, 
equidistant  spines,  and  the  surface  itself  encased  with  squamse, 
whilst  the  ventral  border  is  roundly  dentated,  and  that  of  the  pen- 
ultimate segment  more  acutely  so.  The  ventral  surface  is  not 
covered  wiQi  squamse,  but  is  finely  punctate  "t.  In  the  fine 
fragment  represented   by  ^g,  1,  may  be   observed  five  elongated 

Fig.  1. — Eurypterus  (?)  Stevensoni. 


Spines  probably  ft*om  the  dorsal  posterior  margin  of  an  abdominal  somite. 
From  Eimmerghame  Quarry,  near  Ihmse,  Berwickshire. 

and  bluntly  pointed  spines.  The  two  outer  on  each  side  are  about 
equal  in  size,  and  united  one  with  the  other  until  near  their  free  ex- 
tremities ;  they  appear  to  have  been  separated  from  the  middle  and 
largest  spine  by  a  smaller  one  on  each  side,  now  only  partially  pre- 
served, making  in  all  seven  spines.  I  take  these  to  represent  those 
bluntly  rounded  spines  described  by  Mr.  Woodward  in  E,  Scouleri 
as  ornamenting  the  free  dorsal  posterior  margin  of  the  abdominal 
somites.  The  anterior  portion  of  both  the  spines,  in  the  specimen 
(fig.  1),  and  the  concavities  between  them  are  covered  with  nar- 
row, acutely  inclined,  spine-like  squamae,  much  resembling  those 
figured  by  Mr.  Woodward  on  the  carapace  and  two  anterior  body- 

*  "Notes  on  some  New  Fossils  (Eurypterus  Scouleri?)  Arom  the  Tuadian  or 
Paisage  Beds  of  Berwickshire,"  Trans.  Geol.  Soo.  Edinb.  i.  p.  57. 
t  Qp.  ctf.p.  137. 
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rings  of  E,  Scouleri  *.     The  following  are  the  measurements  of  this 
specimen  (approximately) : — 

in.  lin. 

Length    1  7 

Breadth 1  11 

Length  of  central  spine 1  2 

In  another  specimen  (fig.  2)  there  are  five  spines  of  nearly 
equal  size,  although  smaller  than  in  the  preceding  (with  perhaps 
indications  along  each  lateral  margin  of  another  indistinctly  pre- 
serred  spine),  separated  as  in  the  former  case  by  other  narrower 


Fig.  2. — EurypterH8(2)  Stevetisonu 


Spinel  and  foales.    From  Eimmerghame  Quarry,  near  Diinse.     In  the 
eoUeetioa  of  Mr.  Smith,  PreBton  Farm,  near  Dunse. 

spines.  Similarly,  the  spines  are  overlain  by  narrow  spine-like 
aqnams,  which  gradually,  towards  the  anterior  edge,  become  flat 
(and  partially  imbricating?)  scale-like  squamee,  approaching  in  form 
uid  appearance  those  on  the  abdominal  somites  of  E.  Scouleriy  but 
^  far  huger  si«e.    The  measurements  of  this  specimen  are : — 

in.  lin. 

Length    1  2i 

Breadth 1  3 

Length  of  spines    (about)  0  7 

Sise  of  scale-like  squamae,  1  to  1  j  line  square. 

One  of  the  specimens  collected  by  Mr.  Macconochie  consists  of  a 
few  of  these  detached  squamae,  one  or  two  measuring  four  by  three 
luteB.  Of  specimens  resembling  this  there  are  in  the  collection 
fs^eral  examples.  They  all,  1  think  (although  the  outline  of  each 
is  more  or  less  different,  owing  to  its  fragmentary  condition),  repre- 
*^t  portions  of  the  general  surface  of  a  body-segment  f,  with  the 

*  Op.  cit.  pi.  25.  figs,  laand  6,  and  pL  27. 

t  Or,  on  second  thought*,  fragments  of  some  rery  large  jawfoot  (?). 

Q.J.G.8.  No.  130.  u 
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blackened  squamas  in  varioos  stages  of  preservation.  In  one 
specimen  there  are  a  number  of  casts  of  squunae  still  retaining 
in  the  deeper  portions  the  remains  of  the  blackened  test.  In 
this  instance  they  are  smaller  than  in  the  former  cases,  mea- 
suring only  about  one  line  by  one  line  and  a  quarter.  Another 
seems  to  be  a  portion  of  an  abdominal  somite,  and,  if  this  view 
is  the  correct  one,  that  of  a  very  large  specimen  indeed.  Aa 
compared  with  any  of  the  abdominal  segments  of  E.  Scotd^  the 
length  of  the  specimen  (more  than  three  inches),  in  relation  to 
the  breadth,  is  excessive.  The  anterior  is  clearly  discernible  from 
the  posterior  portion  by  the  direction  of  the  flat  squamae  wherever 
they  are  preserved.  If  an  abdominal  somite,  the  Crustacean  of  which 
it  formed  a  part  must  have  possessed  an  abdomen  of  very  differ- 
ent form  from  that  of  ^.  Seotderi,  On  the  other  hand,  could  it  be  one 
of  the  narrower  somites  near  the  telson  of  a  large  species,  similar  to 
the  smaller  terminal  somites  in  E,  scarpioides,  H.  Woodward,  from 
the  Upper  Ludlow*?  Another  suggestion  offers  itself:  Is  it  an 
ordinary  somite  of  large  size  bent  down  laterally,  along  the  median 
line  ?  I  scarcely  think  so,  from  the  apparent  absence  of  all  disturb- 
ance of  the  squamae,  where  preserved.  Or,  on  the  other  hand,  is  it 
a  segment  of  one  of  the  smaller  appendages  ?  Whichever  way  this 
specimen  may  be  interpreted,  there  is  this  difficulty,  that,  as  deter- 
mined by  the  direction  of  the  squamae,  the  anterior  end  is  the 
smaller,  and  the  posterior  the  larger  of  the  two — just  the  contrary  to 
what  we  should  have  expected  if  the  specimen,  as  we  now  find  it, 
really  represents  an  abdominal  somite,  but  as  it  should  be  if  it  is 
one  of  the  segments  of  the  smaller  appendages  as  represented  in 
Mr.  Woodward's  restoration  of  E,  ScouUri,  In  the  posterior  croas 
section,  below  the  outer  black  crust  there  is  visible  in  the  fine- 
grained matrix  another  black  line ;  the  intermediate  space,  about  two 
lines  thick  at  the  median  line  of  the  specimen,  may  represent  the 
thickness  of  the  test.     The  measurements  are  (approximately) : — 

in.  lin. 

Length   , 3  6 

Breadth 1  0 

Length  of  largest  squamae,  3  to  4  lines. 

Of  the  specimens  collected  by  Mr.  Macconochie,  two  only  call  for 
special  notice.  The  first  is  a  oast,  1  in.  7  lin.  broad,  by  2  in.  6  lin. 
long,  showing  spines  similar  to  those  of  ^^,  1,  succeeded  an- 
teriorly by  several  series  of  the  spine-like  squamae,  gradually  passing 
into  the  ordinary  flattened  socde-like  squamae.  The  second  specimen 
is  similar,  but  not  so  well  preserved.  The  material  composing  all 
the  specimens,  wherever  preserved,  is  in  the  form  of  a  blackened 
shining  crust  or  film,  which  is  easily  rubbed  off  and  destroyed, 
unless  the  specimens  are  immediately  covered  with  a  prote<^ve 
preparation.     Prof.  James  Hallt  has  remarked  on  the  imbricating 

»  Op.  cU.  pi.  29. 

t  Pal.  New  York,  iii.  p.  396, 
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aeale-like  sculpture  coyering  some  portions  of  American  species,  and 
%dds  that  *'  the  textore  appears  to  have  been  elastic  or  leathery,  and 
the  substance  very  thin."  These  remarks  equally  apply  to  the 
present  examples. 

A  due  consideration  of  the  foregoing  facta  has  led  me  to  the  con- 
dosion  that  the  large  bluntly  pointed  spines  of  the  above  specimens 
represent  those  on  Uie  posterior  dorsal  border  of  the  abdominal  or 
body-segments  of  E,  ScouUrij  of  which  Mr.  Woodward  has  given 
an  enlaiged  figure  in  his  Monograph  on  tho  Fossil  Crustacea  * ;  but 
in  the  present  instance  we  also  have  spines  of  an  intermediate  size. 
The  narrow,  acutely  pointed  spine-like  squanue  which  succeed  and 
partially  overlap  these  large  spines,  most  nearly  approach  those  seen 
on  the  headrshield  and  two  anterior  s^ments  of  K  Scouleri  f.  The 
scale-like  squanuB  are  larger  than  those  of  the  latter,  although 
evidently  constructed  after  the  same  plan,  and  are  much  closer 
together ;  I  also  suspect  that  there  is  a  tendency  to  imbricate  from 
before  backwards.  From  whatever  point  of  view  we  look  at  the 
elongated  and  compressed  specimen  above  referred  to,  either  as  an 
abdominal  segment  bent  down  along  the  median  line,  or  as  one  of 
the  terminal  and  consequently  narrower  segments  near  the  telson, 
or  as  a  segment  of  one  of  the  smaller  appendages,  we  can  arrive  at 
only  one  conclusion — namely,  that  it  formed  part  of  an  animal  far 
larger  than,  and,  in  all  probability,  of  very  different  form  from 
E.  ScouUri,  If  fig.  3,  represented  on  the  twenty-sixth  plate  of 
Mr.  Woodward's  monograph,  is  an  enlarged  view  of  a  portion  of 
K  SeouUri,  what  must  have  been  the  size  of  the  individual  or 
individuals  of  which  the  present  fragments  are  the  remains  ? 

Sliould  further  discoveries  bear  out  the  view  here  advocated, 
that  these  specimens  represent  a  form  specifically  distinct  from 
E.  ScouUriy  Hibbert,  I  would  suggest  that  the  name  of  the  gentle- 
man, Mr.  Stevenson,  to  whom  the  Survey  is  indebted  for  the  pre- 
sentation of  specimens  to  its  collection,  and  who  first  brought 
them  under  my  notice,  should  be  assigned  to  them,  and  name  the 
species  Eurypterus  ?  SUveruoni,  At  the  same  time  I  also  heartily 
beg  to  thank  ACr.  Smith  for  the  loan  of  his  valuable  specimens,  and 
Mr.  Macconochie,  through  whom  they  were  placed  in  my  hands. 

3.  Locality  and  Horizon.  —  Kimmerghame  Quarrj-,  Blackadder 
Water,  near  Dunse,  Berwickshire;  in  a  light-coloured  micaceous 
sandstone  of  the  Cement-stone  group,  Lower  Carboniferous,  or 
Calciferous  Sandstone  series. 

4.  A  reference  has  been  made  to  the  exhibition,  by  Professor  Page, 
LL.D.,  P.G.S.,  at  a  meeting  of  the  Edinburgh  Geological  Society,  of 
fragments  of  a  Eurypterus,  also  obtained  by  Mr.  Stevenson  in  Ber- 
wi&shire.  Prof.  Page  was  kind  enough  to  inform  me  that  he  gave 
these  specimens  to  Mr.  J.  Powrie,  F.G.S.,  of  Reswallie,  Forfar, 
shire,  to  whose  courtesy  I  am  indebted  for  the  loan  of  two 
of  them.  Their  resemblance  to  tho  jJreviously  described  spe- 
cimens is  at  once  apparent.     One  of  them  corresponds  remarkably 

•  Qp.  ci<.  pL  25.  fig.  3. 

t  l6id.  pi  25.  figs.  1  a  and  &,  and  pi.  27. 

q2 
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well  with  fig.  1 ;  and  although  Dearly  the  whole  of  the  bXack- 
ened  orast  has  disappeared,  still  the  casts  of  the  seven  spinee 
preserved  exhibit  their  form  and  length  in  a  marked  degree ;  and, 
what  is  more,  we  have  in  this  specimen  a  view  of  the  bluntly 
rounded  ends  of  these  spines ;  for  fortunately  they  terminate  on  the 
immediate  edge  of  the  matrix,  or,  perhaps,  rather,  the  latter  has  been 
fractored  there.  The  other  specimen  is  the  largest  fragment  of 
all,  but  has  only  three  spines  preserved,  two  of  which,  the  outer 
ones,  are  of  very  considerable  size ;  the  elongated  spine-like  squamae 
between  them  are  also  well  marked  and  larger 'than  those  in  any  of 
the  other  specimens.  It  is  not  improbable  that  both  these  speci- 
mens, with  Nos.  1  and  2,  may  even  be  the  posterior  portion  of  the 
dorsal  surface  of  the  carapace  itself,  rather  than  that  of  one  of  the 
somites,  a  suggestion  which  is  borne  out  by  the  size  attained  hy 
one  of  Mr.  Powrie*s  specimens. 

5.  Locality  and  Horizon, — Preston  Quarry,  near  Dunse,   on   a 
similar  horiz<Ml  to  the  last. 


DiSCXTSSION. 

Mb.  H.  Woodwakd  remarked  that  the  remains  of  Eurypieri 
from  the  Carboniferous  rocks  are  so  distinct  from  the  Upper-Slu- 
rian  Eurypteri  of  America,  Shropshire,  Lanarkshire,  and  Russia, 
as  probably  to  entitle  them  to  be  placed  in  a  distinct  genus ;  and, 
indeed,  at  some  future  day,  when  more  remains  are  obtained,  they 
may  perhaps  have  to  be  arranged  among  the  Arachnida,  along  with 
many  curious  fragments  which  have  been  called  Arihroplewray  dis- 
covered by  Mr.  M'Murtrie  in  the  Eadstock  Coal-field,  by  Mr.  Jordan 
in  the  Saarbruck  Coal-basin,  and  by  Mr.  Gibbs  in  the  Manchester 
Coal-field.  Eurypterus  ScouUri  occurs  at  Eirton  with  Spkmopteris 
Eibberti  in  a  remarkable  siliceous  deposit,  probably  thrown  down 
by  an  old  thermal  spring  in  the  Carboniferous  period. 

Prof.  Eamsay  remarked  that  the  rock  from  which  the  fossils  were 
derived  seemed  to  him  to  be  pretty  nearly  the  equivalent  of  the 
Burdie-House  Limestone,  which  he  had  long  ago  thought  might  be 
to  a  considerable  extent  formed  by  calcareous  deposits  from  thermal 
waters,  probably  during  a .  period  of  great  volcanic  activity.  This 
would  be  in  favour  of  Mr.  Woodward's  opinion. 
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15.  On  the  Pbb-Cakbkiak  (Bimbtian  and  Pebidiah)  Rocks  of  St. 
David's.  By  Hb5BT  Hicks,  Esq.,  F.G.S.  (Read  November  22, 
1876.) 

[Plate  X.] 

IlTTBODUCnOH. 

Li  the  Geologieal-Sarvey  Map  of  North  Pembrokeshire,  published  in 
1857,  there  is  in  the  promontory  of  St.  David's  a  wide  band,  coloured 
as  a  mass  of  intrusive  syenite  and  felstone,  with  altered  Cambrians  on 
tile  north  of  it,  and  on  the  south  Cambrians  unaltered.  In  the  year 
1864,  when  making  a  section  from  this  so-called  syenite  to  the  south 
tiuou^  the  Cambrians,  I  noticed  that  a  considerable  portion  of  it 
was  made  up  of  altered  rock,  in  which  the  bedding  was  quite  dis- 
tmct.  This  portion  I  then  believed  to  be  altered  Cambrian,  like 
that  marked  on  the  north,  and  to  be  quite  distinct  from  the  central 
mass,  to  the  influence  of  which  I  thought  possibly  this  change  might 
bave  been  due.  On  further  examination,  however,  it  seemed  clear 
that  the  syenite  did  not  penetrate  any  of  these  beds,  and  hence  that 
the  alteration  was  in  no  way  due  to  it.  Moreover  the  masses  of 
rock  forming  the  Cambrian  conglomerate  appeared  to  have  been 
derived  from  rocks  apparently  identical  with  those  forming  this 
ndge.  This  discoveiy  led  Mr.  Salter  (whom  I  guided  over  the  seo- 
tbn  in  that  year)  and  myself  to  suspect  that  the  ridge  of  so-called 
syenite  therefore  was  a  portion  of  what  had  previously  been  a  "  Pre- 
C^brian  island ; "  and  these  views  were  communicated  for  the  first 
tune  by  Mr.  Salter  to  the  British  Association  in  1864.  At  that 
time  no  lines  of  bedding  had  been  discovered  in  the  central  or  more 
crystalline  part;  and  we  were  satisfied  to  look  upon  this  portion  as 
a  great  mass  of  eruptive  rock,  but  Pre-Cambrian  in  age.  In  our 
report  to  the  British  Association  in  1866  I  ventured,  however,  to 
suggest  that  this  also  for  the  most  part  was  not  of  volcanic  origin, 
and  that  it  was  chiefly  made  up  of  cdtered  sedimentary  rock. 

In  a  paper  communicated  by  Prof.  Harkness  and  myself  to  the 
Geological  Society  in  1871,  other  facts  were  mentioned  tending  to 
prove  not  only  the  Pre-Cambrian,  but  also  the  sedimentary  origin  of 
these  rocks,  viz : — ^that  the  bedding  of  the  central  portion  had  an  in- 
variable strike  from  N.W.  to  S.E.,  and  hence  discordant  with  that  of 
the  overlying  rocks;  that  the  chemical  composition  of  the  rock 
proved  it  not  to  be  true  syenite ;  and  that  it  had  associated  with  it 
hands  of  hard  greenish-coloured  ashy-looking  shales,  considerably 
altered  in  character,  but  in  many  instances  possessing  distinct  traces 
of  foliation.  In  subsequent  papers  I  added  a  few  additional  facts; 
hat  hitherto  the  subject  has  been  dealt  with  imperfectly,  as  I  then 
devoted  most  of  my  time  to  the  immediately  overlying  series,  to 
which  those  papers  chiefly  referred.     During  the  last  two  years, 
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bowever,  I  haye  giyen  a  good  deal  of  time  to  the  farther  and  special 
examination  of  ^ese  rocks,  and  I  have  obtained  much  additional 
and  valuable  information  in  regard  to  their  distribution  and  mineral 
composition. 

General  DEscBiPTioy. 

The  ridge  formed  by  these  rocks  attains  its  greatest  breadth  near 
the  city  of  St.  David's,  where  it  is  rather  over  a  mile  wide.  It  ex- 
tends in  a  direction  from  St.  David's  to  the  N.B.  for  about  4  miles, 
with  an  average  width  of  rather  less  than  a  mile,  and  is  then  cut  off 
by  a  fault  running  nearly  east  and  west.  To  the  south  of  St.  David'a 
it  is  greatly  reduced  in  width  by  faults  on  either  side.  The  portion 
immediately  under  St.  David's  is  thrown  down  to  some  extent  to  the 
S.£.  by  two  faults ;  and  hence  this  part  is  not  entirely  in  line  witli 
the  remainder  of  the  ridge.  Except  in  the  immediate  neighbour- 
hood of  the  faults,  which  cross  it,  the  ridge  stands  boldly  out,  with 
a  tolerably  even  rounded  surface,  the  highest  points  being  at  least 
300  feet  above  the  level  of  the  sea.  Low  marshy  ground  marks  the 
lines  of  the  three  chief  faults.  In  my  map  of  St.  David's  (Quart. 
Joum.  Geol.  Soc.  vol.  xxxi.  pi.  viii.)  the  width  in  some  places  is 
understated,  as  I  find  it  necessary,  after  further  examination,  to 
include  as  Pre-Cambrian  all  the  beds  below  the  Lower  Cambrian  con- 
glomerates, and  to  which  the  latter  are  unconformable. 

I  propose  now  to  divide  the  Pre-Cambrian  rocks  into  two  distinct 
series  under  the  local  names  of  Dimetian  (Dimetia  being  the  ancient 
name  for  a  kingdom  which  included  this  part  of  Wales)  for  the 
lower,  and  Pebidian  (Febidiauc  being  the  name  of  the  division  or 
hundred  in  which  these  rocks  are  chiefly  exposed)  for  the  upper  series. 
Up  to  the  present  time  no  name  has  been  given  to  rocks  in  England 
or  Wales  which  occupy  an  earlier  position  than  the  Cambrians  ;  and 
as  there  ccin  be  no  doubt  that  these  two  series  of  rocks  are  overlain 
unconformably  at  St,  David's  by  the  lowest  Cambrian  rocks  hitherto 
known  in  WeJes,  I  think  I  am  justified  in  giving  them  local  names 
in  preference  to  attempting  at  present  to  correlate  them  with  rocks 
in  other  countries  which  may  appear  to  hold  a  somewhat  similar 
position,  but  which  may  nevertheless  indicate  separate  periods  in 
the  world's  history. 

The  rocks  composing  the  ridge  consist  chiefly  of  compact  quartzi- 
ferous  beds,  altered  shales,  and  limestones  in  the  lower  series,  and 
of  altered  conglomerates  and  shales  in  the  upper.  The  two  series 
are  everywhere  unconformable  to  one  another,  the  strike  of  the  beds 
in  the  lower  being  from  N.W.  to  S.E.,  and  in  the  upper  from  S.W.  to 
N.E.  The  Cambrian  conglomerates  overlap  them  irregularly,  in 
some  places  entirely  covering  over  the  upper  series.  The  conglome- 
rates of  the  Cambrian  also  are  almost  altogether  made  up  of  pebbles 
derived  from  the  underlying  rocks.  It  is  difficult  to  give  a  cor- 
rect estimate  of  the  thickness  of  either  series,  because  of  the  faults 
in  the  lower,  and  of  the  overlapping  by  the  Cambrians  of  the  upper; 
but  it  is  certain  that  the  lower  (Dimetian)  cannot  be  less  than  15^000 
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fe^  in  vertical  thickness,  as  shown  by  the  sections  near  St.  David's ; 
and  the  upper  (Pebidian)  have  a  thickness  of  over  3000  feet  exposed 
at  several  points,  and  nndoabtedly  are  of  very  much  greater  thick- 
ness, only  that  they  are  everywhere  more  or  less  hidden  by  the 
Cambrians. 

DnCETIAN. 

The  portion  of  the  ridge  formed  by  these  rocks  gives  an  average 
width  of  from  2000  to  3000  feet  from  St.  David's  northward  to  the 
position  where  they  are  cut  off  by  the  great  E.  and  W.  fault  at  Tregle- 
mais  and  CamymyL  To  the  south  of  St.  David's,  and  especially  about 
midway  between  St.  David's  and  the  coast,  the  width  is  greatly  reduced 
by  f&olts  on  either  side.  Here  only  the  more  central  portion  of  the 
ndge  seems  to  have  been  left ;  and  the  faults  which  have  so  reduced 
the  thickness  have  in  addition  dropped  the  immediately  overlying 
Pebidian  bedjs,  as  well  as  some  of  the  lower  Cambrians.  At  the 
brad  in  Porthclais  Valley  the  conglomerates  of  the  Cambrian  rest 
immediately  on  the  Dimetian  rocks,  and  a  little  further  east  in  the 
harbour  still  higher  beds  of  the  Cambrians.  On  the  coast  to  the 
fiOQth  the  highest  rooks  of  the  Harlech  group  strike  up  against 
the  ridge.  With  these  exceptions,  and  that  of  another  small  area 
at  the  north-east  end  of  the  ridge  near  Camymyl,  which  is  again 
covered  inuAediately  by  Cambrian  conglomerates,  both  sides  are 
flanked  throTSghout  by  the  Pebidian  rocks.  The  rocks  which  com- 
pose the  Dimetian  series  are  chiefly  compact  quartz  schists,  chloritic 
ichists,  and  indurated  shales.  Sometimes  these  shale-bands,  as  under 
St  Darid's,  alternate  frequently  with  the  quartzose  beds ;  but  usually 
the  latter  predominate  to  a  very  great  extent.  In  section  I.  (PL  X.) 
a{^arently,  there  are  but  few  bands  of  shale ;  but  as  there  are  only  a 
few  exposures  of  the  rocks  in  this  section,  I  am  unable  to  speak  with 
confidence  on  this  point.  In  the  direction  of  section  II.  I  have  had 
frequent  opportunities  of  examining  the  rocks  in  deep  wells,  in  ad- 
dition to  the  numerous  quarries  open ;  and  I  have  almost  everywhere 
found  bands  of  shale  associated  with  the  quartzose  beds  along  this 
line.  The  most  highly  crystalline  beds  which  I  have  yet  seen  occur 
to  the  north  of  St.  David's.  In  these  the  quartz  seems  to  be  nearly 
pwfectly  crystalline.  Other  beds  between  this  point  and  St.  David's 
are  also  very  much  altered ;  but  as  we  go  further  south  the  rock 
teems  to  be  less  highly  metamorphosed.  In  section  III.  there  are 
several  bands  of  shale  at  the  base ;  but  in  the  exposures  along  the 
nde  of  the  valley  further  south,  and  until  we  reach  near  the  coast  at 
Forthlisky,  the  quartzose  schists  again  are  very  greatly  in  excess.  The 
portion  of  this  section  which  extends  along  the  east  side  of  Porth- 
liaky  harbour  is  the  most  important  part,  geologically,  of  the  whole 
ridge,  as  it  not  only  shows  the  bedding  very  distinctly,  but  the 
quartzose  beds  are  less  altered*,  and  a  change  also  takes  place  in 

*  Hr.  T.  DaTie0»  F.G.8.,  of  the  Britiah  Mueeum,  has  kindly  jriven  ma  the 
UAUming  report  of  a  mioroaoopical  examination  of  a  teotion  of  this  rook:— 
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the  character  of  the  beds  which  are  associated  with  them.  Instead 
of  the  ashy  shales  as  at  8t.  Dayid^s,  we  now  find  massive  beds  of  cal- 
careous shale  and  chloritic  schists,  and  associated  with  them  also 
dolomilic  limestone  beds  seyeral  feet  in  thickness.  The  limestone 
beds  I  only  discoYcred  for  the  first  time  last  year.  None  of  the 
shales  at  St.  David's  contain  much  calcareous  matter,  and  they  do 
not  effervesce  with  acid ;  but  these  shales  and  schists  at  Portbliaky, 
iucluding  some  of  the  more  compact  qnartzose  schists,  effervesce 
most  freely,  and  on  analysis  show  the  presence  of  frequently  over 
20  per  cent,  of  carbonates.  The  rocks  are  sometimes  flaggy, 
and  split  easily  in  the  line  of  the  bedding  ;  but  usually  they  are  more 
schistose  in  nature.  The  beds  vary  in  thickness  from  2  to  15 
feet.  In  addition  to  the  carbonate  of  lime  in  these  beds,  I  have 
detected  in  them  about  0*5  per  cent,  of  phosphoric  acid ;  hence 
it  is  more  than  probable  that  the  lime  was  deposited  by  organic 
aid. 

I  have  not  as  yet  discovered  any  thing  in  these  beds  of  a  decidedly 
organic  nature.  There  are  markings  on  some  of  the  surfaces  where 
the  rock  is  split  along  the  line  of  bedding,  which  may  possibly  be 
organic ;  ))ut  at  present,  and  until  farther  specimens  have  been  found, 
I  would  speak  with  doubt  as  to  their  nature. 

The  quartz  schists  have  generally  a  greenish  or  a  purplish  tint, 
and  the  surfaces  of  the  bed<hng  and  joints  a  soft  greasy  feel. 

In  this  section  there  are  five  distinct  bands  of  impure  limestone, 
separated  from  each  other  by  compact  beds  of  quartz  schists.  They 
vary  in  thickness  &om  1  to  3  feet,  and  show  considerable  difEereooes 
in  their  composition.  The  three  lower  bands  are  fine-grained  and 
compact  in  texture,  of  a  greyish  colour,  and  contain  occasionally 
scattered  bits  of  quartz,  serpentine,  pyrites,  galena,  &o.  The  two 
upper  bands  are  darker  and  more  ferruginous  in  character,  and 
usually  contain  more  serpentine  *.     Occasionally  in  both  are  seen 


*'  It  consists  of  quarU,  orthoclase,  and  an  anorthio  felspar,  with  small  specks  of 
chlorite;  the  quartz,  however,  forms  by  far  the  greater  part,  and  is  intercrys- 
tall i zed  with  the  felspar  in  a  pecuUar  manner,  somewhat  resembling  that  of 
^aphic  granite  on  a  very  small  scale,  recalling  to  mind  very  forcibly  the 
mtergrowtli  (if  it  be  such)  of  the  felspar  and  quarts  in  the  Mull  granitee. 
Both  of  the  felspars  appear  to  be  considerably  altered — so  much  so  that,  except 
in  a  few  iustances,  tne  two  felspars  are  not  distinguishable  from  each  other. 
To  me  ita  position  would  appear  to  be  among  the  metamorphio  crystalline 
BchiBts.  Further  examination  of  the  rock-specimens,  althou^  parts  of  the 
Bame  nm»?,  show  great  yariety  in  the  proportions  of  the  constitnents.  In  all 
of  them  quartz  is  by  far  the  predominating  mineral ;  indeed  some  of  them  con- 
sist almost  entirely  of  it,  though  it  yaries  from  medium  crystalline  to  crypto- 
crvstalline  in  texture.  The  chlorite  is  present  in  them  all,  and  appears  to  Tary 
less  in  amount  than  the  other  minerals.  In  some  no  caldte  or  dolomite  i^ 
visible,  whiUt  in  others  both  occur  in  large  quantity.  Only  one  of  the  speci- 
raens  shows  undoubted  crystals  of  a  felspar.  It  is  evident  that  no  two  analyses 
or  microscopic  examinations  of  fragmenta  of  such  a  rook,  taken  from  a  few  feet 
apart,  could  agree." 

*  The  following  are  analyses  of  two  specimens  of  thcM  rockt,  by  Mr.  W.  H. 
Hudleston,  M.A.,  F.C.S.:- 
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bitiiiniDoiis-lookiDg  stains;  but  DothiDg  definitely  fossiliferous  in 
diaracter  has  yot  been  fonnd  in  them. 

It  is  evident  that  the  beds  in  this  section  at  Porthlisky  are  the 
hi^est  of  the  series  to  be  fonnd  in  this  neighbonrhood ;  for  the  dip 
is  invariably  towards  the  sonth-west  in  at  least  three  fourths  of  the 
whole  ridge.  The  only  place  where  I  haye  yet  fonnd  them  dipping  in 
the  oppoaite  direction  is  at  the  north-east  end  of  the  ridge.  The 
&iilts  norUi  and  sonth  of  St.  David's  do  not  seem  to  have  caused  a 
repetition  of  the  same  rocks,  but  a  slight  down-throw  to  the  south- 
east only.  It  is  evident,  therefore,  that  the  thickness  of  the  series 
must  be  enormoos ;  but  at  present  I  only  estimate  it  at  about  15,000 
feet  Section  III.  might  have  been  continued  out  as  far  as  the 
^shop's  rock,  since  at  low  water  I  have  walked  to  the  Crow  rock, 
and  have  found  the  beds  still  dipping  in  the  same  direction.  The 
dip  throughout  is  also  high,  being  generally  about  80^.  In  this 
section  there  are  several  dykes  of  igneous  rook,  which  appear  to  have 


I. 

A  gr«jiah- white  sparry  'mase,  with  a  moderate  amount  of  ^^niih  nlioate 
nd(Med.  Specks  of  metallic  Balphides,  chiefly  galena  and  pyntee.  Hard  and 
eompaet.    Sp.  gr.  2*801. 

Omitting  small  quantities,  the  following  is  the  composition : — 

Portion  soluble  in  hjdroohloric  add. 

Water 220 

AlnmitiA  (indudinff  ditMoWed    silica   and 

slight  traces  of  phosphate) 2*40 

Ferrous  oxide  (traces  of  ferric) 1*30 

lime 20-90 

MaffnesU  1250 

Oaroonio  acid    28*20 

67-50 

Portion  inaoluUe  in  hydrochloric  acid. 

Silica 2600 

Alumina  (traces  of  iron  oxide) 3' 10 

lime  1-25 

Magnesia   1*00 

Soda  and  potash  M6 

32-60 

lOOOO 

Xhe  bulk  of  the  mass  therefore  consists  of  Bparry  carbonates,  vis.  crystalline 
Mwute,  with  some  caldte.  It  is  probable  that  there  is  also  a  small  quantity 
of  amorphous  carbonate  of  lime.  In  the  soluble  portion  there  is  a  small  excess 
of  Ume  and  magnesia  beyond  what  is  necessary  to  satisfy  the  carbonic  add; 
^  together  with  some  of  the  alumina  and  a  portion  of  the  ferrous  oxide,  is 
in  combination  with  part  of  the  silica.  Some  of  it  goes  to  form  the  serpenti- 
iMXtt  or  diloritic  mineral  which  imparts  a  sreenish  tinge  to  the  mass.  In  the 
insolable  portion  of  the  analysis,  the  abuncuince  of  siUca  points  to  the  presence 
of  free  quarts^which,  indeed,  may  be  recognized  in  the  hand-spedmen ;  ana  there  is 
^  probably  some  fine  felspathic  debris,  partly  kaolinized,  which  would  account 
for  much  of  the  alumina  of  this  part  of  the  analysis.  The  insoluble  lime  and  mag- 
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been  intruded  into  the  series  before  they  were  elevated  out  of  the 
horizontal  position,  and  before  metamorphism  had  taken  place;  they 
are  probably  fine-grained  altered  dolerites,  being  columnar  in  struc- 
ture and  the  columns  at  right  angles  to  the  plane  of  the  dyke*. 


nesia  form  part  of  some  pyroxenio  matter,  which  is  evidently  distributed  througli- 
out  the  mass. 

IL 

A  greyish  green  rock  with  a  gritty  feel  and  very  uneven  fracture ;  is  penraded 
by  much  brown-coloured  spar.  6p.  gr.  of  particular  fragment  2*774.  No  me- 
tallic sulphides  noticeable. 

As  in  the  previous  case,  omitting  smaller  quantities,  the  following  is  the 
composition : — 

Portion  soluble  in  sulphuric  add. 

Water    350 

Alumina  (very  slight  traces  of  phosphate)        4*10 

Ferrous  oxide  (traces  of  manganese) 6*09 

Ferric  oxide 2*50 

lime 20-60 

Magnesia  6-70 

Carbonic  acid    20*60 

Dissolved  silica 3'  10 

67-00 

Insoluble  portion  (prindpally  silica)        83*00 


lOOOO 


The  insoluble  portion  was  not  estimated  in  this  case ;  but  the  same  fibrous 
pyroxenio  mineral  may  be  seen,  whence  there  can  be  little  doubt  that  small 
quantities  of  lime  and  magnesia  would  be  found. 

There  is  less  sparry  cari)onate  in  this  than  in  No.  I. ;  indeed  mvuAk  of  the 
carbonate  of  lime  would  seem  to  be  amorphous.  The  brown  spar  is  a  ferriferous 
dolomite,  which  in  some  specimens  exhibits  the  curved  oleavaee  of  that  mineral 
very  distinctly.  The  rest  of  the  soluble  magnesia  goes  to  form  the  chloritio 
matter,  which  is  uniformlv  disseminated,  and  which,  along  with  the  quartz,  and 
probably  some  fine  felspathio  debris,  constitutes  a  large  portion  of  the  rock. 

However  we  might  hesitate  about  No.  I.,  there  can  be  very  little  doubt  that  No. 
II.  has  all  the  appearances  of  having  been  a  mechanical  aggregate. 

The  following  is  a  description  of  some  sections  of  this  dolouiitic  rock,  by  Mr. 
T.  Davies,  F.Q.S : — **  In  thin  sections  the  principal  mass  of  the  rook  is  seen  to 
consist  of  a  crystalline  rhombohedral  carbonate  (either  caldte  or  a  dolomite), 
varying  somewhat  in  texture.  The  numerous  interstices  and  cavities  have  been 
lineid  with  distinct  rhombohedral  crystals  of  the  mineral  constituting  the  mass. 
These  interspaces  have  subsequently  been  filled  up  with  quarts,  in  a  few  in- 
stances accompanied  by  clear  caldte,  easilv  distmguishable  from  the  rock- 
mass.  The  rock  is  but  semitranslucent  when  prepared  very  thin,  which  is 
owing  to  the  presence  of  a  grey  opaque  minutely  divided  substance,  which  per- 
vades pretty  evenly  the  whole  mass ;  its  nature  is  entirely  unrecognisable  by 
the  microscope.  The  quartx  encloses,  in  cavities  and  minutely  diffused,  a  con- 
siderable amount  of  a  fine-grained  granular  material,  probably  of  the  same 
nature  as  that  pervading  the  remamder  of  the  rook :  some  of  the  cavities  also 
contain  a  structureless  substance,  apparently  a  chlOTitio  mineral,  varying  in 
colour  from  a  grass-green  to  grey." 

*  In  genera]  appearance  these  altered  dolerites  are  scarcely  distinguishable  at 


Digitized  by  VjOOQIC 


H.  BJCKS  OK  THB  PBE-CAXBRTAIT  BOCKS  OF  8T.  BAVId's.  235 

One  of  these  dykes  may  be  examined  just  above  the  last  limestone- 
Und  in  section  III.,  and  another  in  the  Forthclais  valley  on  the 
etst  aide  near  the  lime-kilns. 

Pebidian. 

IlieBe  rodcs  everywhere  rest  unoonformably  on  the  Dimetian,  the 
beds  being  usually  at  a  very  high  angle,  almost  vertical  and  sometimes 
eren  slightly  inverted.  As  may  be  seen  by  the  map  (PL  X. ),  they  ex- 
tend all  along  both  sides  of  the  ridge,  with  the  exception  of  a  small 
area  at  the  nOTth-east  end  and  where  they  are  cut  off  towards  the 
sooth  end  by  faults.  The  strike  is  for  the  most  part  from  W.S.W. 
to  E.N.E.,  or  parallel  with  the  ridge.  They  vary  considerably  in 
thickness,  showing  at  some  places  less  than  500  feet,  and  at  others 
OTer  2000  feet,  the  thickness  being  dliiefly  regulated  by  the  amount 
of  the  overlap  by  the  Cambrian  conglomerates,  which  have  a  strike 
neariy  in  a  Ime  with  them,  but  dip  usually  at  a  lower  angle.  These 
rocks,  like  the  Dimetian,  are  always  greatly  metamorphosed,  and 
consist  chiefly  of  indurated  shales,  often  porcellanitic  in  character. 
In  the  more  compact  masses  the  stratification  is  generally  indicated 
by  narrow  dark  lines,  which  give  the  rock  a  rather  pretty  banded 
appearance.  The  beds  are  also  frequently  intersected  by  closely 
approximated  joints. 

The  lower  beds  oi  the  series,  or  those  resting  immediately  on  the 
Dimetian  axis,  are  hard  compact  conglomerates,  in  which,  however, 
from  the  great  change  which  they  have  undergone,  the  distinctive 
oatline  of  the  pebbles  is  for  the  most  part  lost.  The  conglomerate 
seems  to  be  chiefly  composed  of  masses  of  quartz  and  altered  shale, 
or  snch  masses  as  might  have  been  derived  from  the  underlying 
nx^,  afterwards  very  closely  cemented  together.  The  best-exposed 
sections  are  at  Nun's  Well,  on  the  coast  south  of  St.  David's,  to  the 
east  of  the  fault,  and  on  both  sides  of  the  Caerbuddy  valley  to  the 
east  of  St.  David's.  They  may  also  be  seen  in  the  St.  David's 
^ey  to  the  north  and  south  of  the  Cathedral :  but  here  super- 
ficially they  differ  somewhat  in  their  appearance  from  those  in  the 
sections  to  the  south  of  the  ridge,  being  less  compact,  and  decom- 
posing more  readily.  The  more  BoHd  portions,  however,  when  ex- 
amined, indicate  a  rock  of  the  same  texture  as  that  in  the  other 


^  sight  from  some  of  the  extremely  altered  schists ;  but  when  seen,  as  they 
•onietimes  are,  aasooiated  with  and  penetrating  the  schists,  the  columnar  struc- 
tore,  always  Tery  martred,  at  once  points  them  out.  They  were  intruded  into 
^^oe  rocks  at  a  rery  early  period ;  henoe  they  have  also  simered  from  the  great 
cbanget  to  which  me  rocks  have  been  subjected.  This  alone  might  account  for 
■ome  of  the  appearances,  and  for  the  similarity  in  character.  Prof  Judd,  F.G-.S., 
^  kindly  examined  two  sneoimens  of  this  rock  for  me  microscopically ;  and  he 
JJ^ports  as  follows : — "  The  base  and  enclosed  minerals  are  both  pseudomoi^ous. 
1^  rook  now  consists  of  seolitic  minerals,  calc-spar,  and  'yiridite;'  but  the 
fomis  of  the  original  felspar  crystals  can  clearly  be  traced,  and  there  is  very  little 
^bt  that  the  rock  is  a  greatlv  altered  '  dolerite/  It  would  be  called  by  con- 
tinental writers  a  *  melaj^yre/" 
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sections.  Most  of  the  harder  compact  conglomerates  have  been 
dropped  in  the  hill  north  of  the  Cathedral  by  a  fanlt  ronning  in 
a  NJS.  direction  almost  at  the  junction  there  of  these  beds  with 
the  Dimetian  axis.  It  is  more  than  probable,  howeyer,  that  the 
conglomerates  on  the  west  side  of  the  St.  David's  valley  are  these 
conglomerates  repeated,  as  they  have  none  of  the  usual  appearances 
of  the  Cambrian  conglomerates.  A  tolerably  thick  series  may  also 
be  seen  in  section  in  the  valley  between  Uanhowell  and  Carvoriog ; 
and  the  hard  conglomerate  beds  creep  up  above  the  general  sorfaoe 
near  the  road-side  between  Llanhowell  and  Treglemaish,  and  near 
Bryn  close  by  the  fault.  To  examine  the  series  generally,  however, 
the  first  two  sections  mentioned,  viz.  Nun's  Well  and  Caerbuddy 
Valley,  offer  the  best  opportunities.  The  lower  conglomerates  are 
well  seen  on  the  St-David's  side  of  the  valley  just  above  Ciegyr 
Bridge,  and  the  fine  compact  porcellanite  beds  in  some  quarries 
in  the  valley  about  midway  between  the  bridge  and  the  milL 
Immediately  above  the  mill  the  conglomerates  of  the  Cambrian  rest 
unconformably  upon  the  poroellanites ;  and  masses  of  the  latter  may 
here  be  seen  in  the  conglomerates.  At  Nun's  Well  Cliff  the  porcel- 
lanite beds  are  seen  in  section  perfectly  vertical,  with  the  conglome- 
rates again  resting  upon  them  unconformably.  A  thick  dyke  of 
compact  quartz  porphyry  cuts  across  the  beds  at  this  point,  but  does 
not  penetrate  the  Cambrian  above  *.  This  is  shown  in  the  following 
section : — 

Section  at  Nun's-WeU  Bay,  extending  frwn  above  the  Well  to  the 

Coast. 


N.K.W. 


8.8.B. 


Pebidian. 


♦  Prof.  Judd  reportfl  as  follows  of  these  porphyries,  the  best  specimens  of 
which  are  found  in  the  Clegyr  valley  near  T^epuet : — "  The  base  shows  little 
besides  zeolitio  minerals  ana  patches  of  '  viridite,'  the  latter  probably  derived 
from  some  bomblendic  constituent.  But  the  quarts  veins  are  numerous,  and 
of  large  size,  and  exhibit  the  stone  and  (liquid?)  enclosures  so  common  in 
quarta-Dorphyries.  Some  of  the  large  quartz  grains  are  beautiful  double 
pyramids,  with  the  intervening  prism  scarcely,  if  at  all,  developed.  There  are 
large  felspar  crystals,  some  of  which  are  very  little  altered  ;  and  the  latter  are 
oertmnlj  pla^ioclase.  There  cannot  be  the  smallest  doubt,  therefore,  that  this 
rock  was  a  giutrtz-porpht/rite. 

"  The  rock  presents  the  most  remarkable  identity  of  character  with  the  gold- 
bearing  quartz-porphyrite  of  Cstatye,  near  Vorospatak,  in  Transylvania,  which 
is  an  eruptive  rock  of  Neogeue  age.  It  is  probably  the  oldest,  quartz- 
porphyrite  yet  noticed.'* 
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Besides  flankmg  the  Dimetian  axis  as  already  desoribedy  the 
Pebidian  rocks  are  again  exposed  supporting  the  Cambrians  at 
sereral  places  in  the  neighbourhood.  The  part  coloured  as  intrusive 
greenstone  in  the  Survey  map,  running  nearly  parallel  with  Baaisey 
Sonnd,  is  made  up  of  these  rocks  with  a  few  intrusive  dykes ;  and 
the  bedding  isf  or  the  most  part  quite  distinct.  The  width,  how- 
ever, is  greater  at  the  upper  part  than  that  which  is  coloured  as 
greenstone,  since  it  includes  here  in  addition  the  part  coloured  as 
altered  Cambrian,  which  extends  on  the  west  side  from  Bhosson  to 
the  fEiolt  at  the  Burrows.  It  seems  tolerably  evident  also  that  the 
^MLoe  iutervening  between  this  patch  and  the  St.-Bavid's  ridge  will 
be  found  to  be  occupied  entirely  by  these  rocks,  as  wherever  an  ex- 
posure is  seen  the  rocks  have  more  the  character  of  the  Pebidian 
than  of  the  Cambrian  beds. 

The  appearance  of  the  rocks  in  this  exposure  is  much  like  that 
at  St  David's ;  but  there  is  a  larger  proportion  of  greenish  and 
pQiplisb  schists  alternating  with  the  compact  porcellanitio  shales. 
Afl  the  beds  lie  at  "a  high  angle,  seldom  under  70°,  there  is  probably 
exposed  here  at  the  widest  part  a  thickness  of  no  less  than  3000  feet. 
Hie  Cambrian  conglomerates,  entirely  unaltered,  rest  unconformably 
on  them  to  tho  west  of  Ehosson  rook,  and  can  be  traced  almost 
continuously  along  the  western  side.  On  the  eastern  side,  in 
Porthlisky  harbour  and  at  Trevithan,  some  of  the  conglomerates  at 
the  base  may  be  seen.  They  seem  identical  in  character  with  the 
conglomerates  in  the  St.-David's  valley  ;  so  there  is  every  probability 
that  we  have  a  repetition  of  the  whole  series  in  the  intervening 
space,  and  that  the  altered  beds  here  do  not  belong  to  the  Cambrian 
aeries,  as  marked  on  the  maps  and  sections.  Another  patch  may  be 
seen  at  the  south-western  side  of  Bamsey  Island,  a  triangular 
maas  rising  up  into  a  bold  hill  about  400  feet  in  height.  This  is 
coloured  as  greenstone  intruded  into  the  Arenig  rocks  in  the  Survey 
maps.  The  beds  composing  this  hill  are  compact  porcellanites,  like 
those  near  St.  David's ;  and  the  bedding  is  also  easily  traced.  The 
Cambrian  conglomerates  are  to  be  seen  resting  unconformably  upon 
the  beds  along  the  north-east  edge. 

The  fJEtuIt  in  Ramsey  Sound,  eJong  with  the  numerous  ones  to  be 
traced  in  the  island,  have  so  altered  the  position  of  this  portion  that 
the  line  of  strike  of  the  beds  has  here  been  quite  changed  as  com- 
pared with  that  in  the  other,  greater  masses  more  inland.  There 
ve  but  few  beds  of  the  Lower  Cambrian  series  exposed  in  the 
isiand ;  bat  fortunately  the  conglomerates  at  the  base  are  well  seen 
«t  the  spot  already  mentioned,  with  a  strike  from  W.N.W.  to 
£•&.£.,  and,  as  in  the  other  places  where  they  rest  on  the  Pebidian 
rocks,  in  an  unaltered  state.  On  the  east  side  of  this  mass  is  a 
great  fault,  which  has  brought  the  upper  beds  of  the  Arenig  series 
down  upon  the  Pebidian  rocks. 

The  faults  in  Bamsey  Island  are  highly  instructive;  for  the 
results  usually  are  of  enormous  importance,  and  such  as  would  be 
productive  of  almost  insurmountable  difficulties  in  an  inland  or 
covered  district.    Here,  however,  they  can  be  traced  in  precipitous 
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coast  seotums ;  and  freqaently  the  line  can  be  followed  right  across 
the  island  fh>m  side  to  side,  as  the  sorface  is  almost  entirely 
barren.  The  fault  on  the  east  side  of  the  hill  has  a  doTrnthrow 
of  at  least  14,000  feet,  as  the  Arenig  beds  found  here  are  the 
highest  in  stratigr^^eal  position  in  that  group.  The  fiiult  which 
meets  it  at  the  N^.  end  has  also  a  downthrow  of  nearly  equal 
extent,  sinoe  the  Arenig  beds  are  again  brought  down  against  the 
▼ery  lowest  beds  of  the  Cambrian. 

About  eight  miles  to  the  east  of  St.  David's,  on  the  coast  near 
Newgate  Sands,  there  is  an  oblong  patch  coloured  as  granite  in  the 
Survey  map.  This,  again,  is  made  up  of  these  Pebidian  beds,  in 
somewhat  the  same  state  of  alteration  as  in  the  other  places  men- 
tioned ;  and  the  Cambrian  oonglomerates  again  rest  upon  tiiem  nn- 
conformably.  It  is  more  than  probable  that  there  are  other  expo- 
sures of  these  rooks  to  the  east  of  the  areas  already  described,  and 
that  portions  at  least  of  the  so-called  granites  of  Brawdy  and  Hays- 
castle,  and  of  the  felstones  to  the  nortii  of  Llanrithan,  will  prove  to 
be  made  up  of  these  metamorphosed  Pebidian  beds.  My  researches 
in  these  neighbourhoods  hitherto,  however,  have  not  been  sufficient 
to  enable  me  to  speak  decidedly  on  this  point,  though  I  have  recog- 
nized in  these  masses  rocks  of  like  character  to  those  at  St.  David's, 
and  have  already  obtained  facts  which  tend  to  show  that  the  unaltered 
Cambrian  beds  overlie  these  also  unconformably. 

The  Pebidian  rocks,  in  consequence  of  having  a  strike  frequently 
nearly  identical  with  that  of  t]be  overlying  Cambrians,  have  been 
included  with  the  latter  in  some  of  my  former  papers,  tiiough  even 
in  these  I  always  pointed  out  that  they  formed  a  distinct  group  in 
that  formation.  Finding  on  further  examination,  however,  that  the 
two  groups  are  everywhere  unconformable  to  one  another,  that  the 
rocks  in  the  one  are  throughout  always  highly  metamorphosed, 
and  in  the  other  unaltered,  and,  what  is  still  more  important,  that 
the  true  Cambrian  conglomerates  undoubtedly  contain  masses  of  the 
underlying  rocks  in  their  altered  state,  very  frequently  as  pebbles,  I 
have  thought  it  necessary  to  distinguish  them  from  one  another  by  a 
stronger  line,  and  hence  have  in  this  paper  classed  these  lower  beds 
under  the  new  name  of  Pebidian.  It  is  certain  that  some  of  the 
boundaries  of  these  rocks  will  yet  have  to  be  enlarged,  and  that 
most  of  the  patches  coloured  as  altered  Cambrian  will  prove  to  be 
made  up  of  these  rocks.  In  this  paper  my  endeavour  has  chiefly 
been  to  point  out  spots  where  the  unconformity  between  them  and 
the  Cambrians  above,  or  the  Dimetians  below,  is  well  marked, 
rather  than  to  give  the  superficial  areas. 

Conclusions. 

From  the  foregoing  remarks  it  will  be  seen  that  nearly  all  the 
large  so-called  intrusive  masses  associated  with  the  lower  Cambrian 
ro€^  in  the  promontory  of  St.  David's  are  only  highly  meta- 
morphosed sedimentary  rocks — and  that,  instead  of  being  intruded 
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into  the  Cambrian  rocks,  the  latter  really  rest  upon  and  have  been 
for  the  most  part  derived  from  them.  One  mass  in  Ramsey  Island, 
which  was  supposed  even  to  have  been  intruded  into  the  Arenig 
ro^s,  consiBts  only  of  these  altered  beds  with  the  Arenig  rocks 
brought  down  against  it  by  enormous  faults. 

In  these  metamorphosed  rocks  are  found  two  distinct  formations 
unconformable  to  one  another.  Moreover  the  rocks  belonging  to 
these  formations  not  only  show  clear  evidence  of  having  undergone 
the  several  changes  of  depression,  elevation,  and  metamorplusm, 
previous  to  the  deposition  of  the  Cambrian  rocks,  but  also  that  the 
(me  had  undergone  all  these  changes  before  the  deposition  of  the 
other.  It  is  evident,  therefore,  that  these  Bimetian  and  Pebidian 
rocks  formed  portions  of  islands  or  continental  lands  in  Pre- 
Gunbhan  times,  and  that  they  were  subsequently  depressed  to 
receive  the  sediments  now  known  to  us  under  the  name  of  Cambrian. 

The  various  and  firequent  changes  to  which  these  rocks  must  have 
been  subjected  since  they  were  deposited,  and  which  produced  the 
very  hig^  state  of  metamorphism  in  which  they  are  now  found, 
woold  doubtless  also  be  more  than  sufficient  to  have  removed  all 
tnoes  of  any  organisms  that  may  have  been  present  in  them  at  first. 
Therefore  the  absence  of  fossil  evidence,  when  the  high  state  of 
metamorphism  is  taken  into  consideration,  does  not  in  any  way  tend 
to  the  conclusion  that  the  seas  or  continents  during  the  early  epochs 
represented  by  these  rocks  contained  no  animal  or  vegetable  life. 
Indeed  it  would  be  most  unnatural  if  such  were  the  case ;  for  the 
mode  of  deposition  and  character  of  the  sediments  indicate  suitable 
marine  conditions,  and  also  that  there  was  nothing  in  the  chemical 
diaracter  or  heat  of  the  water  which  could  be  detrimental  to  life. 
Moreover  the  limestones,  and  the  large  proportion  of  carbonate  of 
lime  found  in  some  of  the  indurated  shales  and  quartz  schists,  seem 
strong  evidence  of  the  presence  of  life  at  the  time  they  were  de- 
posited— ^indeed,  to  my  mind,  are  sufficient  proof  of  there  having 
been  the  direct  intervention  of  life  itself. 

As  fkr  as  can  at  present  be  made  out,  these  rocks  seem  to  hold 
the  same  position  in  regard  to  the  Cambrian  series  as  do  the 
Laurentian  rocks  in  Canada ;  and  there  are  many  points  of  resem- 
Uance  in  the  rocks  themselves.  The  Malvern  rocks  described  by 
Dr.  HoU,  and  some  altered  beds  mentioned  by  Mr.  Maw  as  under- 
lying unconformably  the  Cambrians  in  the  Llanberis  slate -quarries, 
prolMtbly  belong  fo  one  or  other  of  these  series,  as  also  the  gneissose 
rocks  in  the  west  of  Scotland  and  in  Norway,  Sweden,  &c.  Still,  as 
there  is  an  entire  absence  of  fossil  evidence,  and  frequently  of  sue- 
cessional  evidence  also  in  some  of  these  places,  I  feel  at  present  that 
any  attempt  at  a  general  correlation  would  be  premature. 


EXPLANATION  OP  PLATE  X. 
Map  and  Sections  of  Pre-Oambrian  Rooks  near  St.  David's. 
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Discussion. 


Irtgfawau 


Mr.  JuDD  thought  that  Mr.  Hicks  had  proved  that 
St  David's  two  series  of  rocks  older  than  the  Oambi 
whether  these  were  of  volcanic  or  of  sedimentary  originl 
fiiL    He  thought  the  author  was  right  in  not  attemptingi 
the  rocks  described  by  him  with  any  foreign  formations 
total  absence  of  palseontological  evidence,  the  mere  fact 
America  and  Europe  the  Cambrian  strata  were  found  tal 
formably  underlain  by  other  rocks,  was  no  proof  what< 
contemporaneity  of  the  latter  in  the  two  areas. 

Mr.  EoRBBs  had  heard  Mr.  Hicks's  paper  with  much 
the  more  so  from  his  having  studied  in  Norway  a  series 
closely  resembling  the  specimens  shown  on  the  table 
be  impossible  to  distinguish  them  by  the  eye.     Like  thi 
St.  David's,  those  in  Norway  were,  frota.  their  stratigrap] 
tion,  evidently  older  than  the  Cambrian ;  but  not  being  ~ 
nothing  definite  as  to  their  geological  age  could  be  detei 
thought  Mr.  Hicks  had  done  wdl  in  applying  new  names 
rooks,  rather  than,  as  has  been  too  often  the  case,  calling 
below  the  Cambrians  Laurentian,  especially  as  these  roci 
as  those  very  similar  to  them  which  he  had  met  with  in 
and  Sweden,  were  very  different  in  petrological  character 
original  Laurentian  rocks  of  Canada. 

Prof.  Seelet  objected  to  the  adoption  of  such  names  as 
employed  by  the  author,  as  standing  in  the  way  of  the  r< 
of  the  probable  correlation  of  these  beds  with  the  older 
north  of  Scotland.     The  northern  crystalline  rocks  under 
conditions  of  pressure  might  acquire  the  same  structure  as 
Wales. 

Prof.  Hughes,  in  reply  to  a  question  of  Mr.  Blake's,  poini 
that  the  strike  of  the  Dimetian  was  nearly  at  right  angles  to 
the  overlying  series,  so  that,  although  the  breadth  of  the 
shown  in  the  map  was  small,  there  was  quit>e  a  sufficient 
exposed  across  the  edges  of  the  beds  (with  a  dip  of  80°)  to  givo] 
thickness  assigned  to  the  series  by  Mr.  Hicks.    The  thickness 
have  to  be  corrected  for  other  reasons,  as  it  was  difficult  in  su( 
highly  metamorphosed  series  to  determine  whether  the  most 
spicuous  divisional  planes  were  io  every  case  to  be  referred 
bedding.     He  thought  there  was  much  value  in  the  suggestions 
Prof.  Seeley,  though  they  did  not  weaken  the  case  brought  forwi 
by  Mr.  Hicks.    It  was  most  unsafe  to  try  to  identify  these  rocks 
separate  districts  by  lithological  characters  alone ;  and  it  was 
that  conglomerates  at  slightly  different  horizons  near  the  base 
one  and  the  same  group  might,  especially  when  metamorphosed, 
mistaken  for  the  commencement  of  a  new  series.     But  in  the 
before  them  other  tests  also  had  been  applied,  and  other  proofs  of 
unconformity  were   adduced,  such  as  discordancy  of  strike,  the 
occurrence  of  fragments  of  the  immediately  underlying  groap  in  the 
overlying  conglomerates,  &c.    He  was  unable  to  recognize  any  thing 
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Hka  csgasifiins  in  the  spedmens  referred  to  by  Mr.  HioikB,  but 
thought  that  foBoh  would  probably  be  found  in  the  series  by  and 
by.  He  described  the  beds  passed  through  in  the  adit  to  the  slate- 
quany  on  Moel  Try£&en,  south  of  Caemaryon,  and  thought  there 
▼as  much  reason  for  considering  them  Pre-Cambrian ;  but  they 
appeared  to  him  to  resemble  more  the  Dimetian  of  Mr.  Hicks  than 
the  Pebidianc  beds. 

Mr.  ErHSRineB  said  that  these  rooks  of  St.  David's  are  so  special 
that  Uie  author  -was  justified  in  proposing  new  names  for  thenu 
He  confirmed  the  author's  statement  as  to  &e  extent  of  the  faults 
in  Bamsey  Island. 

Mr.  Httdlktob  wished  to  call  attention  to  the  character  of  some 
of  the  rocks  to  which  Mr.  Hicks  had  alluded,  and  more  especially  to 
a  daas  of  rodks  called  ^'dolomites,"  which  occurred  in  beds  of  mode- 
rate thickness.  The  specimen  examined  was  not  a  true  dolomite, 
but  rather  a  calci-dolomite,  the  proportion  of  lime  being  too  great. 
Moreover,  with  the  carbonates  were  mixed  silicates  of  probably  no 
rery  defixiite  constitution.  With  these  was  associated  a  moderate 
amount  of  a  serpentinous  or  chloritio  substance  which  pervaded  the 
rock,  and  was  more  plentiful  and  better  defined  in  some  other  spe- 
cimens. Such  a  rock  was  evidently  now  much  altered  from  its 
original  state;  and  there  were  two  alternatives  which  seemed  to 
present  themselves;  either  we  had  here  a  rock  which  had,^ perhaps 
been  broken  down  from  a  highly  crystalline  state ;  or,  what  was  far 
more  likely,  its  present  condition  was  the  result  of  alteration  from  a 
mady  and  gritty  mud,  whose  original  constituents  had  arranged 
themselves  into  crystalline  forms  more  or  less  complete  according  to 
their  several  affinities. 

Eev.  H.  H.  WiBWoon  objected  to  the  term  Pebidian  as  being 
merely  derived  from  the  name  of  a  Hundred,  and  not  possessing  any 
generally  intelligible  connexion  with  the  locality  in  which  the  rocks 
in  question  occur. 

The  AuTHOB,  in  reply,  stated  that  the  names  used  by  him  were 
local  and  applied  to  ttie  district.  He  considered  that  the  succession 
of  the  Scotch  rocks  was  not  well  determined,  and  ttiat  therefore 
they  could  not  yet  be  correlated  with  the  Welsh  deposits. 


Q.J.G.B.Ko.130.  B 
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16.  On  PniBETBOBPONeiA  Strahani,  SoUas,  a  fossil  Holobhaphi- 
DOTB  Spokob  from  the  Cambridob  "  Coproutk"  bbd.      By  W. 
J.  SoLLAB,  Esq.,  B.A.,  F.G.8.,  SchoTar  of  St.  John's  College, 
Cambridge.    (Read  December  20,  1876.) 
[Plate  XI.] 

In  the  collection  of  Cambridge-Greensand  fossib  exhibited  in  the 
Woodwardian  Museum,  Cambridge,  may  be  seen  some  rather  large 
and  irregular  fossil  sponges  bearing  the  name  of  Chenendopara^  sp. 
These  are  the  sponges  referred  to  under  this  name  by  Mr.  Bonney, 
in  his  Text-book  of  Cambridgeshire  Geology  (p.  41),  and  included, 
also  with  the  same  generic  designation,  by  Mr.  Jukes-Browne  ♦  in 
the  lists  of  fossils  given  by  him  at  pages  311  and  313  of  his  paper 
"  On  the  Relations  of  the  Cambridge  Gault  and  Greensand."  The 
responsibility  for  the  name  rests,  however,  solely  with  the  Museum 
authorities,  the  authors  cited  having  simply  quoted  from  the  labels 
attached  to  the  specimens  in  the  Museum,  the  correctness  of 
which  they  naturally  took  for  granted.  Why  the  sponge  is  named 
^*  Chenendopora  ^'  I  do  not  know ;  certainly  it  does  not  possess  th^ 
characters  of  that  genus  as  founded  by  Lamouroux,  nor  does  it  cor- 
respond with  any  of  the  subsequently  described  species  of  the  genus 
witii  which  I  am  acquainted ;  it  is,  though  long  known  to  Cambridge 
collectors  as  an  abundant  form,  an  undescribed  species,  and,  from  the 
very  important  features  it  presents,  merits  a  detailed  investigation. 

OuUr  Form. — ^The  Sponge  consists  essentially  of  a  somewhat  thick 
plate,  which,  by  folding  in  various  ways,  and  by  uniting  with  itself 
wherever  its  sides  are  folded  into  contact,  gives  rise  to  a  great 
diversity  of  forms ;  thus  it  is  sometimes  merely  a  curved  plate, 
sometimes  more  or  le^  cup-shaped,  while  often  it  is  contorted  into 
an  intricate  pattern,  which  is  made  still  more  intricate  by  the  ana- 
stomosis of  the  plate  at  every  point  of  contact. 

The  Plate. — This  in  its  present  condition  is  a  solid  mineral  plate, 
the  two  faces  of  which  are,  on  the  whole,  parallel  to  each  other  and 
connected  by  rounded  edges ;  its  thickness  is  constant  in  the  same 
specimen,  or  nearly  so,  and  varies  only  within  narrow  limits  in 
different  specimens  ;  numerous  measurements  give  ^  of  an  inch  for 
the  mean  ^ckness. 

From  the  constancy  in  thickness  of  the  plate  we  may  infer  that  it 
increased  chiefly  by  additions  to  its  edges;  thus  its  growth  was 
marginal. 

The  Sponge. — The  plate,  by  the  more  rapid  growth  of  one  surface, 
becomes  curved,  sometimes  to  such  an  extent  as  to  form  bowl-shaped 
or  cup-like  sponges ;  in  this  manner  the  general  curvature  from 
a  to  ^  of  the  specimen  represented  in  PL  XI.  fig.  1,  has  been  pro- 
duced.    The  diagram,  Fig.  1,  is  a  section  showing  this  curve. 

If  the  rate  of  growth  of  the  peripheral  portions  progressively 

•  Quart  Jouni.  Geol.  See.  toI.  xxxi.  (1875). 
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mcrease,  the  edge  will  andalate  on  each  side  of  an  imaginary  median 
plane,  and  thns  the  gentle  folds  a  6  c,  of  PL  XI.  fig.  1:,  shown  in  th& 
diagram,  Fig.  2,  may  ha^e  arisen. 


Pig.  1. — Section  of 
curve  of  Sponge^ 


JFig.  2. — Section  of 
undulated  form. 


Fig.  S.-^ection  of 
recurved  fold. 


Fig.  4. — Diagram  of  approxi-^ 
mated  aides  of  a  fold. 


The  folds. so  prodnced  become  more  marked,  and  one  or  more  may 
increase  so  as  to  become  recurved,  as  at  PL  XI.  fig.  1  e,  here  repre- 
sented in  profile  (Fig.  3). 

The  recnrved  fold,  condnning  its  growth,  may  reach  the  surface 
towards  which  it  tends,  and  then,  by  union  with  it,  form  a  tubular 
process;  the  latter,  however,  more  usually  arises  from  the  union 
of  the  sides  of  a  fold  which  have  grown  towards  each  other,  e.g. 
n.  XI.  fig.  1  e  (and  in  the  diagram.  Fig.  4). 

.  The  for^:oing  changes  may  be  observed  in  most  of  the  stages 
described  in  one  and  the  same  specimen,  e.  g.  that  represented  in 
PL  XI.  fig.  I ;  and  thus  the  originally  simple  plate  may  develop 
into  a  very  complex  whole ;  and  since  the  form,  proximity,  size, 
and  complexity  of  its  foldings  differ  in  different  specimens,  the 
sponge  well  deserves  to  be  described  as  "  polymorphous." 

In  most  of  the  specimens  from  the  Greensand  the  hollow  tubular 
processes  and  nearly  closed  folds  are  filled  up  with  hardened  chalk- 
marl,  which  must  be  removed  before  one  can  analyze  into  its  ele- 
ments a  form  which  at  first  sight  appears  to  be  almost  inextricably 
complicated. 

General  Structure. — ^The  plate  is  composed,  as.  may  leadily  be  seen 
on  brealdng  it,  of  an  irregular  or  vermiculate  network,  consisting 
of  white  calcareous  fibres  imbedded  in  a  solid  matrix,  either  of  har- 
dened calcareous  or  compact  phoaphatic  material.  The  ordinary 
intermeshes  of  the  network  are  not  markedly  modified  either  for  the 
outflowing  canals  or  for  their  oscular  openings ;  hence  the  oscules 
are  small  (the  earlier  writers,  on  fossil  sponges  would  have  said 
^  absent "),  and  the  exourrent  canals  are  scarcely  indicated  in  the 
skeleton. 

Nevertheless  there  is  a  clear  distinction  between  the  two  surfaces 
of  the  sponge,  accompanying  a  differentiation  by  which  the  one  is 
spedally  set  apart  as  an  oscular  face  and  the  other  as  originally  a 
poriferous  one. 

k2 
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Oteular  Surface.— This  (PI.  XI.  fig.  2)  is  smooth  all  oier  ^ 
much  more  even  than  the  other  face ;  ihe  fibres  of  its  network 
broader  than  those  of  the  interior  skeleton ;  and  their  eocposed  oi 
sides  are  flattened  so  as  to  lie  in  the  same  plane  as  the  gen 
surface  of  the  piste,  which  thus  acquires  its  notioeable  amoothn 
the  intermeshes  are  more  or  less  circular  in  outline ;  and  som 
them  increase  at  the  expense  of  their  neighbours,  indicating  a  \ 
dency  towards  the  formation  of  more  speoalized  oscular  openinj 

This  surface  is  always  found  in  the  interior  of  the  tubular  ] 
ccBses  or  closed  folds  of  the  sponge,  and  on  that  side  of  the  | 
which  is  continuous  with  the  interior  of  the  tubular  prooc 
through  their  proximal  openings  (fig.  5,  e).  The  oi^er  siufaoe 
cupies  just  the  opposite  position,  covering  the  face  which  exU 
over  the  exterior  of  the  tubular  processes  (fig.  5,  a).  It  is  from 
relative  position  of  the  two  surfaces  that  we  are  able  to  deten 
which  is  the  oscular  and  which  the  poriferous  one — since  in  all 
eent  tubular  sponges  the  oscules  are  confined  to  the  inside  of 
tube,  while  the  outer  side  is  occupied  by  the  pores ;  and  hence 
clear  that  the  surface  we  have  described  above  must  be  the  osc 
one,  while  the  one  to  which  we  now  proceed  and  which  coven 
exterior  of  the  tubular  prolongation,  must  be  the  poriferous  lay< 

Poriferous  Surface, — ^This  (PL  XI.  fig.  3)  is  rough  and  irregi 
owing  partly  to  the  fact  that  the  filnres  of  its  network  retain 
form  of  those  in  the  interior,  and  do  not  undergo  any  ezpansio] 
the  plane  of  the  surface,  and  partly  also  to  the  fact  that  the  net? 
ig  produced  irregularly  in  places  above  the  general  surface  of 
plate,  rising  and  falling  in  minute  ridges  and  furrows.  In 
dition  to  the  minor  inequalities  so  produced,  there  are  inequal 
on  a  larger  scale,  such  as  the  long  and  rounded  ridges  and 
rows,  the  pits  and  dimples  which  mark  the  surface  of  the  «p 
men  represented  in  PI.  XI.  fig.  1  at  r  and/>.  The  poriferous^ur 
is  continued  over  the  edges  of  the  plate,  and  sometimes  intrude 
a  slight  extent  on  the  oscular  face,  as  is  well  seen  at  the  moi 
of  the  tubular  prolongations,  where  the  poriferous  surface  covers 
only  the  lips  but  dips  for  a  short  distance  into  the  interior  of 
tube,  as  is  exhibited  in  the  following  section  (Fig.  5). 

Fig.  5. — Diagram  section  of  a  ivhvUar  prohngadon. 


«,  tt.  Poriferoufl  surface.  e.  Tubular  prooess.       e.  Oscular  suxfiM 

6.  Biatal  opening  or  mouth.       d.  Proximal  end. 


\ 
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Imrngtlietena"  poriferous"  surfiu^e,  we  do  not,  of  course,  mean 

fherelj  to  imply  that  the  intermeshes  of  the  network  of  this  snrfEtee 

ndOf  represent  the  pores  of  the  sponge,  hnt  simply  that  the  snrfAce 

»  now  antoseolar  and  was  originally  in  close  proximity  with  a  poii- 

ferons  layer.     The  intermeshes,  in  all  prolMihility,  represent  the 

epeaings  of  the  incnrrent  canals  that  proceed  from  the  **  intermar- 

^nal  cs^tiea''  of  the  living  sponge,  of  whi^  intermarginal  cayitiea 

we  seem  to  have  indications  in  those  minute  fturows  which  we  have 

Bontioned  as  giving  a  characteristio  irregularity  to  the  poriferous 

smftce^  If  this  is  the  meaning  of  these  furrows,  they  ought,  according 

to  ill  analogy,^  to  have  been  roofed  over  in  the  living  sponge  by  a 

idieate  network  for  the  support  of  the  pores  ;  and  that  we  do  not 

•teerva  this  now,  is  due  to  itis  disappearance  alter  death,  either  by 

deeay^  or  by  attrition  on  the  sea-floor. 

Siuih  a  BUfperficial'  network  would  be  connected  with  that  which 
frigiBaUy  Ibmed  the  floor  of  the  intermarginal  cavities  (and  which 
now  Hea  exposed  as  the  poriferous  surface)  by  transverse  fibres 
passing  fk*om  one  to  the  other :  the  outer  ends  of  these  fibres  would 
disappear  along  with  the  network  they  supported ;  but  ihe  internal 
or  basal  ends  m^ht  be  expected  to  remain  attached  to  the  network 
ftcfttk  which  they  spring.  Of  this  nature  appear  to  be  certain  conical 
«pine9  produced  approximately  at  right  angles  from  the  network  of 
the  poriferous  surface,  and  contributing  to  its  general  asperity  :  it 
JB  ferae  tlieee  s^^es  mig^t  possibly  be  l^e  free  ends  of  growing  fibres 
which  irere  never  attached  to  the  outer  network;  but  since  the  sponge 
grew  marginally,  and  these  are  found  on  the  wide  surface  of  the  plate, 
thir  latter  view  seems  less  likely,  and  I  think  we  may  safely  regard 
the  spines  of  the  poriferous  surfSace  as  the  remains  of  fibres  which 
once  supported  a  poriferous  network  which  has  now  wholly  disap- 
peared, and  the  poriferous  surfece  itself  as  being  actually  the  floor 
of  intonuu^inal  cavities^  now  unroofed  and  converted  into  pits  and 
foirows* 

MinfUe  S&ruetwre.-^FoT  the  investigation  of  the  minute  structure, 
transparent  slices  were  prepared  by  Mr.  Cuttel,  taken  from  the  fossil 
ill  two  direotions,  one  parallel  to  the  surface  of  the  sponge-plate, 
axid  the  e^er  at  right  angles  across  it — ^parallel  and  transverse  seo- 
tiinM.  The  transverse  section  alone  exhibits  the  distinction  between 
the  primaxy  and  secondary  fibres  alluded  to  further  on,  as  well  as 
traces  of  canalicular  passages ;  but  as,  with  these  exceptions,  there 
is  no  ^fference  between  the  two  sections  worth  mentioning,  we 
diali  net  require  to  speak  separately  of  them  again. 

The  sections  reveal  the  same  irri^ular  calcareous  network  which 
18  to  be  seen  in  roughly  broken  fragments. 

The  primary  fibres,  or  those  which  radiate  towards  the  margins 
of  the  plate  in  the  direction  of  its  growth,  are  not  markedly  difierent 
in  sixe  from  l&e  secondary  fibres  which  join  them  together,  and 
wMoh,  having  formed  conformably  to  successive  growing  edges  of  the 
^ate^  naturally  join  them  transversely;  The  distinction  between  the 
primary  and  secondary  fibres  is  most  clearly  seen  in  specimens  from 
tHeFpper  ChsJk  fkrmn  which  the  friable  matrix  surrounding  and  in- 
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ifliDg  tiiem  haa  been  removed,  so  as  to  leave  the  skeletal  fibres  ex- 
posed and  bare,  as  in  a  deciduous  recent  specimen. 

The  thickness  of  the  fibres  yaries  very  considerably.  The  smallest 
measure  about  0*0025",  and  the  largest  0-025"  in  diameter,  iho 
average  thickness  being  0-006". 

The  superficial  aspect  of  the  oscular  network  shows  that  ite  fibres 
are  wider  than  those  of  the  interior,  while  these  sections  prove 
that  they  are  a]so  thicker ;  and  although  no  definite  canals  can  be 
traced  in  the  transparent  sections,  there  is  yet  observable  a  general 
tendency  of  the  intermeshes  to  open  more  freely  into  one  another, 
and  thus  to  form  more  open  and  less  obstructed  passages,  in  a  direc- 
tion crossing  obliquely  outwards  from  the  poriferous  to  the  oscular 
surface ;  and  as  these  passages  seem  to  become  confluent  in  certain 
of  the  intermeshes  of  the  oscular  network,  to  the  exclusion  of  others 
that  have  become  nearly  or  quite  obliterated  by  an  enlargement  of 
the  oscular  fibres,  we  may  conclude  that  the  exourrent  canals  found 
^eir  way  aloug  these  more  open  paths,  and  drifted  together  to  open 
into  the  intermeshes  of  the  oscular,  network,  which  thus,  though 
minute,  are  really  oscular  openings. 

The  Fibre. — Under  a  power  of  60  diameters  and  by  transmitted 
light,  the  fibres  present  a  transparent  and  colourless  ground  of  crys-^ 
tfJline  calcite,  which  is  finely  striated  in  a  direction  more  or  leas 
parallel  to  the  general  direction  of  the  fibre  by  fine  black  lines  about 
0*00035  of  an  inch  apart.  The  apparent  blackness  of  these  linee  is 
due  to  their  opacity,  since,  when  viewed  by  reflected  light,  they  shine 
brightly  with  a  pure  white  colour. 

Examined  by  a  higher  power  (say  from  150  to  500  diameters,  though 
with  a  very  careful  examination  an  enlargement  of  60  diameters  y^ 
suffice)  these  striae  are  resolved  into  a  perfect  spicular  structure ; 
one  sees  clearly  that  the  fibres  of  the  sponge  are  composed  of  a 
number  of  transparent  acerate  spicules  which  lie  side  by  side,  over- 
lapping at  their  ends  and  separately  defined  by  the  fine  granular 
opaque  white  material,  which  coats  them  externally  and  produces 
the  black  lines  seen  by  transmitted  light  (PI.  XI.  figs.  5,  6,  .7,  8). 

This  is  the  appearance  produced  when  the  fibre  happens  to  have 
been  sliced  along  its  length ;  when  the  section  cuts  the  fibre  trans- 
versely, so  that  it  appears  as  an  isolated  round  transparent  space 
instead  of  a  broad  band,  the  striation  vanishes  and  is  replaced  by  a 
"  dotting  "  of  minute  transparent  circles,  defined  from  each  other  by 
the  fine  opaque  material  before  mentioned,  which  either  thinly  invests 
each  of  them  or  may  be  present  in  sufficient  quantity  to  produce  a 
black  ground  with  ike  transparent  circular  areas  set  in  it  (PL  XI. 
fig.  6,0. 

8ince  the  spicules  lie  with  their  long  axes  in  the  same  direction 
as  the  length  of  the  fibre,  it  is  evident  that  a  slice  transverse  to  the 
axis  of  the  fibre  must  also  cut  the  spicules  transversely ;  and  since 
the  spicules  are  more  or  less  cylindrical  in  form,  the  circular  spaces 
observed  can  be  nothing  else  than  the  spicules  seen  in  transverse 
section. 

This  explanation  is  supported  by  such  appearances  as  that  repre^ 
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Rented  in  PL  XI.  fig.  6,  where  a  fibre  is  longitudinally  striated 
thronghont  except  at  its  rounded  termination,  where  the  stri®  are 
replaced  by  circles. 

This  is  due  to  the  section  crossing  a  fibre  which  at  one  part  of  its 
eourse  lies  in  the  plane  of  the  transparent  slice,  but  aifterwards 
bendtf  somewhat  abruptly  at  right  angles  to  it,  and  so  presents  us 
with  a  transTerse  section  of  the  fibre,  in  obvious  continuity  with  a 
longitudinal  one  (diagram.  Fig.  6) ;  and  as  the  longitudinal  section 

Fig.  6. 


Lateral  riew  of  a  fibre  bending  at  c,  at  right  angles  to  the  plane  of  the  section, 
a,  b,  thus  producing  the  appearance  shown  in  the  section  Plate  XI.  fig.  6. 

of  the  fibre  passes  into  the  transverse  one,  the  longitudinal  acicular 
section  of  the  spicules  passes  correspondingly  into  the  transverse 
circular  one. 

It  is  noticeable  that  the  spicules  are  not  confined  to  the  azis  of  the 
fibre,  aein  the  recent  Chalinidae,  but  are  uniformly  crowded  through- 
out it ;  the  spicules,  indeed,  are  the  fibre,  the  granular  material  which 
fills  the  interstices  being  no  greater  in  amount  than  that  required  to 
fill  up  the  spaces  between  a  number  of  cylindrical  rods  closely  pressed 
together.  Nor  do  the  spicules  differ  in  size  to  any  important  extent ; 
they  are  all,  so  far  as  one  can  see,  of  the  same  size  and  shape ;  nor 
do  they  follow  two  chief  directions,  one  transverse  and  the  other 
longitudinal  to  the  fibre,  as  in  the  Echinodermata,  but  are  bound 
together  in  parallel  bundles  like  the  Eoman  fasces. 

It  is  difficult  to  find  an  example  of  a  complete  spicule  sufficiently 
isolated  from  the  rest  to  determine  its  dimensions  and  the  nature  of 
hoth  its  ends,  though  there  are  a  few  very  exceptional  cases  in  which 
this  can  be  accomplished.  At  the  place,  for  instance,  where  two  or 
more  fibres  anastomose,  the  contained  spicules  cross  one  another  at 
various  angles,  and  so  become  separately  visible  to  a  much  greater 
extent  than  when  they  all  lie  in  a  sheath  side  by  side  (PI.  XI. 
fig.  12,  example  from  a  recent  sponge)  ;  occasionally  also  a  single 
spicule  deviates  from  the  general  trend  of  the  rest,  sometimes  even 
to  the  extent  of  lying  athwart  them  at  right  angles ;  and  then  also 
one  has  an  opportunity  of  examining  a  spicule  separately.  In  speci- 
mens where  the  matrix  of  the  network  consists  of  the  phosphatic 
material  called  "  coprolite,"  we  find  that  this  amberrcoloured  sub- 
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stance  has  in  places  penetrated  the  fibre  and  stained  the  exterior'  of 
the  spicules  of  the  same  colour  as  itself,  thus  rendering  them  mors 
than  usually  distinct  on  the  unaffected  transparent  ground  of  ar^^ 
talline  caldte. 

The  exceptional  preservation  of  a  group  of  spicules  (PL  XI.  fl^.  8) 
so  stained  at  the  point  of  anastomosis  of  three  or  four  fibres  in  tiie 
section  PI.  XI.  fig.  5,  giyes  an  excellent  opportunity  for  drawing 
and  measuring  the  individual  spicules,  some  of  which  are  represented 
in  Pi.  XI.  fig.  9,  magnified  435  diameters.  These  spicules  are  all  ace- 
rate,  very  sharply  pointed,  straight  or  curved,  from  0*007  to  0*009  ♦  of 
an  inch  long,  and  about  0*00035  of  an  inch  in  diameter ;  this  latter 
measurement  has  been  checked  by  a  comparison  with  the  diameters 
of  the  circles  which  represent  transverse  sections  of  the  spicules,  and 
with  concordant  results. 

From  the  preceding  it  wiU  appear  that  the  calcareous  fibres  of  this 
sponge  do  not  consist  simply  of  homogeneous  carbonate  of  lime,  as 
has  hitherto  been  supposed,  but  are  composed  of  a  vast  number  of 
acerate  spicules,  overlapping  at  their  ends  and  lying  parallel  with 
each  other  in  the  direction  of  the  fibre. 

From  this  character  we  assign  Phareiroipongia  (pharetra^  a 
Bbeaf  of  arrows)  as  the  generic  name  of  the  sponge;  its  specific 
name,  Strdhani^  is  in  honour  of  Mr.  8trahan,.  of  H.M.  Gfeological 
Survey,  who  showed  me  a  similar  structure  in  an  undetermined 
sponge  from  the  Upper  Greensand  of  the  south-west  of  England, 
some  years  ago,  before  I  had  commenced  the  study  of  this  so  oalled 
Ghenendopora, 

Affinities, — The  only  sponges  of  the  present  day  whose  ^eletoa 
consists  wholly  of  acerate  spicules  are  siliceous  ones  and  belong  to 
the  Holorhaphidota,  an  order  established  by  Mr.  Carter,  and  defined 
by  him  as  follows  * : — *'  Possessing  a  skeleton  whose  fibre  is  almost 
entirely  composed  of  proper  spicules  bound  together  by  a  Tuinamum 
of  sarcode.    Form  of  spicule  variable." 

This  order  is  divided  by  Mr.  Carter  into  five  families,  of  which 
the  first  or  Eenierida  is  distinguished  from  the  rest  by  having  its 
'^  spicules  more  or  less  arranged  in  a  fibrous  form,"  the  very  structuift 
which  we  described  as  characteristic  of  our  sponge ;  so  &r  tiien  we 
have  no  difficulty,  and  Pharetrospongia  must  evidcDtly  be  pefevred 
to  the  Renierida. 

When  we  come  to  its  nearer  relations  we  find  a  wonderfhlly  dose 
agreement  between  it  and  an  unnamed  sponge  from  Australia^ 
which  Mr.  Carter  showed  me  for  comparison,  and  ef  which,  with 
Mb  usual  generosity,  he  gave  me  notes  and  a  specimen.  The  notes 
are  to  the  effect  that  the  sponge  is  ^<  massive^  lobolater  with  whitiih 

fibre  crammed  irith  stoutish  acerate  spicules,  ^"  long  by  ^ 
broad,  with  very  Uttle  sarcfode."    The  specimen  I  imbedded  in  par- 

*  It  will  be  seen  in  the  supplement  that  numerouB  isolated  spictdes  luiTe 
since  been  exposed  to  rlew  by  a  new  process,  l^ese  hare  for  a  maximuoi 
length  as  muohaa  frotti  0*01  to  0011  of  an  inch. 

t  Ann.  &  Mag.  Nat  Hist,  ser.  4,  toL  xri,  1875,  p.  130. 
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attbif  tf&t  tfai&BHflee  £rom  it,  and  momited  tiiem  in  Gaiiad)»  balsam ; 
the  fibre  so  prepared  exhibited  the  stmctore  represented  in  PL  XI. 
i^r  13;.  wUch,  it  irSi  be  obsenredy  is  exceeding^  similar  to  tliat 
^OBSd  from  PkargtrtmpMgiOj  PL  XL  figs.  5  to  8,  of  course  makisg 
due  aflofrance  Ibrthe  ihet  tha^  fig.  12  is  magnified  140,  and  figs.  6 
t»7  sttfy  Mdbmeters.  A  dose  examination  <tf  the  two  sponges^^  the 
Jbsril  and  tile  veoont,  fSails,  indeed,  to  reveal  any  essential  diffessnoe 
Iwlweeft  the  stmetiue  of  their  fibre,  liinor  distinctions  of  course 
est  r  tfana  the  spicoles  of  tbe  Anstraliian  form  ase  0-007^'  long  bjf 
#-#Md5"  bioad,  while^as  we  ha^e  alveady  stated,  those  of  Phwre$t4>- 
MH9»<f  am  irom  0-007"  to  0*011''  long  by  0-00095"  broad,  aod 
mm  me  sHghtty  l&e  larger  ;  the  recent  spicmles  (PL  XL  fig.  11^) 
flV  idso  Bioi«  abmptly  pointed  than  liie  fossil  <mes. 

We  hare  alrmdy  assigned  Pkaretroip&figia  to  its  fonily,  wsrnow 
f9  a  sCqp  finther  and  place  it  amongst  tiie  Thalyosa,  the  tlurd  group 
sf  Ibe-Kdnierida,  first  because  its  spicsles  are  all  of  one  kind,  neat 
because  tliey  are  arranged  in  ft  ibioiisferm,  and  finally  because  tiisir 
dfancgasionB  are  those  whidi  ^stinguish  Hie  spicules  of  1^  Thalyesn 
fimntiioBeef  tho  other  allied  groups,  to  which  otAierwise  Pharetr9^ 
wpvtt^  tea^  belong ;  fior  tile  smm  reassns  the  Australian  sponge 
gees  witSi*  it  and  is  iiKduded  in  the  same  group ;  and  thus  tiie  asso*- 
cistlon  of  tiietwo  is  only  separated  by  one  step  fipom  generic  idea- 
lity. Here,  howerer,  the  agreement  ceases ;  for  the  Australian 
sponge  pcBsesses  »  well^mArked  canal^system^  witb  large  and  ^stin^ 
tvnts ;  ID  this  it  agrees  with  the  rest  of  the  Thalyoea  and  diffen 
widely  from  Pheerek'Oifcmgia^  which,  as  we  have  seen,  is  chanvs^ 
terixe^  by  tiio  absence  of  clearly  specialised  osculcs  and  ef  distmetlijr 
QBflned  csnflds* 

Older  HOLORHAPHIDOTA,  Carter. 
Famify  KEBnEBII>A,  Cdrfer. 

Group Thiltosa,  Carkr. 
Genus  PnABKEBOspoKeiAr  (mihi). 

Heftriptum.'^A.  plate-Eke  sponge,  variously  plicated,  contorted, 
and  anastomosing ;  growth  marginal ;  skeleton  comx>06ed  of  an  irre- 
gdar  or  vermiculate  network,  the  fibres  of  which  consist  almost 
wholly  of  acerate  spicules  lying  parallel  with  each  other,  with  over- 
Imping  ends ;  oscules  small,  oscular  surface  smooth,  with  a  network 
of  thickened  fibres ;  poriferous  surface  rough,  ufldulatiing,,  ridged 
and  fbrrowed,  furrows  probably  exposed  intormarginal  (»vities; 
csnaf-systom  indefinite. 

Spedes  Phabetrosponoia.  Sibahaiti  (mihi). 

Sponge  rtxHrt  oner  third  of  an  mch  thick,  other  dimensions  very 
vanaUe;  spicules 0*007  to O'OU  oS an  inch  long,  by  000035r ol an 
inch  broad;  fibre  0*006  o£  an.  inch  in  diameter  on  the  i 
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;    /brwia«um.— Coprolite-bed  at  the  base  of  the  Chialk-inarl  •. 
,    Locality. — Cambridgeshire. 

State  of  FossUization. — The  intermeshes  of  the  network  are  fi 
up  with  itte  material  of  the  bed  in  which  the  fossil  happens  to  oc< 
thus  specimens  from  the  Chalk  haye  their  network  imbedde 
chalk,  and  from  the  Cambridge  Greensand  in  the  heterogeni 
mixture  of  calcareons  silt,  frtigments  of  crystalline  calcite,  ooccoli 
*'  green  grains/'  Foraminifera,  entire  and  fragmentary,  .and  o1 
debris  which  characterizes  that  stratum,  and  which  may  be  ; 
defined  as  impure  chalk-marL  This  chalk-marl  usually  fom 
hard  compact  mass  in  the  intermeshes  of  the  network,  more  or 
opaque  and  white ;  but  sometimes  it  is  coloured  brown,  owing  U 
infusion  of  phoephatic  matter,  so  that  the  fibres  of  the  fossil  st 
out  as  a  white  network  traversing  a  brown  ground. 

In  the  bestr-preserved  portions  of  the  fibre  the  spicules  are  i 
verted  into  dear  and  transparent  calcite,  while  the  spaces  betw 
thorn,  at  one  time  filled  with  animal  matter,  are  now  occupied 
the  finely  granular  opaque  white  substance  which  we  have  be 
mentioned.  In  a  less  perfect  state  of  preservation  the  fibre  com 
wholly  of  cr3r8talline  calcite,  which  often  exhibits  a  radiate  orys 
Jine  arrangement,  diverging  from  various  centres,  either  in 
midst  of  the  fibre  or  from  the  sides  of  its  walls.  Between  the  o 
plete  preservation  and  the  complete  obliteration  of  the  spicular  sti 
tore  there  exists  a  whole  series  of  transitions  :  a  fibre  full  of  spie 
at  one  end  may  consist  of  mere  crystalline  calcite  at  the  other ; 
between  the  two  extremes  will  be  found  a  number  of  intermed 
stages  produced  by  the  gradual  disappearance  of  the  granular  04 
ings  of  the  spicules  as  ti^ese  become'  converted  into  the  crystal 
form. 

The  total  replacement  of  the  silica  of  the  spicules,  which  has  ta 
place  as  well  when  the  outline  of  the  spicules  is  preserved  as  w 
it  is  not,  can  be  most  readily  demonstrated  by  dissolving  specin 
of  PharetrospoTigia  from  the  Chalk  in  hydfochlonc  add,  when,  i 
for  a  green  grain  or. two  and  a  little  structureless  flocculent  matei 
no  trace  of  a  residue  is  left  behind.  We  have  here  rene* 
evidence  of  that  preservation  of  anatomical  details  in  a  struct 
which  has  undergone  a  complete  chemical  change,  "which  I  1 
'before  called  attention  to  in  the  case  of  Stauronema  (SoUas), 
only  difference  between  the  two  cases  being  that  in  Pharetrospw 
the  anatomical  structure  is  more  delicate,  and  its  replacement  t 
instead  of  incomplete. 

The  spicules  are  sometimes  subject  to  another  change  not 
noticed ;  and  that  is  the  appearance  in  their  interior  of  mil 
structureless  spherules  of  a  dear  brown  colour,  often  deepening 
black,  and  of  about  the  same  diameter  as  the  spicules  themsel 
Sometimes  there  are  but  one  or  two  such  spherules  in  a  sii 
spicule  ;  sometimes  a  continuous  series  occurs  along  a'  considen 
length  of  spicule  (PL  XI.  fig.  13),  looking  like  bullets  filling  a  i 

*  The  genus  is  common  in  the  Chalk ;  but  whether  the  same  spedes  oc 
there  I  have  not  now  the  opportunity  of  determining. 
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oi  the  same  interior  diameter  as  themselves ;  while,  finally,  in  nif^ 
cases  it  happens  that  these  spherules  join  together  into  a  cylinder^ 
and  so  replsice  the  spicule  for  a  great  part  of  its  length. 

Precisely  similar  spherules,  hut  more  yariable  in  size,  occur 
also  scattered  through  the  matrix  of  the  fossil,  of  which  one  i9 
represented  in  PI.  XI.  fig.  14 ;  and  associated  with  them  are  a 
number  of  round,  almost  spherical  bodies  (PI.  XI.  fig.  15),  about 
0*005  of  an  inch  in  diameter  on  the  average,  and  of  the  same  clear 
transparent  brown  colour,  with  which  colour  also  the  chalk-mart 
immediately  surrounding  them  is  faintly  stained.  On  careful  ex- 
amination these  are  seen  in.  many  instances  to  consist  of  aggre- 
gations of  smaller  spherules  (PL  XI.  fig.  16).  What  these  bodies 
and  the  spherules  may  be  appears  very  doubtful ;  but  they  certainly 
have  very  much  the  appearance  of  standing  to  each  other  in  the 
relation  of  spores  and  sporangia  *•  In  specimens  where  the  matrix 
is  coloured  with  phosphatic  matter,  this  substance  sometimes  pene- 
trates the  fibre  of  the  sponge,  and,  occupying  the  space  between 
the  spicules  once  filled  with  animal  matter,  stains  the  exterior  o{ 
^e  spicules  of  its  own  brown  colour. 

Thus,  to  sum  up,  we  find  that  the  spicules  are  generally  replaced 
by  carbonate  of  lime,  and  sometimes  infested  by  minute  spherules 
of  an  unknown  nature ;  that  the  animal  matter  of  the  fibre  is  also 
r^)laced  by  carbonate  of  lime,  but  in  a  granular  condition,  and  by 
phosphatic  material ;  and,  finally,  that  the  intermeshes  are  filled 
up  by  the  material  of  the  stratum  in  which  the  fossil  is  imbedded. 
From  this  last  fact  we  may  infer  that  our  Cambridge  P,  Strahani 
IB  generally  contemporaneous  with  the  bed  in  which  it  is  found, 
and  not  derived  from  the  subjacent  Gkiult. 

Observations  on  the  Classification  of  fossil  Sponges. — The  proposal 
of  lyOrbigny  to  separate  all  the  fossil  sponges,  except  Cliond,  from 
all  the  recent  ones,  as  an  extinct  order  ('^  Amorphozoaires  4  sque- 
lette  testae^")  characterized  by  a  hard  and  resisting  calcareous 
network,  had  much  at  the  time  to  justify  it ;  for  those  recent  sponges 
to  which  the  fbssil  ones  are  chiefly  allied  were  then  unknown ; 
the  lithistina  and  HexactinellidsD  had  first  to  be  discovered  before 
the  fossil  forms  could  be  said  to  belong  to  the  same  groups  as  the 
known  sponges  of  existing  seas.  The  great  mistake  of  D'Orbigny 
lay  in  his  assigning  an  original  calcareous  composition  to  the 
skeleton  of  all  the  fossil  sponges,  of  which  the  skeleton  itself  fur^ 
nishes  no  proof,  since  it  exists  in  very  various  mineral  states,  and 
Binoe  even  when  it  is  actually  calcareous,  is  so,  as  we  now  know,  as 
a  result  of  mineral  replacement  (see  page  250). 

The  recent  discovery  of  the  HexactineUidfiB,  especially  of  the  Vitreo- 
hexactinellidae,  and,  above  all,  of  the  living  species  Mylixtsia  Orayi 
(the  skeleton  of  which  agrees  essentially  with  that  of  Toulmin 
Smith's  Ventriadites),  has  given  us  the  means  of  proving  that  the 
distinction  between  the  fossil  and  living  sponges  does  not  hold  for  one 
of  tiie  largest  of  the  fossil  groups,  that,  namely,  which  is  charac- 

*  Thete  and  some  foedl  Saprolegneoas  organisma,  oommon  in  the  "oopro- 
litM"  of  the  Oambridge  bed,  will  form  the  subject  of  a  separate  papec   . 
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terixed^bylattioe-like  ("  gitterformig  ")  tisaae,  and  which  clearly  be- 
longs to  the  existing  Hexactinellidse.  The  other  great  fossil  group, 
distingmshed  by  vermiform  ("  wurmformig")  fibres,  or  the  Vermi- 
<mlBta,  is  sometimes  regatded  as  closely  related  to  the  lithistina. 
l?he  staictore  of  the  genus  Pharetrospongiaf  which  is  repeated  with 
modifictftioDS  in  yarious  species  of  sponges  belonging  to  the  genera 
Setfpkia  and  Mancn,  together  with  the  fact  that  Siphonia^  Polypo- 
Uleaay  and  other  fossil  genera  are  true  Lithistid  sponges,  shows, 
however,  that  the  Yermicolata  are  not  at  all  a  natural  group,  but 
simply  a  mixed  assemblage  of  such  sponges  as  are  not  Hexacti- 
neJHds,  and  which  belong,  some  to  the  Renierida,  others  to  the 
Lithistina,  and  the  rest  probably  to  various  other  orders  of  recent 
tfponges. 

The  separation  of  the  fossil  firom  the  recent  sponges,  which  has 
been  made  since  D'Orbigny  by  almost  every  palaeontologist  who  has 
written  on  the  subject,  now  that  we  know  more  about  the  structure 
of  both  of  them,  appears  to  have  been  a  great  mistake  in  dassifi- 
^tion. 

The  simple  fact  is  that  we  do  not  want  a  separate  classification 
fbr  the  fossil  sponges,  any  more  than  we  require  a  separate  classifi- 
cation for  the  fossil  Eoraminifera ;  and  hence  all  such  elaborate 
attempts  as  that,  for  instance,  made  recently  by  Pomel,  are  works 
of  supererogation,  which  the  modem  spongiologist  is  obliged  to  ig- 
nore if  he  sets  any  value  on  economy  in  nomenclature  and  time. 
What  we  do  now  greatly  need  is  knowledge  of  the  exact  structure 
ef  tfce  fossil  forms ;  that  once  definitely  determined,  but  little  diffi- 
culty need  be  expected  in  the  work  of  correlation ;  the  grouping 
of  the  petrified  sponges  will  then  follow  naturally*  upon  the  lines 
already  laid  down  for  existing  species. 


Supplementary  Note,  April  26,  1877. 

It  has  been  suggested  to  me  that  the  taxonomic  position  of 
Pharetrospongia  cannot  be  regarded  as  demonstrated  till  its  spicules 
have,  in  some  instances  at  least,  been  found  to  exist  in  a  siliceous 
state.  This,  however,  is  a  view  which  I  must  confess  myself  unable 
tO'  accept ;  the  arguments  as  to  the  affinities  of  the  genus  which 
have  already  been  adduced,  are,  to  my  mind,  and  will  be,  I  believe, 
to  most  spongiologists,  conclusive.  At  the  same  time,  since  one 
might  naturally  expect  to  find  some  of  the  spicules  of  a  siliceous 
sponge  stiU  retaining  their  original  composition  even  in  a  fossil 
stiate^  and  since  it  is  impossible  to  demonstrate  a  fact  too  fiilly,  I 
ha^  now  made  a  fresh  search  by  a  method  I  had  not  previoudy 
employed  to  see  if  the  evidence  which  had  been  demanded  was 
forthcoming,  and  with  afiirmative  results. 

My  first  experiments  were  conducted  on  specimens  which  had 
been  fiUed  in  with  chalk-marl.  The  policed  face  of  a  thin  aectton 
taken  &om-  one  of  these  was  etched  with  dilute  acid,  and,  after 
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vashing  with  distilled  water  and  drying,  examined  both  as  an 
opaque  and  as  a  transparent  object  by  powers  of  75  and  140  diametew* 
It  was  then  found  that  the  skeletal  network  had  dissolved  Ireely 
and  uniformly ;  and  the  undissolved  remainder,  still  exhibiting* 
spicular  structure,  presented  a  smooth  even  surface  sunk  considerably 
below  the  level  of  the  surrounding  interstitial  matter;   hereitti«li 
spicules  and  fibre  alike  consisted  solely  of  carbonate  of  lime.   The  in- 
terstitial matter,  however,  presented  an  interesting  difference :  'p^rt, 
being  calcareous,  had  dissolved  ;  but  another  part  of  a  different  oom-- 
position  had  resisted  solution,  and  remained  behind  as  an  insolnble 
network,   imbedding  green  grains,  silicified   Foraminiferal   aheOfl, 
casts,  and  other  foreign  particles  in  a  siliceous  cement.     Thus  -the 
Qrigiaal  calcareous  composition  of  the  infilling  material  has  boen-kk 
this  case,  to  a  great  extent,  exchfinged  for  a  siliceous  one ;  but  pfe- 
ciscly  the  same  alteration  has  occurred  to  the  interstitial  matter  ^ 
ever}*  specimen  of  Pharetrospongia  which  I  have  examined ;  'and 
ance  siliceous  infiltration  is  a  very  rare  phenomenon  among  the 
fossils  of  the  Cambridge  Grecnsand,  while  in  Pharetrospongm  it  itt  a 
constant  occurrence ;  and  since,  again,  we  have  already  shown  that 
tie  fibres  of  PharHrospoiujia  once  possessed  a  siliceous  composition, 
wMch  they  have  since  exchanged  for  a  calcareous  one,  it  seems  not 
unfair  to  conclude  that  the  siUca  under  consideration  found  its  way 
into  its  present  position  from  the  fibres  of  the  sponge  itself— ^hat, 
in  fact,  there  has  been  an  interchange  of  material  between  the  in- 
terstitial substanco  and  that  of  the  sponge-fibre,  an  outflow  of  flis- 
solved  sihea  from  the  one  being  compensated  by  an  influx  of  cfl[l(do 
carbonate  from  the  other. 

It  is  scarcely  possible  within  the  limits  of  an  appendix  to  disciMl 
this  chrmge  fully ;  and,  reserving  that  for  another  place,  I  -mnttt 
now  proceed  to  describe  the  more  important  results  which  havel)een 
obtained  chiefly,  though  not  exclusively,  from  an  examination  of 
speoinunBs  in  which  a  phosphatic  infiltration  has  taken  place  in  ad- 
marl  infilling.  On  etching  the  surface  of  one  of 
th  acid  the  same  results  follow  as  with  thecaOca-* 
h  one  exception,  however ;  for  in  these  Bpecimens 
ough  almost  wholly  converted  into  carbonate  of 
ler  so,  but  leaves  behind  on  solution  a  number 
lerved  spicules  havir''  ^^~^'""  -is  composition 
1  present  in  such  9'  irnish  plenty 

enough  for  accu'  at  the  same 

Edvely  restrictet'  the  skeletal 

,r  in  its  cen'  icy  are  not 

latter  posit'  >dcd  surface 

also  not  to  nent  which, 

jtedonwar  -.  Connected 

fbservatif'"  >ssolved  silica 

n  dop^  f  the  spicular 

t  as  tr  clopo  to  it. 
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'  Thns  the'Bilioebns  Bpicules  to  be  sought  for  have  been  found,  and 
just  that  particular  evidence  which  was  thought  to  be  needed  to 
render  the  demonstration  of  the  affinities  of  our  sponge  complete  has 
been  supplied. 

I  take  this  opportunity  of  explaining  more  fully  certain  difficulties 
which  had  only  been  toudied  upon  in  the  body  of  the  paper.  The  silica 
of  sponge-spicules  is  a  very  different  substance  from  the  mineral  silica 
of  quarts.  The  latter  is  to  all  intents  perfectly  insoluble  in  carbonated 
waters  and  most  other  solvent  fluids ;  it  is  crystalline  with  a  compa^ 
ratively  high  refraction-index,  and  is  composed  solely  of  oxygen  and 
silicon.  The  former,  on  the  other  hand,  is  colloidal,  with  a  oompara- 
tively  low  refraction-index,  is  soluable  in  caustic  potash  and  in  carbo- 
nated waters,  and  consists  of  silica  (probably  one  of  the  silicid  acids)  in 
intimate  combination  with  organic  matter.  With  substances  so  widely 
different  it  is  not  wonderful  that  a  replacement  by  calcic  carbonate 
should  be  common  with  the  one,  and  unknown  if  not  impossible  with 
the  other.  The  subject  of  the  replacement  of  organic  ^ca  is  a  new 
one,  and  requires  independent  working  out ;  next  to  nothing  has 
hitherto  been  known  about  it,  partly  because  siliceous  organisms  are 
less  abundant  than  calcareous  ones,  and  partly  because  they  have  been 
less  studied.  I  need  here  only  remark  that  while  Siphonia  exhibits 
the  structure  of  a  Lithistid  (siliceous)  sponge,  Stauronema  of  a  Hex- 
aetinellid  (siliceous)  sponge,  and  Pharttrospongia  of  a  Thalyosian 
(siliceous)  sponge,  yet  the  fossil  skeletons  of  all  three  frequently 
accur  now  in  a  calcareous  state ;  and  it  would  be  singular  if  these 
three  structures,  so  different  from  one  another,  and  so  similar  to 
their  existing  allies,  should  all  have  had  their  ''  doubles "  in  past 
time  resembling  them  in  every  respect  except  in  the  one  im- 
portant particidar  of  chemical  composition — and  this  the  more 
especially  since  each  of  them  still  presents  cases  in  which  it  even  now 
exhibit's  a  siliceous  composition.  If  chemical  composition  and  mor- 
phological structure  are  invariably  associated  in  the  living  organisms 
of,  the  present  day,  we  may  depend  upon  it  that  they  were  not 
divorced  in  the  past. 


;  EXPLANATION  OF  PLATE  XL 

,  Fig.  1.  Pharetrotponffia  Strahani  (SoUas),  natural  sise. 

2.  Portion  of  oscular  surface,  magnified  1-6  diam. 

3.  Portion  of  poriferous  siirfaoe,  magnified  1*6  diam. 

4.  Section  across  a  tubular  process,  showing  the  character  of  the  network, 

nat.  size. 
.5.  Longitudinal  section  of  fibres :  c,  point  of  anastomosis ;  «,  spicules  in 
lonsitu^nal  section  (  X  60). 
'  6.  Mixed  section  of  the  fibre:  s,  spicules  in  longitudinal  section ;  t,  trans- 

yerse  section  of  spicules  in  the  transverse  section  of  the  fibre 
(X60). 
7.  Longitudinal  section  of  fibre  from  the  oscular  network :  m,  inter- 
^  mesh,  which  in  many  instances  becomes  obliterated  by  an  enlai^ 

ment  of  the  surroundinc  fibre  (  x  60). 
'    8.  Group  of  spicules  from  tne  point  of  anastomosis  of  several  fibres, 
similar  to  that  shown  at  c,  fig.  5,  occurring  in  the  section  shown  in 
fig.  4  (X 140). 
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Fig.  9.  IndlTidoal  spiculeB  of  fl^.  8  (x4d5). 

10.  Tnnsrene  sections  of  spicules  (  X435). 

11.  Spicule  from  a  reoetit  Australian  sponge,  for  comparison  with  fig.  9 
-       (X435). 

12.  Section  of  fibre  of  Australian  sponge  (  X 140). 

13.  Fragments  of  spicules  contaimng  small  spherules  of  an  unknown 

nature  (X 140). 

14.  Isolated  spherule  from   the  infilling  chalk-marl  of  an   intejrmesh 

(Xl40). 

15.  Outlines  of  spheroidal  bodies  composed  of  the  same  material  as  the 

.preceding  spherules  (  X 140). 

16.  Section  of  the  preceding,  showing  component  spherules  (  X 140). 

DiscrssiOK. 

Ber.  T.  G.  Boimnr  remarked  that  the  qaestion  of  foBsilization 
ivas  one  of  great  difiSonlty,  but  it  seemed  to  him  to  be  rather  an 
Qimsaal  process  for  silica  to  be  replaced  by  carbonate  of  lime. 

The  PfiBBiDisNT  thought  it  was  more  probable  that  the  sponge  de- 
scribed was  one  of  the  Calcispongise.  The  spherules  observed  by 
the  author  were  exceedingly  interesting  to  him,  as  he  had  observed 
m  silidfied  corals  what  seemed  to  him  to  be  similar  bodies,  which, 
however,  he  regarded  as  being  dusty  infillings  of  minute  cavities ; 
at  least  the  appearance  presented  by  them  when  carefully  examined 
under  polarized  light  seemed  to  justify  such  a  conclusion. 
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17.  On  New  Species  of  Belbmnitbb  and  Saleeia  from  Ae  Kidbui 
Tkbtueieb  of  SaxTTH AusxRALU.  By  £ai.fk  Iaseb,  Esq.,  £.0 J3^ 
Assoc.  Linn.  Soc.^  Professor  of  Natural  6denoe5n  the  TTiUYer* 
sity  of  Adelaide.    (Bead  February  7, 1877.) 

C0ETBA.BT  to  my  determination  not  to  publish  any  facts  connected 
with  the  Middle  Tertiaries  of  South  Australia  until  I  could  present 
a  detailed  account  of  them,  and  of  their  palaeontological  characters, 
I  herein  communicate  to  the  Geological  Society  the  discovery  of  the 
presence  of  two  genera  in  these  rocks^  which,  on  account  of  iheir 
distnbution  in  time  in  European,  strata,  must  be  regarded  as  cf 
especial  interest. 

A  .^pecies  at  Belemnite  (B^lenitiUes  mgifer)  has  been  record^ 
from  the  Older  Tertiaries  of  Bouca,  in  Northern  Italy ;  but  the 
ecouirence  of  the  genus  in  the  South- Australian  Tertiaries  greatly 
extends  its  duration,  inasmuch  as  the  epoch  of  the  deposition  of  the 
Biver^Munray  beds  is  generally  regarded  as  not  older  than  Miooeiie, 
and  by  some  is  placed  in  the  Pliocene  period.  I  refrain  tfrom  offering 
an  opinion  on  this  question,  as  liitherto  the  corals  and  echinoderms 
only  have  been  critically  examined.  At  this  time  I  am  engaged  in 
comparing  the  fossils  of  the  South- Australian  Tertiaries  with  existing 
forms,  particularly  those  inhabiting  the  South-Australian  shores. 
This  task  is  rendered  great  from  the  circumstance  that  there  is  no 
available  collection  in  this  colony  for  study,  and  I  have  Wen  obliged 
to  supply  the  deficiency  by  my  own  labour.  But  this  has  borne  good 
results,  as  I  have  added  78  unrecorded  marine  shells  to  Mr.  Angas's 
list  (Proc.  Zool.  Soc.  1867),  some  of  which  occur  in  the  Middle  Ter- 
tiary beds,  and  I  have  made  several  important  additions  in  other 
departments  of  marine  zoology. 

The  discovery  of  a  Tertiary  Sahnia  very  happily  bridges  over  the 
hiatus  that  separates  in  time  the  newly  discovered  living  example 
obtained  by  Sir  "Wyville  Thomson  during  the  cruise  of  the  '  Chal- 
lenger'  (*  Academy,'  June  3).  Though  much  good  work  has  been  done 
by  Professor  Duncan  and  Dr.  Laube  in  making  known  the  Echino- 
derm-fauna  of  our  Tertiaries,  yet  the  number  of  species  recorded  by 
them  does  not  represent  a  moiety  of  those  which  I  have  met  with. 
The  additional  genera  represented  are  Fibularia,  Lagannnij  Brisstis^ 
Cardiasier,  CidariSy  Echinanthtis,  Hemiaster^  Fifgorhpichtis,  EcMno^ 
hrissus,  Qlyjptocrinus,  Meoma,  ArackwAdeSy  Astrogonium,  Pentaerimtg^ 
and  CoTnasier. 

The  locslity  at  which  the  new  species  herein  described  have  been 
collected  is  Aldinga,  26  miles  south  from  Adelaide,  on  the  east  coast 
of  St.  Yincent's  Gulf.  The  general  assemblage  of  fossils  in  the  very 
diversified  strata  displayed  in  the  long  stretch  of  sea-clifb  about 
150  feet  high  at  this  place,  is  identi^  with  that  of  the  Biver* 
Murray  beds. 
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BSLBMNITBB  8KNE8CBN8,  SpeC.  UOV.      Fig.  1. 

Guard  elongated,  slender,  graduaUy  tapering  to  an  acute  apex, 
cyUndrical,  but  inclined  to  subquadrangular  in  section,  especiaUy 


Fig,  1. — Belemnites  s^neseens, 
Tate. 


Pig.  2. — Salenia  terttarin^ 
Tate. 


a.  View  of  the  mort  perfect 
spedmen  obtained,  na- 
tural sue. 

h.  Its  proximal  end. 

c.  Section  of  another  speei- 
men,  enlarged. 


a.  From  above,  enlarged. 

b.  From  the  side,  enlarged. 

c.  An  ambulaorum,  still  more 

enlarged. 


towards  the  alveolar  region ;  without  grooves  or  furrows.     Length 
from  12  to  15  times  the  width.      Alveolus  imperfectly  known, 
apparently  shallow,  with  a  broadly  obtuse  base  (?). 
Q.  J.  G.  8.  No.  130.  8 
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Dimensions  of  longest  example — length  4^  inches,  diameter  -^  of 
an  inch. 

No  perfect  specimen  has  been  obtained ;  and  the  guard  is  usaally 
in  a  fragmentary  state,  often  incrusted  with  Polyzoa  and  mined  with 
galleries  of  a  boring  animal.  But  the  physical  features  of  the 
stratum  in  which  they  occur,  a  calcareous  sand  full  of  debris  of 
Polyzoa,  and  often  exhibiting  false-bedding,  serve  to  explain  their 
present  condition,  which  is  not  derivative  beyond  the  circumstance 
that  they  have  been  drifted  in  shoal  water.  Belemnites  senescens 
occurs  also  in  the  River-Murray  cliffs,  associated  with  their  oommon 
fossils. 

I  have  a  Belemnite  from  the  interior  of  this  province  which 
resembles  B»  gingensis  of  the  European  Oolite,  and  is  consequently 
unrelated  to  R,  smescens,  and  a  new  species  allied  to  B.  australU^ 
Phillips,  obtained  with  other  Jurassic  (?)  fossils  from  Stuart's  (for- 
merly Cooper's)  Creek,  on  the  line  of  the  transcontinental  telegraph. 

Salbnia  tertiarja,  spec.  nov.     Fig.  2. 

Form  with  the  characters  belonging  to  the  genus,  hemispherical, 
depressed,  moderately  inflated  below,  base  concave ;  mouth  not 
large,  nearly  circular  ;  anus  subhexagonal,  disk  with  shagreen-like 
ornamentation,  suranal  plate  smaller  than  the  genital  plates.  Each 
interamhxikicrol  area  with  12  crenulated  tubercles  in  two  vertical 
rows.  Foriferoiis  zones  straight,  ambulacral  areas  margined  vfith 
large  granules,  between  which  are  two  rows  of  smaller  ones,  amongst 
which  are  scattered  granulations. 

Diameter  of  largest  specimen  ^  of  an  inch,  height  ^^. 

Discussion. 

The  President  remarked  upon  the  interest  attaching  to  the  dis- 
covery of  this  Belemnite,  which  added  another  to  the  curious 
examples  of  the  survival  of  older  forms  of  life  in  Australia.  He 
thought  it  could  hardly  have  been  derived  from  Secondary  strata. 
The  SaUnia  was. evidently  Tertiary ;  and  as  it  was  somewhat  Creta- 
ceous in  its  aspect,  it  added  another  to  the  list  of  Cretaceous  forms 
which  outlived  the  Cretaceous  period.  This  and  similar  discoveries 
showed  the  impossibility  of  comparing  Australian  and  English  strata 
on  purely  palseontological  data. 

Mr.  J.  8.  Gardneb  remarked  that  the  discovery  of  Belemnites  at  so 
late  a  period  as  the  Miocene  was  of  extreme  importance,  as  adding 
another  to  the  list  of  Cretaceous  forms  found  still  surviving  at  a  late 
period.  If  Belemnites  &c.  lived  on  until  the  Miocene,  might  not 
Ammonites  have  lived  on  until  the  Eocene  ?  In  America  there  are 
Cretaceous  beds,  known  as  Cretaceous  from  the  presence  of  Ammonites 
and  other  forms,  but  the  facies  of  whose  fauna  mainly  resembles  that 
of  our  Eocene.  Floras  mingled  with  these  are  known  as  Cretaceous 
floras.  Should  the  presence  of  the  incoming  Eocene  moUusca  be 
taken  to  flx  the  age  of  the  beds,  and  the  Ammonites  be  considered  to 
have  survived  in  those  regions  to  a  later  period,  the  floras  would  no 
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longer  be  considered  Cretaceous,  and  the  arguments  for  and  against 
eTolntion  in  Dicotyledons  based  upon  the  age  of  these  plant-types 
▼onld  be  greatly  modified. 

Mr.  A.  W.  Watbbs  said  that  two  years  ago  he  exhibited  to  the 
Society  Belemnites  from  Ronoa.  Since  then  it  has  been  shown  by 
M.  Bayan  and  Prof.  H^rt  that  in  the  deposit  at  Eonca  there  are 
rolled  fossils  from  the  still  older  Tertiary  beds ;  but  the  Belemnites 
are  not  rolled.  Although  there  is  every  possibility  that  they  may 
be  Tertiary,  it  is  by  no  means  certain.  Some  geologists  think  that 
diej  resemble  liassic  forms ;  but  they  certainly  are  not  similar  to 
Mr.  Tate's  Belemnites. 

Ber.  J.  F.  Blaxx  remarked  that  Mr.  Tate's  Belemnites  were  more 
like  OoUtic  than  Cretaceous  forms ;  and  they  certainly  did  not  belong 
to  the  genus  Bdemmtetta,  The  interest  of  the  case,  as  the  President 
had  pointed  out,  consists  in  the  carrying  on  of  Cretaceous  life  into 
Tertiary  times ;  and  this  favours  the  idea  of  a  non-uniform  deposition 
of  beds,  and  a  more  contiauous  succession  of  life  in  Australia  than  in 
Europe. 

Prot  T.  BuPEBT  JoiTBS  said  that,  in  1857,  Belemnites  found  in  a 
Tertiary  deposit  of  North-west  Germany  were  exhibited  at  the 
meeting  of  Uie  Naturalists'  Association  at  Bonn. 

Prof.  Seelbt  remarked  that  it  was  impossible,  from  the  material 
before  the  Society,  to  determine  the  species  to  which  the  Belemnites 
mi^t  belong.  The  characters  were  not  sufficiently  clear  to  show 
whether  it  was  a  true  Belemnites^  or  ought  to  form  a  distinct  but 
allied  genus.  He  agreed  with  Mr.  Gardner  with  regard  to  the 
resemtdanoe  of  American  Cretaceous  shells  to  those  of  the  English 
Terliaries. 


82 
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18.  On  the  Goballian  Rockb  of  Esqulsd,  By  the  Ber.  J.  F.  Biakb; 
M.A.,  F.G.S.,  and  W.  H.  Hudubtoit,  Esq.,  MJL.,  F,G,8. 
(Read  January  10, 1877.) 
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iNTSODVCnOK. 

Whatkyeb  may  be  the  value  of  the  grounds  on  which  the  ordinary 
line  of  separation  between  the  *'  Middle  "  and  **  Upper  ^  Oolites  is 
drawn,  there  can  be  no  denying  that  from  the  Oxford  to  the  £im- 
meridge  Clays,  in  some  parts  of  England,  we  have  one  continuous 
depoeit,  which,  from  a  physical  point  of  view,  has  been  aptly  termed 
a  great  ''peloUthic"  formation.  During  the  period  when  this  was 
being  quietly  laid  down,  at  a  quicker  or  slower  rate,  in  these  areas, 
other  portions  of  the  same  great  region  were  at  various  times  subject 
to  alterations  of  the  physical  conditions,  in  consequence  of  which  the 
deposits  were  changed  in  character ;  they  became  Grits  or  Limestones, 
and  supported  cor^  ree&,  with  their  accompanying  Oolites.  The 
very  fact  of  these  changes  being  local — a  fact  proved  as  much  by 
the  discontinuous  as  by  the  variable  nature  of  the  deposits — ^pre- 
vents our  assuming  that  they  were  all  contemporaneoTis,  even  in  a 
large  sense,  as  has  been  done  by  those  who  have  used  the  term 
Coiallian,  as  indicative  of  a  period,  for  all  or  any  of  the  coral  deposits 
tiiat  have  been  formed  between  the  commencement  of  the  Oxfordian 
and  the  dose  of  the  Kimmeridgian  epoch. 

In  England,  however,  these  rocks,  originally  called  "  Coral  Rag  " 
by  Smith,  from  their  development  in  that  form  in  the  area  studied 
by  him,  have  been  divided  into  Ujoper  Calcareous  Chity  GoralUne 
Oolite,  and  Lower  Calcareous  Orit,  tiie  classification  being  originally 
derived  from  Yorkshire ;  and  it  has  been  too  hastily  assumed  that 
rocks  of  similar  litholog^cal  character  are  the  equivalents  of  each 
other  in  different  localities.  To  determine  the  true  relations  of  the 
various  Corallian  beds  to  each  other,  as  developed  in  different  parts 
of  the  country,  we  have  examined  them  consecutively,  and  are  now 
attempting  to  present  a  general  history  of  their  formation.  Geolo- 
gists, ind^d,  are  already  possessed  of  valuable  information  on  several 
isolated  districts ;  but  their  correlation  has  scarcely  been  at  all 
attempted,  and  several  areas  have  never,  or  but  very  imperfectly, 
been  described. 

In  the  study  of  no  other  series  of  rocks,  perhaps,  is  it  more  neces- 
sary to  remember  the  influence  that  physical  conditions  have  upon 
the  contained  fauna.  The  close  resemblance,  not  to  say  identity,  of 
some  of  the  species  with  those  of  similar  beds  belonging  to  the 
Great  or  the  Inferior  Oolite  proves  that  much  of  the  peculiarity  of 
the  Coralline  fauna  is  due,  not  to  the  lapse  of  time,  but  to  the  coa- 
ditions  of  deposit,  as  we  hope  to  indicate  in  the  sequel.  Neverthe- 
less paleontology  does  not  fail  us  as  a  guide,  and  there  are  still  a 
sufficiency  of  forms,  above  the  influence  of  physical  conditions,  which 
indicate  satisfactorily  by  their  association  the  relative  age  of  the 
deposits.  At  the  same  time  it  is  possible  that  if  we  w^e  to  eliminate 
all  the  influenced  forms,  the  remainder  might  indicate  but  two  well- 
marked  faunas,  the  Oxfordian  and  the  Eimmeridgian — the  one  end- 
ing and  the  other  commencing  during  the  period  of  the  deposition 
of  the  Corallian  deposits  with  their  additional  fauna  due  only  to 
physical  conditions.     This  may  be  the  case,  though  we  are  scarcely 
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prepared  to  assert  it  without  a  caieM  examination  of  ihe  great 
uniform  day  series  in  whioh  no  Corallian  beds  are  found.  Our  aim 
at  present  will  be  to  take  such  note  of  the  physical  conditions  under 
which  each  deposit  was  formed  as  will  enable  us  to  estimate  the 
contained  fossils  at  their  true  chronological  value,  as  well  as  to  study 
the  history  of  the  beds  for  its  own  sake. 

The  Corallian  rocks,  as  traced  across  ^e  country,  are  separated 
into  several  areas,  not  simply  by  denudation,  but  by  their  original 
form,  as  we  judge  by  a  certain  general  similarity  and  connexion,  under 
the  cover  of  minor  diversities,  which  characterize  each,  and  sepa- 
rate it  from  the  others.  These  areas  are  of  very  unequal  mag- 
nitude and  importance;  but  this  is  just  the  very  feature  of  the 
series.  They  may  be  distinguished  as  follows : — 
I.  The  Weymouth  district. 
II.  The  North-Dorset  district. 

III.  The  North- Wiltshire  and  Oxfordshire  range. 

lY.  The  Cambridge  reef. 
V.  The  Yorkshire  basin. 
In  our  description  of  these  areas  we  shall  endeavour  to  remember 
that  our  study  is  the  development,  physical  conditions,  and  correla- 
tions of  the  Corallian  beds,  and  not  their  stratigraphy,  except  so  far 
as  it  may  throw  light  upon  the  former  points. 

I.  The  Wbtmouth  District. 

The  geological  structure  of  South  Dorsetshire  is  well  known ;  and 
it  affords  us  three  distinct  opportunities  of  studying  tbe  Corallian 
beds.  We  have  first  the  neighbourhood  of  Weymouth  itself,  with 
the  rocks  extending  on  the  west  to  the  Fleet  near  Wyke,  and  also 
the  two  ends  of  the  series  on  the  northern  side  of  the  anticlinal  as 
exposed  on  the  east  at  Osmington,  and  on  the  west  near  Abbotsury. 

The  rocks  in  the  immediate  neighbourhood  of  Weymouth  were 
early  described  by  Prof.  Sedgwick,  in  the  'Annals  of  Philosophy'  for 
1826,  when  he  divided  the  series  between  the  harbour  and  Sands- 
foot  Castle  into  11  groups,  and  remarked  on  tlie  similarity  of  some 
of  them  to  the  rocks  at  Filey  Brigg ;  and  later  this  same  series  was 
xnore  minutely  studied  by  Prof.  Buckland  and  Sir  H.  De-la-Beche  ♦, 
and  divided  into  33  groups.  They  did  not,  however,  touch  the 
palaeontology,  or  assist  in  the  correlation  of  the  beds  with  those  of 
other  areas,  In  the  maps  of  the  Geological  Survey  the  whole  is 
simply  coloured  as  '^  Coral  Bag."  Mr.  Damon's  valuable  little 
workt,  however,  makes  this  area  familiar  ground,  and  contains 
very  useful  lists  of  fossils.  More  recentiy  Dr.  Waagen  has  called 
the  Sandsfoot-Castle  beds  the  "  Upper  Calcareous  Grit  "J,  Some 
notice,  nevertheless,  even  of  previously  described  rocks,  appears 
necessary  for  the  completion  of  our  view  of  the  whole  deposits  of 
this  area  and  its  comparison  with  others, 

Speaking  generally,  the  Corallian  beds  of  this  area  are  a  lenti- 
cular mass  having  its  greatest  thickness  near  Weymouth — a  result 

*  Trans.  Geol.  Soc.  2nd  series,  vol.  iv.  p.  1, 

t  Geologj  of  Woymouth  and  the  Island  of  PorHand: 

*  Versuch  einer  allgemeinen  Classification,  kc. 
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diM  to  ^e  greater  derelopment  of  partioular  beds  there  than  else- 
where. 

B^inning  at  the  base  near  Weymouth ,  we  find  that  the  series  com- 
meooes  with  a  oonsiderable  thickness  (about  30  ft.)  of  calcareous 
sand,  with  hard  bands  of  grit.  These  are  well  exhibited  beneath 
ihe  Nothe  Fort  at  the  end  of  Weymouth  Pier,  where  the  curious 
interiadng  bands,  due  probably  to  decayed  fucoids,  have  long  been 
noticed.  The  whole  has,  however,  undergone  much  alteration  since 
its  original  deposition,  by  the  action  of  chemical  and  other  agencies, 
as  is  the  ease  with  similar  beds  in  Yorkshire. 

The  change  into  these  beds  from  the  Oxford  Clay  below  is  by  no 
means  so  gradual  as  it  is  in  many  other  areas.  Mr.  Damon  says 
that  "  the  junction  at  the  Nothe,  now  no  longer  visible,  is  sharp 
and  well-defined ;"  and  certainly  on  the  western  side,  in  the  Fleet, 
it  is  remarkably  so.  The  uppermost  bed  of  clay  there  is  surmounted 
by  a  thick  layer  of  Ostrea  dilatata^  associated  with  Ammonites  cor- 
daius^  Ostrea  gregaria^  and  SerptJa  tricarinata^  which  is  immediately 
covered  by  the  sands,  with  great  abundance  of  Pema  quadrata^  a 
very  characteristic  fossil  of  the  beds  throughout  this  district.  In  a 
brickyard  between  these  two  localities  the  change  at  the  base  is  also 
sudden,  though  the  overlying  sands  are  more  argillaceous  and  sup- 
port abundance  of  Myacites  and  Pholadomycc,  The  beds  of  cal- 
careous grit  become  more  strongly  developed  at  the  top;  and  the 
uppermost  one  is  somewhat  ferruginous.  In  order  to  avoid  any 
midue  assumption  in  the  names  used,  we  think  it  best  to  employ 
local  designations  for  each  series  of  beds ;  and  this  series  we  caU  the 
"Nothe  Grits." 

The  fossils  that  have  occurred  to  us  in  these  beds  near  Weymouth 
are  the  following : — 


Ammonites  oordatus  (S<*w.). 
Belemnites  hastatus  (Blavnv,). 
Oerithiam  muricatum  {Sow.),  var. 
ChemniUia,  sp. 

Pleurotomaria  Milnsteri  (Sow.). 
Opi»  Phillipsi  {Mor.), 
Cyprina  tancreaiiformig(jB/.  ^H.). 
Tngonia  perlata  (Ag.). 
idecu  *         "*' 


Pecten  fibroeus  {Sow.). 
Ayicula  ovalis  {Ph.). 
Anomia  radiata  (Pa.). 
Oetrea  solitaria  {Sow.), 

gregaria  {Sow.). 

dilatata(5i>a>.). 

,  sp.  (deltoid  form). 

Exogyra  spiralis  (Gold/.). 
Serpula  sulcata  (Sow.). 

•  tricarinata  ^Sow.). 

Millericrinus  echinatus  {Ph.). 


Myadtes  decurtattn  {Ph.). 
Pholadom^  feqaalis  {Sow.). 

oonoinna  {Ag.). 

Pema  qoadrata  {Sow.). 

This  is  not  an  entirely  distinct  fauna  &om  that  of  the  Oxford 
Clay  below ;  but  there  are  some  species,  such  as  Trigonia  perlata, 
Pecten  Jibrosus,  Avicida  ovalis,  and  Millericrinus  echinatus^  which 
are  very  characteristic  forms  and  assist  much  in  correlation. 

The  development  of  the  Nothe  Grits  on  the  northern  side  of  the 
antidinal  firom  Osmington  to  Abbotsbury  shows,  like  most  of  the 
series,  a  considerable  diminution.  At  the  former  place  their  thick- 
ness is  only  12  feet,  and  their  colour  is  darker.  The  fossils  are 
tolerably  numerous,  and  remarkable  for  their  large  size,  especially 
the  Trigonia  perlata  (both  valves)  and  Ostrea  dilatata,  which  are 
immense.    We  note"  also,  in  addition  to  the  forms  met  with  at  Wey- 
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mouth,  AmmowUes  perarmatus  (Sow.),  Belemnites  abbreviahiM  (Hill.), 
Oatrea  dilatata  (iaxge  var.),  Turho  Meriani  (Goldf.),  Myaciies  jurassi 
(Brongn.),  and  Lueina^  sp.  (cf.  lirata).  Traoed  westward  from  Osming- 
ton,  these  grits  are  thinning  out,  till  at  Broad wey,  due  north  of  Wey- 
mouth, they  are  scarcely  discoverable,  unless  represented  by  a  single 
2-ft.  block  of  ferruginous  sandstone,  lying  in  the  midst  of  clays ;  and 
only  a  thin  band  can  be  identified  in  the  valley  south  of  Abbots- 
bury,  which  is  excavated  down  to  the  Oxford  Clay.  This  restric- 
tion of  the  deposit  is  a  feature  worthy  of  attention. 

The  series  of  beds  which  foUow  the  Nothe  Grits  are  again  argil- 
laceous, though  containing  bands  of  hard  calcareous  grit  towards 
the  base.  We  include  in  this  series,  which  we  call  the  *'  Nothe 
Clays,"  about  40  ft.  of  beds  at  Weymouth,  which  are  spread  out  in 
the  bay  to  the  south  of  the  town.  They  are  of  less  thicknefw  in 
the  other  localities ;  but  they  present  no  particular  feature,  except  at 
Wyke,  where  they  are  sepan^ed  from  the  Nothe  Grits  by  a  few  feet 
of  a  Jis9iU  calcareous  sandstone,  surmounted  by  rubbly  limestone 
with  fragments  of  sbeUs — ^the  d^ris  possibly  from  some  coral-reef 
to  the  west,  now  removed  from  our  sight.  These  usurp  the  place  of 
some  of  the  lower  grit  bands  at  Weymouth. 

The  fossils  from  the  Nothe  Clays  are : — 

Ammonites  oordatus  (Sow.). 
Nautilus,  hexaffonus  (iSSoitr.). 
Alaria  trifida  (PA). 


Cuoullsa  oontraota  (PA),  var. 
Area  smula  (PA). 
Trigonia  perlata  CAp.). 
Penia  quadrata  (Saw.). 
Tbrada  depressa  {Saw.), 


Modiola  bipartita  (Saw.), 

UnMempUctL(WhU.\ 

Pecten  fibrosus  (Sow.), 

Anemia  radiata  (Ph.). 

Exogyra  nana  (PA). 

Ostrea  dilatata  (Saw.), 

ffregaria  (Sow.). 

Serpula  tricarinata  (Saw.). 


It  is  interesting  to  note  that  this  Ust  has  on  the  whole  more  of  an 
Oxfordian  than  of  a  CoralHan  type,  very  few  of  the  more  peculiar 
forms  of  the  latter  appearing  in  it — a  proof  that  in  this  district 
at  least  the  fauna  of  the  sands  and  grits  makes  its  appearance  raUier 
on  account  of  physical  changes  than  on  account  of  the  lapse  of  time. 
We  can  scarcely  find  a  parallel  to  this  reintroduction  of  day  else- 
where, unless  it  be  in  the  Clays  overlying  the  Elsworth  rock. 

Succeeding  to  these  Clays  is  another  series  of  Grits  and  Sands, 
which  from  &eir  being  well  developed  at  Bendiff,  east  of  Sandsfoot 
Castle,  we  call  the  "  Bendiff  Gr^t  Series.*'  They  consist  here,  in 
descending  order,  of 

1.  Calcareous    grit,    with   dichotomising   branches,    ^' 

verj  hard  in  the  upper  part,  passing  down  into 
softer  calcareous  sands,  with  a  band  of  compact 
argillaceous  limestone  at  the  base  10 

2.  Sandy  shales,  beoominff  loose  "  foinr  ^  sands,  which 

contain  towards  the  base  huge  tabular  doggers  of 
indurated  calcareous  sandstone   11 

The  first  bed  alone  is  fossiliferous,  and  that  only  locally,  the 
remarkable  feature  of  the  series  being  the  large  d<^;ger8  of  the 
lower  sands.  These  are  due  to  the  subsequent  action  of  mineralized 
waters,  which,  percolating  through  the  loose  sands,  were  stopped 


Digitized  by  VjOOQIC 


THB  OORAIXIAV  BOCKS  OF  XHOLAITD.  265 

by  the  impeirioiiB  clays  below.  A  more  abundant  supply  of  the 
oementing  matmals  might  have  fonned  a  contmnons  bed.  By  these 
the  series  may  be  best  traced  inland,  as  at  Broadwey,  Bodwell  Sta- 
tion, kc  and  near  Abbotsbory.  To  the  east  of  Osmington  the  grits 
eneroaeh  on  the  sands  bebw,  and  finally  appear  to  dr^e  them  out, 
ihe  marly  beds  above  becoming  at  the  same  time  thicker,  the  total 
being  in  this  instance  less  than  at  We3rmoath,  namely  about  18  ft. 

The  fossils  of  the  Orit  are  Cticulicea  corallina  (Ph.),  Peeten 
qmiUeogta  (Et.),  QennUia  amcuUnde9  (Sow.),  Ceriihium^  sp.,  Lucina^ 
sp.,  Exogyra  nana  (Ph.),  and  Trigonia  eoraUina  (Ag.) — a  fauna 
which,  ^ugh  small,  has  relations  both  above  and  below,  but  mostly 
with  the  beds  above. 

At  Wyke,  by  the  Fleet,  this  series  can  scarcely  bo  recognized,  it 
being  stratigrapbically  represented  by  fedse-bedded  calcareous  sand- 
fitones  with  their  slope  to  the  west — ^that  is,  lying  on  the  edge  of 
beds  on  the  same  parallel  to  the  east. 

The  next  series  in  the  ascending  order  is  an  important  and  inter- 
esting one.  It  is  composed  of  marls  and  oolites  in  varying  pro- 
portions. At  Osmington  it  contains  a  beautifully  compact  and 
uniform  single  bed  of  white,  fine-grained  oolite,  of  a  thickness  of 
12  ft.,  which  we  call  the  ^'  Osmington  Oolite."  This,  in  physical 
character,  is  not  unlike  some  of  the  Great-Oolite  beds  of  Minchin- 
hampton,  being  remarkably  uniform  in  its  structure.  It  is  a 
tolerably  pure  limestone  for  this  district,  but  still  s<Mnewhat  sandy ; 
it  is  hi^y  fossiliferous  at  Osmington,  though  the  thicker  beds 
(22  ft.  seen)  near  Abbotsbury  (where  they  are  quarried  for  build- 
ing), which  are  on  the  same  stratigraphical  horizon  and  resemble 
them  in  lithological  character,  scarcely  contain  a  single  fossil  besides 
MyacUes^  the  only  others  noted  being  Peettn  Jibrosus  and  a  Chem- 
nitxia. 

At  Weymouth  this  series  has  a  lees  marked  character,  being  split 
up  by  marls  and  days,  and  showing  the  oolitic  structure  less  clearly, 
ibell-limestone  being  partially  substituted. 

Here  it  consists,  in  descending  order,  of: — 

ft  in. 

1.  Blue  marly  day,  with  oolite  grains   6    6 

2.  Small-grained  nndy  oolite,  weathering  hummocky, 

by  its  haTing  shell- limestone  substituted  towards 

the  base 2    0 

3.  Marly  clay  with  doggers 5    6 

4.  Oolite,  gntty  in  the  centre  and  marly  below,  with 

Amm.  perannatuB  (wtkT.)  6    0 

5.  Blue  sandy  marls,  partly  argillaceous   4    0 

In  the  Bodwell  railway-cutting  the  oolite  commencdTin  abundant 
grains  in  the  underlying  marls ;  and  at  Wyke  the  whole  oolitic  series  of 
this  and  the  beds  above  are  united  into  one  great  false-bedded  mass. 

The  fossils  of  the  Osmington  Oolite  are  very  interesting,  partly 
from  their  peculiarity  as  compared  with  those  of  the  other  beds  of 
the  same  district,  partly  from  their  similarity  in  fiBU^ies  to  those  of 
the  older  beds  which  this  series  so  strongly  resembles  in  structure,  and 
partly  from  the  assistance  they  afford  in  the  correlation  of  the  series 
with  those  of  other  districts,  especially  Yorkshire.  They  are  as  follows : 
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CAienmitimheddmgtoneiiflisjrSMo.), 
Phasianella  Buvignieri  (lyOrb.y, 
Natioa  oorallina  (Damon). 

dytia  (/XOrft.). 

Opis  oorallina  (Daman), 

PhilUpw  {Mar.). 

Ludna  Moreana  {Bmv.). 
Trigonia  claFellata  (Soto.). 
Hudlestoni  (lyc). 


Sowerbsra  triangularis  (Pk.\ 
Taneredia  planata  {M.^  L,). 

disputato  {Bl.  #  H.). 

curtansata  (PXSl.). 

Cucull»a  oontracta  (PA.). 
Lima  subantiquata  (Rom,). 
Pecten  qualioosta  (Et.). 
Eehinobriasus  scutatos  (Lam.). 


The  PhasianeUay  Sowerhya^  Taneredia^  Lima^  and  Peeten  are  the 
most  noteworthy  fossils  in  this  list,  as  being  very  characteristic  of 
these  beds,  and  yet  recalling  the  faoies  of  more  ancient  oolites. 

The  series  which  follows  and  conclndes,  in  an  ascending  order, 
the  more  calcareous  portion  of  the  Ck)rallian  beds  in  this  district 
is  one  of  extreme  importance,  no  less  by  the  abundance  of  its 
fossils  than  by  the  lithological  characteristics  which  approximate 
it  most  nearly  to  that  class  of  rock  which  might  fairly  bo  called 
"  Coral  Bag."  On  account  of  the  abundance  of  Ttngania  t^nveUata, 
we  have  called  these  the  "  Trigania-hedB  "  of  Weymouth.  Although 
they  present  no  very  constant  lithological  characters  throughout 
the  range,  there  is  no  difficulty  in  identifying  the  equivalent  bed, 
especially  as  it  is  almost  everywhere  overlain  by  at  least  some 
recognizable  thickness  of  more  argillaceous  beds.  In  deecendiug 
order,  we  may  describe  the  section  exposed  on  the  coast  near  Wey- 
mouth as  follows : — 

Sectian  of  Trigonia-5^  near  Weymouth. 

ft.  ir. 

1.  BubbW  gritty  limestone,  formed  of  a  mass  of  shellB, 

chiefly  Trigonia  clavellata  and  Gervillia  avicu- 
loidest  but  with  many  others,  in  seyeral  beds  with 
hummooky  irregular  surfaces  and  marly  partings, 
becoming  lees  fossiliferous  below 9    0 

2.  Strong  limestone  band  with  a  few  TViyonia  only...     1     6 

3.  Harsh  suboolitic  grits,  showing,  on  weathering, 

ramose  projections  in  moderate  relief.  Myacites 
numerous.     A  iVmikwi-bed  about   7  ft.,  down.  12    0 

4.  Numerous  irregular,  blue-weathering,  rather  im- 

pure limestones  in  humraocky  masses,  fuU  of 
shell-structure    6     0 


28    6 


The  following  fossils  have  been  found  by  us  in  the   Tngonia- 
beds  of  Weymouth  or  Osmington. 

•  Fossils  from  the  Weymouth  Trigonia- 5^29. 


Ammonites  cordatus  (Sow.). 

,  sp.  (cf.  eupaluB,  If  Orb.). 

Belemnites  (narrow  form). 
Ghemnitsia heddingtonensis  {Sow.). 

1  8p-  (</.  rupellensis,  D'Orb.). 

Nerinira  Goodhallii  (Sow.). 

fii8ciata?(ro//'r.). 

DosToidyi  (D'Orb.). 


Cerithium  raurioatum  (Sow.). 
Alaria  Deehayesea  (Bitv.). 

seminuda  (Hib.  ^  DesL). 

Natioa  corallina  (Damon). 

clyUa  (DOrb.). 

Neritu  rainuta  (Sow.). 
Littorina  pulcherrima  (Doi/f.). 
Turritella juras^ioa  (Qn)* 
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iWrotomArU  Monsteri  {Bern.). 

nticalate  {Sow.). 

BentBlinm  dnctimi  (Goldf.). 
FhcdadomTft  deoemoosUta  (Bam,). 

paacicoflta  (B&m,),  fmr. 

MjBotes  juraara  (Bronffm.). 
AroomyAy  ^. 

CeiomTa  exoentrica  (^.). 
Aflkaite  orate  (&W.). 

extcnsa  (>*.). 

poljmoipha  {Oont.). 

Cjpncardia  ghtbra  (^/.  #  ff.), 
(^FItil]ipn(Aror.). 

oonUina  (DojwoiiV 

Uoieardtiiin  tulcatam  (Leek,). 
Ludiia  aliena  (Ph.). 
bodonta  DMbayesea  {Buv.). 
Sowertyja  trianfirnlans  {Ph.). 
Owdium  cjrrauforme  {Buv.). 
Protocardium  isocardioides  {Bl.  ^ 

H.). 
Trigonia  daTellata  (Sow.). 

Meriani  (A^.). 

monilifera  (Ag.). 

Kucula  nuda  (Ph.). 
Cnoulljea  oonillina  (Damon). 
Mytilnf  pectmatns  (Sow.). 


Modiola  lalMBquiplioate  (OUif.), 
Pinna  granulate  (Sow.). 
ATicala  Stmdmianni  (pe  Lor.). 

ptoropemoides  (JBI,  ^  H.). 

Pema  quadrate  (Ph.). 
Qerrillia  ayicaloidet  (Sow,), 
Lima  elliDtioa  (WkUeave9\ 

riftioa  (Sow.). 

PlicatiJa  flstulosa  (M.  #  L.), 

semiarmate  (Et.). 

Pecten  fibroeus  (Sow.),  yar. 

qualicoBte  (Ei.). 

virdunenns  {Buv.y*. 

intertextus  (!Etom.). 

Hinnites  yelatus  (Goldf.). 
Ostrea  aoliteria  (^ow.). 

deltoidea  (Sow.). 

duriuBCula  (Ph.). 

ExogTia  nana  (iS^.). 
Astro^niom,  gp. 
Oidans  florigemma  (Ph.)  [rare]. 
Hemioidaris  intermedia  (Flem.) 
Pieadodiadema  Tersipora  (Ph.). 
Eohinobriflsus  aoutetus  (Lam.). 
Thamnastrsa  arachnoidee  (E.  ^  H.). 

concinna  (Ph.) 

Thecosmilia  annularis  (Ftem.). 


Tbe  appearance  of  these  yarioiu  diyisions,  when  we  encounter  them 
in  an  inland  section,  is  so  different  from  that  on  the  coast,  and  such 
sections  are  so  rare,  that  we  are  induced  to  give  an  account  of  such 
a  one  as  is  met  with  in  the  Bodwell  cutting  of  the  Weymouth  and 
Portland  Railway.     We  here  find  the  following  series  : — 


Section  of  CoraUian  beds  in  BodweU  cutting. 


ft.  m. 


'Thgonia- 
bedf^ 


"Oimington' 
Oolite" 


Bendiff 
Grits.'' 


1.  Blue  day 

2.  Hard   blue  impure  limestone  in  6  courses,  with 

numerous  casts  of  Trigoni^t^  Pleurotomaria,  &c....  12  0 

3.  Bubbly  liraeetones  with  marly  partings  (8  in.)  yery 

slightly  ooUtio    7  0 

4-  Oolite  marl,  full  of  fossils,  particularly  Myacifes. 

This  miff ht  almost  be  termed  a  fine-pained  pisolite  4  0 

5.  Grey  rubmy  limestone,  scarcely  oolitic  1  6 

6.  Stiff  marl,  very  oolitic  towards  the  base,  with  a 

hardened  ferruginous  bed  in  the  centre  4  9 

7.  Hard  ferru^noue  oolite    4  0 

8.  Marl  with  flaggy  calcareous  grit 3  0 

9.  Strong  semi-oolitio  flagstone  with  calcareous  mark- 

ings   1  0 

10.  Blue  clay  with  oolite  grains  at  the  base    3  8 

11.  Solid,  shelly  and  oolitic  ligbt-coloured  limestone, 
with  EchtTiobriMus  8cfUatu8  3  8 

Ligbt-coloured  marl,  becoming  oolitic  below    2  0 

Rough  shaly  oolite  in  2  blocks    4  0 

Marb* 6  0 

Pine-grained  calcareous  grit    2  0 

•  Allied  to  P.  lens. 


12. 


113. 
}\4. 
115. 
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And  about  22  ft.  below  this  occur  the  great  doggers  prcTiouaLy 
noticed  on  the  coast. 

Nearly  the  whole  of  this  section  shows  oolitic  conditions,  though 
the  beds  are  very  various  in  character,  illustrating  what  has  been 
very  forcibly  impressed  upon  us,  that  l^ese  Ck)rallian  beds  cannot  be 
trusted  to  be  constant  any  further  than  we  can  see  them.  The 
upper  portion,  as  on  the  coast,  is  the  most  fossiliferous.  Passing 
on  in  the  same  direction  to  Wyke,  we  find  the  whole  series  here 
indicated  massed  into  one  suboolitic,  false-bedded,  rubbly  lime- 
stone, indicating,  perhaps,  a  source  of  the  calcareous  material 
situated  to  the  west ;  but  of  this  section  we  need  not  give  details. 

The  beds  corresponding  to  these  Tr^onta-beds  at  Osmington  are 
a  perfect  mine  of  wealth  to  collectors ;  and  the  matrix  being  peculiar, 
the  locality  of  hand  specimens  is  easily  identified.  The  upper  part 
of  the  limestones  here  becomes  a  large-grained  purple  oolite,  the 
marly  partings  becoming  a  soft  oolitic  rock  from  which  the  fossils 
are  extracted  in  good  preservation.  Blocks  may  be  obtained  oovered 
with  double  valves  of  Trigonia  daveUata  with  the  ligament  unin- 
jured ;  and  hence  is  said  to  have  come  the  beautiful  coral  Comoseris 
itTodians,  figured  by  Edwards  and  Haime,  as  well  as  other  corals, 
which,  however,  are  by  no  means  common. 

From  this  locality  the  same  beds  may  be  traced  at  various  points 
along  their  outcrop,  always  characterized  by  their  extremely  fossili- 
ferous nature,  being,  indeed,  largely  composed  of  sheUs,  and  showing 
very  little  oolitic  structure.  In  a  quarry  in  this  stone  at  Broadwey, 
Mr.  Damon  has  recorded  the  occurrence  of  Ceromya  excentrim 
(Ag.),  a  fossil  of  importance  in  some  localities. 

Fig.  1. —  View  of  Linton  Hill  from  the  North, 


a.  Oolite  Quarry.  b.  Trigonia-hedB.  c.  Sandsfoot  Grits.  d.  Iron  San( 

The  developnient  of  these  and  the  overlying  beds  near  Abbotsbury 
is  admirably  seen  in  the  picturesque  elevation  called  Linton  Hill 
(fig.  1).  Its  gently  sloping  sides  are  scored  obliquely  by  two  cliff-like 
escarpments  passing  over  it  from  S.S.W.  to  N.N.E.  These  are  due 
to  the  succession  of  hard  beds  which  have  a  rather  less  slope  to  the 
east  than  the  surface  of  the  ground ;  they  crop  out  in  succession  in  a 
long  longitudinal  valley  to  the  south,  where  the  large  tabular  doggen^ 
are  seen,  and  spread  out  in  broad  patches  on  the  northern  slope. 
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On  the  western  slope  of  the  hill,  opposite  St.  Catherine's  Chapel,  is 
stnated  the  quarry  (a)  already  noti<>dd  (p.  265)  as  representing  the 
Oimington  Oolite ;  and  the  firet  of  the  abrupt  escarpments  going  east 
it  composed  of  the  series  representing  the  !ZV^anta-beds  (h) ;  while  the 
next  escarpment  presents  us  with  higher  beds,  which  will  be  described 
in  the  sequel. 

On  the  broken  edge  of  the  first  escarpment  the  following  beds 
maybe  traced,  in  descending  order  : — 

ft. 

1.  Thin  flaggy  Umeitones  with  abundant  foasilt 5 

2.  TVigonia-gnt  wi^  Mt/€untes 2 

3.  Strong  ihelly  limettoue. 

4.  White  marl  with  Trig<mia. 

5.  Diin  shelly  limestone. 

6.  MarL 

7.  Flaggy  white  Oolite 1 

8.  Whitish  mari.  — 

The  total  being  about 30 

In  the  space  between  the  base  of  this  and  and  the  Oolite  quarry 
are  some  thin  flaggy  sandstones.  Possibly  Nos.  7  and  8  should 
belong  to  the  series  below.  These  beds  are  most  nearly  paralleled 
by  those  at  Weymouth,  but  they  chiefly  illustrate  the  great  vari- 
ableness of  the  formation. 

The  fossils  collected  from  the  upper  part  of  these  beds  are  inter- 
esting and  peculiar.  Several  of  the  species  enumerated  from  the 
TW^to-beds  of  Weymouth  and  Osmington  occur  here,  and  we  note 
the  following  in  addition : — 


Ammonites  plioatilis  ^Sow,). 
^  ,  inflati 


Ceromya  inflata  (Aff.). 
Anatina,  sp.  {c/.  undulata, . 
Myadies  dsourtatus  (PkU.). 


Gkmiomjra  v-soripta  (Saw,), 
Mytilus  jurensis  (Bom.), 
Pygaster  umbrella  (Ag,), 
Aorosalenia  decorata  (Aaime), 


Although  the  whole  of  the  Corallian  deposits  have  a  distinct 
character  in  the  Weymouth  area  which  can  scarcely  be  paralleled 
elsewhere,  yet  the  most  remarkably  distinct  are  those  which  succeed 
the  beds  already  described.  Immediately  overlying  the  shelly  lime- 
stones of  the  2Vi^<mui-beds,  and  without  any  gradual  change,  a 
oonaiderable  thickness  of  day  is  seen,  reaching  to  as  much  as  40  ft. 
at  BandsfSoot  CasUe,  somewhat  less  at  Wyke,  where  about  12  ft.  are 
Been,  and  making  a  comparatively  slight  gAiow  at  Linton  Hill  and  Os- 
mington. This  clay,  at  Sandsfoot,  is  extremely  calcareous,  and  con- 
tains two  indurated  bands  which  may  be  described  as  a  mixture  of 
hme,  sand,  and  clay  with  a  moderate  proportion  of  ferrous  carbonate, 
difiseminaied  pyrites,  and  carbonaceous  matter.  These  two  bands  are 
hig^y  charged  with  fossils,  often  of  a  large  size.  In  the  intervening 
day  the  fosnls  are,  on  the  contrary,  dwarfed,  as  may  be  especially 
Been  in  a  large  colony  of  deltoid  oysters,  which  are  extremely  small. 
The  other  fossils  are  Astarte  aupraoarallina  (D'Orb),  CarbtUa  Des^ 
hayesea  (Bnv.),  Nuetda  Menkei  (Rom.),  and  small  Area  and  2V^on»<v. 
In  the  harder  portions  a  more  numerous  collection  may  be  made, 
inohding,  in  addition  to  those  just  mentioned: — 
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Ammcmitet  plioatilii  (Sow.). 
Turbo  ?  exiguus  (Rom.), 
Idttorina  pulcherrima  (Doll/.). 
Oerithium  septemnlicatum  Qiom.). 
Pleurotomana  reticulata  (Sow.). 
Oardium  delibatum  (De  Lor.). 
Trigonia  clayellata  (Sow.), 
Gt>niomja  marffinata  (Ag.). 
Cuoulliea  ooramna  (Damon). 

Buperba  (Cont.). 

Thracia  depressa  (Sow.). 


Pholadomja le^uaUa  (Sow.). 

bemioardia  (4^.). 

Arioula  pteropernoides  (BL  ^  E,). 
Pema  mytiloiaes  (Lam.), 
Pinna  peaolina  (Cont.X 
Pecten  lens  (Sow.). 

Timineus  i&)w.). 

mi6M8(D^0rb.). 

Huinites  yelaUu  (Gold/.), 
Oetrea  deltoidea  (Sow.). 
Gidaris  Smitiiii  {jVr.). 


In  these  beds,  which  have  the  same  character  as  the  great  pelo- 
lithic  formation  of  which  the  Corallian  beds  themselves  are,  as  it 
were,  an  exceptional  development,  we  have  no  physical  causes  to 
produce  a  special  fauna ;  and  therefore  we  may  regard  them  as 
giving  us  a  fair  index  of  the  lapse  of  time.  The  aspect,  however, 
of  this  fauna,  is  markedly  Kimmeridgian,  only  a  few  of  the  fossils 
being  usually  found  in  Corallian  beds.  Any  one  finding  this  clay 
inland  without  the  association  of  the  other  rocks,  and  noting  the 
commonest  of  the  fossils,  would  doubtless  call  it  Kimmeridge  Clay ; 
indeed  Prof.  Sedgwick,  in  his  description  of  this  very  section  at 
Weymouth,  boldly  calk  it  so.  It  serves  to  show  how  very  much  of 
a  Kimmeridgian  aspect  the  upper  portions  of  these  exhibit,  as  the 
lower  ones  do  of  an  Oxfordian.  We  may  quote  this  clay  as  the 
"Sandsfootaay." 

On  this  olay  lies  a  series  of  remarkable  sands  and  grits  of  a  fer- 
ruginous colour,  which  are  extremely  well  developed  at  Sandsfoot  and 
on  Linton  HiU,  but  cannot  be  matched  elsewhere  in  England  for 
extent  and  thickness,  and  which  are  extremely  fossiliferous.  These 
have  been  well  described  in  their  lithological  characters  by  previous 
authors ;  but,  for  the  completion  of  our  account,  we  may  be  excused 
the  repetition,  lliey  may  be  well  seen  along  the  shore  beneath 
and  on  either  side  of  Sandsfoot  Castle.  Our  section  commences 
below  what  one  of  us  has  called  the  '^  Eimmeridge  passage-bedB,** 
and  ends  above  the  Sandsfoot  day. 

Section  of  the  Sandsfoot-Castle  hede^  in  descending  order : — 

ft.  in. 

1.  Thin  band  of  ironstone    1    0 

2.  Blue  marl^  day,  badly  stratified,  unfossiliferous 15    0 

3.  Glauoonitic  ferruginous  grit,  hardest  at  the  top,  with  an 

open  structure,  and  havinff  impressions  of  sheUs 6    0 

4.  Brown  and  grey  spongy  oafi>-ffnt  of  hackly  fracture,  with 

numerous  interlannff  stem-like  bars,  and  hollow  tubes  of 

olay.    3fya«»^  in  the  natural  position    2    2 

5.  Blue  day,  with  a  layer  of  large,  almost  continuous  iron- 

stone doggers  passing  downwards  into  the  next,  and  thus 
becoming  more  «indy  7    6 

6.  Uniform  yellow   sand,  becoming  Tery   ferruginous-loobng 

«nd  compact  below ;  becoming  also  irregular  and  concre- 
tionary. The  lower  part  is  distinct  in  some  parts  as  a 
purplish  ironstone  wiUi  shales.    Very  fossiliferous  12ft  to  18    0 

It  is  to  this  lowest  set  of  beds,  which  we  may  oall  the  "  Sandsfoot 
Grits,"  that  the  johief  interest  attaches ;   and  they  require  more 
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ftrticQlar  nodoe.  A  few  feet  from  the  top  of  the  sand  we  find 
a  bed  with  Pummx  pesoHna  in  the  position  of  life.  Below  this  a 
dark  green  rock  comes  on.  Grit  is  certainly  a  chief  component  of 
all  these  rocks ;  but  they  are  so  coloured  by  iron  in  various  com- 
binations and  states  of  oxidation,  as  to  seem  much  richer  in  that 
metal  than  they  really  are.  The  middle  and  lower  portions  are  most 
caleareoiis,  and  are  specially  remarkable  for  the  strange  interlacing 
fbooid  or  sponge-growths,  which  are  not  only  met  with  here  and 
there  as  in  the  lower  grits,  but  make  up  a  large  part  of  the  rocks, 
and,  weathering  out  in  a  purplish  tint  upon  a  greenish  ground,  give 
a  Tery  curious  aspect  to  the  surface.  What  we  see  here,  indeed,  is 
not  drifted  material  brought  from  a  distance  to  be  deposited  along 
with  its  organic  remains,  but  the  actual  spot  on  which  colonies 
of  fucoids  and  sponges  luxuriated,  and  on  which  they  left  their 
remains,  their  most  constant  MoUuscan  companion  being  the  great 
Lima  ptednifarmis. 

The  beds  thus  described  are  very  variable  in  character  and  thick- 
nesB ;  and  the  limits  between  two  beds  can  scarcely  be  traced  for 
more  than  a  few  yards.  We  have  found  in  them  the  following 
foasils: — 


Ammonitee  achilleB  (I/Orb.). 
BelemDitee  nitidas  (DoUf.). 
Pleurotomaria  Munsteri  (Rom.). 
litunina  pulcberrima  {DoUf.). 
Astarte  OTata  {Sew.). 

gupracorallina  {UOrh.). 

polymorpha  (Cont). 

Pliolaaomya  hemioardia  {Ag.). 

Gresslya  peregrina  (Ph.), 
Thnda  depressa  {Sow.). 
Ooniomya  literata  {Sow.Y 
Cardium  delibatum  {De  Lot.). 
Lucina  subabriata  {RUm.). 
Trigonia  muricata  {GoU(f.). 
Pixina  peeolina  (Cont.), 
Peeten  midaa  {UOrb.). 


Pecten  diftriatus  {^Leym.), 
Lima  pectiniformis  {Sow.). 

rigida(iS9C&.V 

Hiimitee  Tolatus  (Gold/.). 
ATicula  aediligneDBis  (nlake), 
Plicatula,  sp. 
Exogjra  nana  {Sow.). 
Ofttrea  deltoidea  {Sdo.), 

Bolitana  {Sow.). 

duriuaoula  (PA.). 

Serpula  tetragona  {Sow.). 

sulcata  {Sow.), 

Disdna  Humphriesiana  {Sow.). 
lingula  oraliB  {Sow.). 
Cidaris  florigemma  (PA.). 

Smithii  (»>.).  . 

BohinobriMua  ecutataa  {Lam,). 


The  rocks  which  we  are  now  describing  make  a  very  marked 
feature  on  Linton  Hill,  where  they  score  the  hillside  with  a  ruddy 
sloping  cliffy  to  the  east  of  that  wluch  is  composed  of  the  Trigonia- 
beds  (see  fig.  1,  e).  The  characters  are  here  very  similar  to  those 
at  Sandafoot,  the  lower  and  more  ferruginous  beds  being  alone 
exposed.  We  see  the  same  variegated  concretions  and  branching 
organisms,  and  meet  with  the  same  fossils,  though  more  sparingly. 
They  are  also  exhibited  in  considerable  thickness  in  the  fleet, 
their  maximum  lying  perhaps  rather  south  and  west. 

In  the  neighbourhood  of  Osmington  and  in  the  western  part  of 
Ringstead  Bay,  this  series  is  also  well  developed,  the  divisions 
being  nearly  tiie  same  as  at  Sandsfoot,  though  the  beds  are,  as 
a  whole,  more  argillaceous.  Thus  on  this  side  of  Weymouth 
Bay  the  '*  Sandsfoot  Grits "  are  largely  mixed  with  clayey  matter, 
and  therefore  make  less  show  on  the  cliff.  Tet  it  is  quite  possible 
to  identify  them  both  west  of  Osmington  and  in  Ringst^  Bay 
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itself.  The  following  may  be  deemed  an  average  development  o£ 
this  upper  series  between  the  clifEs  west  of  Osmington  and  its  final 
disappearance  in  the  dip  in  Bingstead  Bay : — 

Kimmeridffe  Olay.  ft.  in. 

a.  Bed  ohai^^  with  £n>o^fia  nofia  and  mmny  oUier  (omOs 0    8 

b.  Blue  dsTB   of  Tariaue   thidmeaB,  haying  usoally  a  large 

quantity  of  BkynchoneUa  inconstams  towards  the  middle, 
with  many  Serpukt  and  foenlB  of  a  decidedly  Kimmeiid- 

gian  oharaoter    say    4    0 

Upper  Oorallian.  

1.  An  Upper  Ooral  Bag,  chiefly  made  up  of  T%amnagtr€Ba  eon- 

cmna  and  ThecasmUia^  with  an  aaaemblage  of  highly 
diaraoteristic  fossils,  Peeten  vtmtfMiw,  lAma  rigida,  L.  pec- 
tmiformia,  spinee  of  Cid.  Jlorigemma  &c,  in  a  hard 
marlygrit 0    8 

2.  Thin  dav,  with  &rpw/ii  0    4 

3.  Bands  of  hard  yellow  ferruginous  day  1     4 

capping 

4.  A  waxy  unfoeoliferous  day,  with   occasional   ferruginous 

corals   9    0 

5.  Bed  grit  (top  of  the  Sandsfoot  grits),  with  Pect^  midast 

Gcmumi^  v-acripta.  Ammonites  deetpiens 5    0 

6.  Ferruginous  sandy  shale,  being  a  continuation  downwards 

of  no.  5  14    0 

7.  Sands  and  shales,  with  two  stroi^f  bands  of  Osirea  deUoidea, 

based  upon  an  intermittent  band  of  shelly  ferruginous  stone, 

full  of  small  Os^recs  and  C^infto.    ^f/.  ni^us  common...    7    0 

8.  Unfoisiliferous  shales  (the  Sandsfoot  Clay)  18    0 

55    4 

The  beds  vary  much  both  in  character  and  thickness  within  short 
distances.  Thus  No.  1  is  not  always  to  be  made  out  west  of  Os- 
mington, but  is  well  seen  in  Bingstead  Bay.  In  the  analogous 
position  at  Sandsfoot  there  is  a  slight  indication  of  this  bed ;  but 
nowhere  else  in  the  Weymouth  district  is  there  such  a  satisfactory 
exhibition  of  Coral  Rag  as  on  this  horizon  in  Bingstead  Bay — a  fact 
which  seems  to  have  escaped  the  notice  of  Waagen.  B^des  the 
fossils  above  mentioned,  Astarte  ovata  (peculiar  form),  Opis  coral- 
Una,  and  a  very  large  Modiola  are  characteristic ;  there  is  also  an 
abundance  of  deltoid  oysters  both  above  and  below.  The  Ammonite 
accompanying  this  group  is  a  modification  of  the  form  figured  by 
D'Orbigny  as  A.  eymodoce,  described  as  a  Corallian  species. 

A  very  similar  form  occurs  in  the  EhynchoneHa-hed^  which  we, 
in  common  with  Waagen,  consider  to  be  the  true  base  of  the  Kim- 
meridge  Clay  in  this  locality.  This  circumstance  would  indicate  that 
no  very  great  lapse  of  time  intervened  between  the  two  groups. 
The  continuity  of  deposit  is  practically  unshaken,  the  character 
only  is  changed.  But  here  on  this  horizon  the  Corallian  fauna 
apparently  made  its  last  stand  before  succumbing  finally  to  the 
new  conditions.  The  above-mentioned  Anmionite,  which  is  doubt- 
less itself  a  modification  of  the  old  plicatiloid  forms,  would  be 
deemed  Kimmeridgian  if  found  in  middle  or  northern  England.  In 
the  Weymouth  district,  however,  the  Ammonites  for  the  most  part 
seem  to  occur  on  horizons  lower  than  we  should  expect,  judging 
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from  the  rest  of  the  fauna,  and  perhaps  on  the  whole  incline  to 
French  rather  than  to  En^ish  types  ♦. 

The  Ahhotsbfury  Ironstone. — ^It  has  long  been  known  that  vast 
deposits  of  hy^ted  ferric  oxide  associated  with  silica  occur  at 
Abbotsbury ;  bat  their  geological  position  has  not  been  made  clear, 
nor  their  fossil  contents  enumerated.  The  deposit  is  a  very  local 
one,  and  is  contained  in  a  syndiual  trough  on  which  the  Tillage 
stands.  It  b  very  well  exposed  in  two  sections  to  the  north  of  the 
main  street.  The  first  is  in  the  roadway  leading  over  the  hill  to 
GorweD,  which  is  cut  into  the  natural  rock ;  and  the  dip  to  the 
aoQth  being  greater  than  the  slope  of  the  road,  we  meet  with  the 
highest  beds  below,  and  continually  rise  into  lower  ones.  It  is  not, 
therefore,  easy  to  estimate  the  total  thickness.  It  is  a  tolerably 
nni&rm  deposit  as  seen  in  this  road,  the  weathering  haying  ob- 
literated most  of  the  minor  features.  In  the  second  section,  that 
in  Red  Lane  (a  very  appropriate  name),  the  beds  are  less  changed, 
sad  we  may  recognize  the  following  variations  in  them : — 

Section  of  Ironstone,  Red  Lane,  Abbotsbury, 

1.  Loose  ferruginous  Band '^  ft.  in. 

2.  Grumlar  iron-ore,  with  grains  about  the  size  of  a  millet-seed,  and  | 

with  streaks  of  feme  hydrate  in  Tarious  directions.     Fossils  ^20    0 
abundant,  especially  Brachiopoda,  as  Bhynchanella  ooraUina  | 

and  Waidheimia  lampas ) 

S.  Coarse  ferruginous  suboolitic  grits  in  hard  cherty  bands  with 

mxmetOMa  Ammonites  decipiens 2    6 

4.  Yellow  weathering  sand  without  fossils  2    0 

5.  Bark  ^reen  earthy  suboolitic  rock  highly  charged  with  ferrous 

oxide 1    0 

6.  Dark  ferruginous  sandstones  with  intercalating  Tariable  hard  beds, 

with  fossils  in  the  form  of  casts,  including  Eicogyra  virgiUa  ...     10    0 

35  6 
We  are  unable  in  this  section  to  trace  the  connexion  of  the  beds 
cither  upwards  or  downwards ;  but  we  can  see  that  there  is  no 
loom  for  any  thing  above  them  to  dip  beneath  the  Kimmeridge  Clay. 
That  these,  or  at  least  their  equivalents,  overlie  the  Sandsfoot  Grits 
is  satisfactorily  proved  on  Linton  Hill  (see  fig.  1),  where  the  cliff 
fonned  by  the  latter  is  distinctly  seen  to  be  continued  beneath  a 
small  mound,  in  which  is  an  excavation  showing  the  characters  of 
the  ironstone.  The  clays  and  sandy  beds  which  intervene  between 
fte  yellow  sands  at  Sandsfoot  and  the  true  Kimmeridge  Clay  are 
not  seen  here ;  and  the  Abbotsbury  Ironstone  may  be,  as  far  as 
stratigraphy  is  concerned,  on  their  horizon.  But  this  must  be 
hettcr  judged  of  by  their  fossils. 
In  the  ironstone  we  have  found  the  following : — 

*  When  we  first  inspected  this  Osmington  section,  the  sliding  forward  of  the 
■operineumbent  day  had  so  advanced  the  opper  beds  as  completely  to  obscure 
the  reading.  The  very  wet  winter  of  1876-^  seems  to  have  cleared  much  of 
this  away.  One  of  us,  on  visiting  the  locality  in  March  1877,  had  the  good 
fortane  to  find  the  Bingstead-Bay  Section  especially  clear.  The  statement, 
tberdbre,  that  there  is  no  Coral  Bag  whatever  in  the  Weymouth  district  must 
be  modified. 
aJ.G.S.  No.  130.  X 
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Pleuromya  donacina  {Ag.\ 
Cardium  d^ibaUim  {JOe  Lor,). 
InoceramuB,  sp. 
Pinna  pesolina  {C<mf.\ 
Pecten  mida«  (jTOrb.). 
BhynohoneUa  corallina  {Leyni.). 

inconstans  (Sow,), 

Terebratula  subeella  (Le$fm,), 
Waldheimia  lamtma  {Sow,), 

dorsetensis  \Dav.). 

Ecbinobrissus  scutatua  {Lam.). 
Glyphaea  fermginea  (Bl,  4"  ^-X 
Serpula  Royeri  (1)6  Lor.). 
gordialis  (Gol4f.). 


Ichthyosaurus  (tooth). 
Ammonites  decipiens  (Sow,). 

hector  (D'Orb.). 

Belemnites  nitidus  (JDoVf.) 
Chemnitda  pseudohmbata  ( J?Z.  ^H.), 

delia  (JXOrb.). 

femiginea  (Bl.  ^  H.), 

Pleurotomaria  reticulata  (Sow.),  var. 

Alaria^  sp. 

Pterooera,  sp. 

Natica  eudora  (If  Orb.), 

Modiola  subsequiplioata  (Goldf.). 

Arcasublata^iyOri.). 

Trigonia  monilifera  (Ag.\  var. 

Pleuromva  Voltxii  (Ag.). 

teluna  (Ag.), 

Some  of  the  fossils  are  so  badly  preserved  that  we  ate  unable  to 
identify  them  with  certainty ;  and  among  these  are  species  ofPteroeera, 
which  are  of  great  interest  as  possibly  indicating  a  deposit  similar 
to  those  known  as  "  Pterocerian  "  on  the  Continent,  but  not  ds^ 
where  found  in  England.  The  other  great  feature  of  the  fauna  is 
the  presence  of  Brachiopoda,  which  we  have  nowhere  else  met  with 
in  the  Corallian  beds  of  this  district;  and  from  the  association  of 
Bhynchoiulla  corallina  with  R.  viconstans  we  may  infer  that  we  are 
really  dealing  with  beds  at  least  on  the  horizon  of  the  passage-beds  to 
theKimmeridge  Clay;  and  the  other  fossils  lead  to  the  same  conclusioD. 
Combining  this  with  the  stratigraphical  evidence,  we  may  arrive  at 
a  pretty  correct  estimate  of  the  age  of  this  Abbotsbury  Ironstone. 

The  remarkable  structure  of  this  rock  requires  more  than  a 
passing  notice.  It  has  undergone  much  chemical  change  since  its 
deposition ;  and  this  has  caused  the  decortication  and  destruction  of 
the  more  tender  fossils.  Except  where  seen  unweathered,  as  in  some 
of  the  lower  beds,  it  has  not  usually  much  coherence ;  so  that  when 
dried  and  pressed  the  particles  readily  separate;  and  we  find  it  to  be 
made  up  of  three  principal  constituents : — 

1.  Quartz  grit,  rounded  and  subangular,  and  variable  in  size. 
^  2.  Coffee-coloured  granules  with  a  smooth  surface,  for  the  most 
part  circular  and  flattened,  but  occasionally  oval,  about  the  size  of  a 
large  pin's  head,  with  fragments  of  the  exterior  scattered  about  like 
broken  egg-shells. 

3.  A  buff-coloured  investment,  much  poorer  in  iron  than  the 
granules,  which  adheres  to  the  quartz  grains,  and  sometimes  forms  a 
cement  to  the  whole  mass ;  it  contains  a  considerable  amount  of 
ferrous  carbonate. 

The  presence  of  so  much  silica  in  the  form  of  quartz  is  said  to 
detract  from  the  commercial  value  of  the  ore ;  but  the  small  amount 
of  phosphoric  acid  found  in  the  granules  may  possibly  compensate 
for  this. 

The  granules,  when  broken,  are  seen  to  consist  of  a  brown  exterior 
shell,  which  is  largely  but  not  wholly  composed  of  ferric  hydrate,  and 
of  an  interior  filled  with  a  buff- coloured  powder  much  poorer  in  iron. 
There  has  been  a  centrifugal  movement  in  the  iron  here,  such  as  is 
known  to  occur  in  many  pcroxidized  iron-ores ;  but  this  is  perhaps  ft 
comparatively  recent  action.   The  granule  may  perhaps  be  called  "  an 
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ooiittt  graia  of  the  hydrous  oxide  i"  but  even  the  outer  skin  is  not 
pure  oxide ;  and  after  treatment  with  acid  there  remains  a  residue 
presenting  a  sphere-on^phere  structure,  hollow  within,  and  composed 
of  a  uniform  subciystalline  material,  the  greater  part  being  silica. 

An  analysis  of  the  mass  of  the  ore  is  given  in  Damon*s  account. 
A  tam^  ci  the  granules  has  yielded  the  following : — 

Moisture 1-21 

Constitutional  water 11'29 

Ferric  oxide 73*67 

Alumina  and  soluble  silica. 4-17 

Lime    1-60 

Magnesia 1'41 

Insoluble  in  HCl 6-63 

Oiganic  matter,  caitonic  acid,  euaid  loss. .      1*22 

Phosphoric  acid trace 

100  00 
It  would  lead  tis  too  far  from  our  subject  to  inquire  the  causes  of 
tiie  changes  that  have  brought  the  rock  into  this  state,  and  what 
was  its  original  condition,  which  must  have  been  very  different  from 
what  it  now  is  ;  but  these  points  must  be  determined  by  chemical 
mUwr  than  by  geological  connderations. 

%aek  are  the  Corallian  rocks  of  the  Weymouth  district.  They 
hsTc  been  separated  after  the  Yoricshire  type  by  authors;  but 
though  the  series  of  changes  have  beeh  remotely  similar,  we  shall 
lee  that  tiiis  affords  no  reason  for  the  subdivisions  being  contem- 
p(»BneoHs;  and  we  have  therefore  abstained  from  the  use  of  the  old 
Yorkshire  names.  There  is  nothing  specially  "  coralline  "  in  the 
series  as  connected  with  Corals;  and  the  term  "  Coral  Rag,"  which  is 
an  essentially  lithological  name,  is  here  especially  inappropriate ;  for 
sach  a  rock  occurs  only  in  one  limited  locality  in  the  whole  district. 

n.  The  Nobth-Dobsbt  Distbict. 

A  considerable  and  important  mass  of  Corallian  rocks  is  developed 
in  this  district;  but  beyond  their  mapping  by  the  Geological 
Survey,  and  a  paragraph  by  Mr.  Mansel  Pleydell  in  the  '  Geological 
Xagatine,'  no  illustration  of  them  has  yet  been  given.  Yet  the 
feferict  has  features  which  are  not  met  with  elsewhere.  In  general 
the  rocks  strike  north  and  south;  but  they  have  a  prolongation  along 
their  southern  boundary  far  to  the  west  of  their  general  range.  In 
our  description  we  shall  find  it  best  to  commence  atSturminster,  where 
the  nulway-cutting  affords  a  magnificent  section,  which  to  a  large  ex- 
tent serves  as  a  key  to  the  whole  district,  the  other  developments 
hebg  best  understood  by  their  relation  to  the  rocks  here  exposed. 

This  cutting  (fig.  2)  crosses  the  escarpment  at  right  angles  at  about 
25  feet  above  the  level  of  the  river  Stour,  which  runs  over  Oxford 
Clay ;  and  as  the  beds  dip  at  about  4°  E.,  higher  beds  are  met  with 
b  that  direction  till  cut  off  by  the  denudation  of  the  country  where 
the  railway  leaves  the  cutting. 

The  following  beds  are  here  exposed  in  descending  order  :— 

t2 
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Section  in  Sturminster  RaUway-cuUt 

No.  1.  Yellow ftrgillaoeoufl  sands,  much  mixed  witl 

No.  2.  Blue  marl  and  clay,  with  numerous  small  O] 

No.  3.  Calcareous  sandstone,  gradoatinff  downward 
rubbly  limestone  bands  with  mmy  partings, 
taining  Ammonites  plicatilis^  Pema  mytU 
Myacites  securiformiSy  Astarte  poltfmorpha 

No.  3a.  light-blue  marl,  with  light  rubbly  lime 
concretions  at  the  top  

No.  36.  Bough  limestone,  shelly  and  hardened  to^ 
the  upper  part,  and  having  a  thin  bed  of  blu< 
below.  This  contains  a  few  oolitic  grains  < 
sizes  up  to  that  of  a  pea.  Trigonia  davt 
Eckinobrissus  scutatus,  Astarte  cdiena^  Lucinc 
Exogyra  nana   

No.  4.  Bubbly  limestone,  discoloured  except  nea 
base,  where  it  is  white  and  soft  for  2  feet,  w 
hardened  band  of  1  foot  below.  The  fossils  ii 
bed,  though  very  numerous,  are  much  roUec 
rubbed,  most,  if  not  all,  having  been  brought 
a  distance,  or  subjected  to  currents  in  the  i 
bourhood.  The  most  abundant  is  Cidaris  flat 
ma ;  and  there  are  besides  Alaria  Deshaytfea^ 
rotomaria  reticulata^  Chemniteia  heddington 
Nerin4BQy  sp.,  Natica  de^'anira^  Phasianeua  1 
nierit  lAttorina  muricafa,  Cerithium  muric 
Sowerbya  tria$MtUari»j  Opts  coraUina,  Ptma 
loideSj  Lima  subantiauata,  L.  elliptica,  Unicar\ 
sp.,  Modiola,  sp.,  Exogyra  nancL,  Ostrea  grei 
Thickness  ....T 

No.  6.  False-bedded  shell  limestone,  of  Taryinghan 
and  often  quite  soft,  made  up  almost  entir 
fragments  of  shells,  Tery  few  being  of  recogn 
completeness ;  oolitic  grains  are  also  numi 
The  fals^bedding  is  ver>'  regular,  dippins  east 
angle  of  1(^°,  so  that  in  the  space  of  uie  ci 
more  than  (K)  feet  are  seen  as  measured  perp 
cular  to  the  suocessiTe  beds.  As,  however,  the 
traced  to  the  east,  they  are  found  to  be  grad 
becoming  conformable  to  the  beds  above ;  tb 
uppermost  beds,  one  of  which  is  more  compac 
distinctly  wedge-shaped,  decreasing  in  the  din 
of  the  false  dip,  wbicn  here  has  the  same  indin 
as  the  true  dip  of  the  overlying  bed,  from  4  f 
almost  nothing.  The  surface  of  this  set  of  b 
waterworn  and  irregular,  with  the  overlying  r 
beds  in  pockets.  Phasianella,  sp.,  Cerithium 
ricatum^  Lima  elliptica,  Pseudoaiadema  radi 
Thickness  as  a  whole 

No.  6.  Black  and  white  rubbly  marl,  the  whiter  poi 
in  hard  bands,  the  light  upper,  and  dark  ci 
parts  very  fossiliferous ;  but  all  the  fossils  are  t 
and  appear  to  have  been  transported.  Liti 
fHuricata^  Turbo  funicuUitus,  Cerithium  murie 
C.  inomatum^  Ceritella,  sp.,  Orthostoma,  sp.,  < 
stedtia  Usvigata,  Cypricardia  glabra,  Lima  elli 
Pecten  strictus,  Exogyra  nana,  Echinobrissus  i 
tuSf  Acrosalenia  decorata^  Htmicidaris  intert 

Thickness 

No.  6  a.  Loose  pisolite  of  large  flattened  concretic 

No.  6  b.  Oolitic  nuirl  with  large  grains,  3  feet  seei 
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Xo  sign  of  any  sandy  or  grit  beds  can  here  be  discovered  below 
this. 

Before  drawing  attention  to  the  pecnliarities  of  these  strata  and 
their  relation  to  others,  it  will  be  well  to  complete  the  section  of 
tite  Corallian  beds  in  this  immediate  neighbourhood,  as  wo  are 
enabled  to  do  by  various  minor  exposures.  The  first  is  seen  on  the 
Borface  of  a  path  on  the  south  of  the  river  leading  down  to  a  water- 
milL  After  having  here  traced  the  beds  down  to  the  loose  pisolite 
(No.  6  a),  we  find  about  12  feet  of  rubbly  creamy  oolite  under- 
lying it,  easily  distinguished  from  the  oolite  above.  This  doubtless 
tikes  the  place  of  No.  6  b ;  and  beneath  it  immediately  comes  stiff 
blue  day,  below  which  no  surface  indications  are  seen ;  and  the 
only  representative  of  any  thing  like  grit  that  we  could  hear  of  was 
met  with  in  the  bottom  of  wells.  The  "  Lower  Calcareous  Grit,'* 
as  marked  on  the  map,  must  therefore  here  bo  very  feeble  indeed. 

Not  far  from  this  spot,  on  the  highroad-side,  are  some  other 
exposures,  serving  to  show  the  variable  nature  of  No.  5,  as  in  one 
place  it  is  only  10  feet  thick,  and  a  little  further  to  the  west 
thins  out  altogether,  and  the  lower  marls,  here  crowded  with 
Eekinobrissus  scutatus,  are  in  contact  with  the  rubbly  beds,  which 
are  more  argillaceous. 

On  the  roadside  to  the  east  of  the  bridge  are  seen  rough,  shelly, 
thin-bedded  limestones,  dipping  east  at  about  5^,  which  represent  the 
base  of  No.  3 ;  and  these  are  followed  in  the  direction  of  the  dip,  as 
seen  in  a  quarry,  by  more  creamy  shelly  limestones,  with  abun- 
dance of  Natica^  Nerincea,  &c.,  which  have  a  thickness  of  at  least 
12  feet,  and  represent  therefore  a  larger  development  of  calcareous 
matter  in  this  part  of  the  section  than  is  seen  in  the  railway-cutting. 
AboTe  these,  in  the  Hole  road,  we  meet  again  with  the  clays  and 
sands  of  the  railway -section ;  but  above  them  we  find  ferru- 
ginous fossiliferous  sands  and  concretions,  which  form  a  rock 
mass  at  the  top,  and  are  succeeded  by  broken  Eimmeridge  Clay. 
The  fossils  of  these  beds  are  Ammonites  plicatilis  (?),  Belemnites 
nitidui,  PUuromya  tellina,  Pimia  pesolina,  Pecten  midas^  Avicula 
<»iiUfftiensi8,  Ostrea  deltoicUa,  Serpula  rundnaia.  This  completes 
the  series;  and  we  may  anticipate  so  far  as  to  say  that  the 
characters  here  exhibited  are,  with  minor  exceptions,  fairly  typical 
of  the  whole  region  of  North  Dorset. 

We  first  remark  here  the  feeble  development  of  the  grits  and 
sands  at  the  base,  which  usually  form  so  marked  a  feature.  They 
are  hardly  to  be  discovered  at  all  at  Sturminster  ;  and  to  the  south  of 
the  town,  along  the  westerly  range,  we  have  but  very  slight  indi- 
cations of  occasional  grits.  As  we  pass  north,  however,  they 
become  of  slightly  more  importance,  and  at  Cucklington  form  part 
of  a  somewhat  steep  escarpment.  In  the  neighbourhood  of  Mam- 
hall  and  Stower  Provost  also  grit  beds  of  some  thickness  occur ; 
and  at  the  eastern  entrance  to  the  Gillingham  tunnel  a  good 
section  appears,  which,  as  it  is  the  only  one  in  this  district,  we  give 
y^  descending  order. 
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Section  of  Lower  CortUlian  Beds  in  QiUingham  Cutting. 

ft,  in. 

1.  Brown,  oolitic,  gritty  limfiBtone,   with  Pecten  Uum  ind  EchiMo* 

brissus  scutatus    • 6     O 

2.  Blue  marl   , 2     O 

8.  Ferruginous,  oolitic,  gritty  limestone '. O     6 

4.  Blue  marl,  with  numerous  small  oysters    ; 3     0 

5.  Purple  rubbly  calcareous  grit,  with  fossils.  Bectm  articuiatusl  ...     8     U 

6.  Blue  marl,  with  large  spheroidal  doggen,  with  Oatrea  dilatata, 

Serpula  tricarinatat  Slc , , 12     0 

7.  Blue-black  calcareous  grit  in  two  or  more  solid  blocks,  with  MyC' 

cites  in  a  natural  position  and  covered  by  interlacing  ramose 

hodiw,  Echinobrinus  8c%Uatu$,  &o 2     0 

8«  Dark  blue  sandy  marl,  containing  at  rarious  JeyeU  immense  sphe> 
roidal  doggers  of  calcareous  grit,  and  sometimes  thin  layers 
of  altematmg  sand  and  day.  MyacUa  decurtatus,  Ostrea  soli' 
iaria 18     0 

Tho  stratigraphy,  lifchology,  and  fossils,  all  prove  to  us  where  we 
are  in  tho  series  here,  and  show  how  very  little  caleareoos  grit  is 
to  be  found  among  the  more  argillaoeous  base  of  this  district. 
While  the  top  bed  is  here  oolitic,  and  therefore  belonging  probably 
to  some  portion  of  the  Sturminster  section,  the  lowest  b^  shows 
every  sign  of  continuing  downwcu:^  into  the  Oxford  Clay,  in  which, 
indeed,  there  are  hard  bands,  as  seen  at  the  western  opening  of  the 
tunnel  *;  so  that  we  see  all  that  is  to  be  seen.  We  are  not,  in  this 
district,  too  far  fi*om  the  Weymouth  area  to  prevent  our  comparing 
these  grits  with  the  Nothe  Grits,  which,  it  will  be  remembered, 
were  thinning  out  and  almost  disappearing  to  the  north. 

This  fundamental  divergence  from  the  general  type  of  Corallian 
bods,  viz.  the  absence  of  a  considerable  base  of  calcareous  grit, 
seems  to  have  affected  the  subsequent  deposits ;  for  argillaceous  con- 
ditions made  themselves  largely  felt  during  the  formation  of  the 
lower  oolitic  beds.  Thus",  after  the  production  of  the  overlying  clay, 
wo  find  in  this  district,  not  a  new  series  of  grits,  as  tho  Bencliff  Grita 
in  the  Weymouth  area,  but  a  set  of  oolite  marls  and  pisolites,  which 
in  places,  indeed,  become  entirely  oolitic.  Indeed  the  second 
remarkable  feature  of  the  North-Dorset  district  is  the  enormous 
amount  of  calcareous  matter  it  contains,  which,  when  impure,  is  in 
almost  every  case  mixed  with  clay  and  not  with  sand.  This  would 
indicate  a  remoteness  from  the  source  of  detritus,  and  a  proximity  to 
some  coral  reef,  or  other  organic  formation,  which  has  been  in  this 
case  situated  to  the  west.  We  may  remember  that  in  the  Wey- 
mouth area  the  calcareous  beds  become  thicker  in  that  direction. 

It  is  by  this  idea  that  we  must  interpret  the  succeeding  marls 
and  pisolites  (No.  6).  The  state  of  these  beds  and  their  rough 
though  small  fossils  seem  to  indicate  that  they  are  the  result 
of  irregular  currents  bringing  material  that  had  been  roUed  about 
for  some  time  in  a  calcareous  ooze,  the  origin  probably  of  the 
pisolite,  and  gives  us  an  idea  that  these  North-Dorset  beds  are 

•  The  colouring  of  the  Surrey  Map  is  hereabouts  not  quite  correct, 
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exceptionally  conglomeiatio.  This  portion  of  the  series  may  bo 
traced  along  the  lower  part  of  the  Corallian  range  to  the  south  by 
its  pisolitic  bods,  thongh  the  exposures  are  meagre  in  the  extreme. 
Near  a  farm  called  Canning's  Court,  it  is  associated  with  a  shell- 
heap,  coaiisting  almost  entirely  of  Myacites  decurtatus  and  Natica 
coralUna.  To  the  north  of  Sturminster  these  beds  are  well  deve- 
loped at  Kinton  St.  Mary's,  where  they  show  the  same  sequence. 
They  are  known  to  be  at  the  base  at  Marnhull ;  and  the  pisolite 
BpTKids  out  on  the  surface  at  Stower  Provost,  the  village  square 
being  entirely  upon  it,  presenting  a  very  interesting  appearance. 
Passing  still  northwards,  we  catch  a  glimpse  of  these  again  at  the 
top  of  Gillingham  Cutting,  though  they  are  not  easily  recognized  on 
the  surface.  An  interesting  section,  however,  is  seen  in  a  quarry 
at  CttckHngton,  which  is  valuable,  as  showing  a  certain  amount  of 
persistence  of  the  character  of  the  beds  to  the  extreme  north.  It  is 
t$  follows : — 

Section  at  CucklingUyn, 

ft.  in. 

1.  Bubblj  large-grained  oolite.    Ammonites  pUcatUis,  Pectm  fibroaus. 

Nj/acifes  decurtatus,  Echinobrissiis  8cutaiu8 1    0 

2.  Pisolite,  in  a  large-grained  oolitic  matrix.     Pectm  fibrosus,  E, 

scutatus,  and  fragments  of  small  corals  within  some  of  the  cou- 
oretions 1     8 

3.  Dark  rubbly  oolite,  and  oolitic  marl,  with  scattered  pea-stones. 

A.  plicatiiis,  Turbo,  sp.,  Lima  rigida,  E.  sciUatus,  sponge. 2    4 

4.  BbcK  and  brown  clay    0    8 

6.  SoUd  block  of  blue-hearted  brashy  oolite,  gritty  and  broken    6    0 

11    8 

The  fauna  of  this  series,  as  seen  here  and  at  Sturminster,  is  hard 
to  interpret.  Some  of  the  species,  which  occur  in  beds  of  Rag  at  a 
much  higher  level,  are  doubtless  due  to  physical  conditions ;  but  the 
Pecten  points  to  a  low  position,  not  higher,  and  perhaps  lower  than 
the  "Osmington  Oolites."  Among  the  Echinodertns  the  form 
qaoted  is  very  abundant ;  and  we  remark  the  total  absence  (as  we 
might  expect)  of  Cidarisjloric/emma. 

The  false-bedded  limestones  that  succeed  these  are  of  extreme 
importance  in  this  district.  They  are  doubtless  due  to  the  irregu- 
larity of  the  sea-bottom,  either  by  the  scooping  out  or  non-deposition 
here  and  there  of  the  oolitic  marls  below ;  and  their  angle  of  false 
dip  is  therefore  not  constant,  and  may  be  sometimes  unobservable ; 
l)ut  it  is  always  towards  to  the  east,  indicating  clearly  the 
westerly  source  of  the  deposits.  They  are,  however,  a  more  than 
ttsaally  local  deposit;  for  they  thin  out,  as  has  been  noticed,  a  little 
8.W.  of  Sturminster,  and  are  never  encountered  again,  to  our 
knowledge,  in  that  direction.  Neither  do  they  appear  much  to  the 
north  of  Stower  Provost;  but  they  are  magnificently  developed  in 
the  neighbourhood  of  Marnhull  and  Todbere,  where  they  are  largely 
Worked  for  lime'  and  building-stone.  The  section  seen  in  a  fine 
quarry  at  Todbere,  which  contains  this  and  higher  beds,  is  as 
follows : — 
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Section  of  Oolites  and  ZAmestones  at  TodJl>ere. 

ft.  in. 

1.  Loom,  soft  yellow  oolite  marl,  and  rabbly  thin-bedded  oolite 

limestone,  with  numerous  fossils.  NaticcL,  sp.,  Chfmniteia  ked» 
din^tonetuis,  Ostrea  soliiaria^  Echinobrissus  scutatus S     0 

2.  Oolitic  and  shelly  limestone,  with  soft  marly  partings,  breaking 

into  thin  layers,  foasiliferous.  Echinobrissus  scutatus^  Ammonites 
plicatUis   7     0 

3.  Solid  block  of  blue  limestone,  composed  of  comminuted  sheila,  with 

scattered  oolitic  grains.  It  is  locally  called  **  rag-stone,"  and  is 
used  for  road-men  diug  on  account  of  its  hardness ;  but  it  is  a 
beautiful  building-stone,  and  has  been  extracted  as  such.  The 
fossils  all  obliterated  4     O 

4.  Bubbly  clay  parting  of  insignificant  thickness  here,  but  increasing 

to  1  foot  in  a  quarry  a  little  to  the  wcHt,  where  it  is  full  of  small 
broken  fossils. 

5.  Solid  creamy  fine-grained   oolitic  limestone,  false-bedded,  Tery 

hard,  and  blue  in  the  unweathered  portions,  weathering  light 
yellow.  Joints  filled  with  caldte.  The  best  is  used  for  build- 
ing ;  the  rest  for  lime.     No  distinguishable  fossils 12     O 

6.  Not  seen  here,  but  reported  to  be  hard  blue  marl  with  small 

stones.  Some  of  it,  seen  by  the  road-side,  was  Tery  pisolitic,  and 
contained  many  oysters.    Bjeogyranana 17     0 

The  last  of  these  beds  makes  clear  our  stratLgraphical  horizon ; 
and  in  the  absence  of  fossils,  the  lithology  of  bed  No.  5  may  prove 
its  identity  with  the  false-bedded  series  of  Storminster.  The  higher 
beds  will  be  referred  to  again. 

A  similar  section  to  the  above  is  seen  in  enormous  worked- out 
quarries  a  little  to  the  west,  where  the  false-bedded  series  and  the 
superincumbent  flaggy  oolites  and  marls  form  a  delightful  picture 
to  the  geological  eye,  which  we  have  attempted  to  pourtray  (fig.  3). 

Fig.  3. —  View  of  Section  of  Fahe-hedded  Oolites  near  MamhitU, 


Further  to  the  west,  again,  the  false-bedded  limestones  are  still 
more  largely  exposed  in  a  quarry  with  a  14-feet  face,  now  in  work, 
where  they  are  extremely  uniform  and  smooth,  in  beds  from  1  foot 
to  2  feet  in  thickness,  without  apparent  dip  in  any  direction.  They 
are  beautiful  building-stones,  having  a  fine  grain,  aild  being  free  from 
fossils,  except  a  single  bed  near  the  top,  which  contains  Trigonia 
clavellata,  Chemitzia  Tuddingtonensis,  Nerimga  fasciata,  Pleuromya 
Ullina^   and  Echinobrissus  scutatus.     As  no  false-bedding  is  here 
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leen,  their  identity  might  be  considered  donbtful ;  but  their  aspect' 
and  the  stratigraphical  connexion  with  the  last-described  qnarries 
kaTe  no  doubt  on  tJie  subject,  especially  as  they  are  overlain  close 
by  by  similar  flaggy  oolites,  which  contain  Trigonia  Meriani. 

In  spite,  therefore,  of  their  very  local  nature  and  their  compara- 
tiTe  paucity  of  fauna,  these  false-bedded  limestones  are  of  great  im* 
portance  economically,  and  play  the  same  part  here  that  the  Coralline 
Oolite  does  in  Yorkshire,  with  which  they  may  possibly  agree  in 
age,  though  more  probably  they  are  a  little  older.  We  may  com- 
pare them  also  in  time  perhaps  with  the  Osmington  Oolites. 

The  next  set  of  beds  in  the  ascending  order  at  Sturminster  is  a 
Tery  curious  one.  As  it  planes  off  the  edges  of  the  beds  below  and 
li^  on  their  uneven  surface,  we  may  conclude  that  some  time  elapsed 
between  the  deposition  of  the  two.  The  rubbly  character  of  these 
rocks  and  the  abundance  of  Cidaris  florigemma  and  of  other 
fossils  would  lead  us  to  consider  these  beds  the  equivalent  of  the 
Coral  Eag  of  other  districts,  and,  indeed,  to  have  been  deposited  at 
the  same  time  that  the  coral  reefs  were  in  growth  further  to  the 
west  and  north,  and  to  have  been  derived  from  them,  although  it 
must  be  acknowledged  that  the  list  of  fossils  includes  some  which 
are  usually  only  found  in  older  deposits  than  the  Coral  Rag  proper. 

We  are  not  able  to  trace  this  division  in  its  typical  form  to  any 
distance.  In  the  section  at  Todbere  above  described  it  is  doubtless 
represented  by  the  massive  limestone  No.  3,  though  Cidaris  florid 
gemma  has  not  been  found  in  it ;  but  it  must  be  of  an  extremely 
patdiy  character,  as,  even  at  Marnhull  it  cannot  be  recognized,  and 
Cidaris  florigemma  is  not  to  be  found  in  the  quarries  at  present 
exposed  to  the  south  of  Sturminster,  or,  indeed,  elsewhere  in  this 
district. 

There  are  not  usually  any  limestones  overlying  the  "  Coral  Rag ;" 
and  if  the  rubbly  limestones  of  Sturminster  represent  this,  then  the 
ffoooeeding  upper  calcareous  series  are  a  rather  exceptional  develop- 
ment. In  the  MamhuU  quarries  the  upper  beds,  in  the  form  of  flaggy 
oolites,  as  represented  in  figure  3,  overlying  the  false-bedded  series, 
nndoutedly  represent  them ;  but  beyond  this  neighbourhood  the 
type  is  too  much  altered  to  enable  us  to  trace  them. 

It  has  been  seen  that  we  have  been  unable  to  identify  the  beds 
above  the  pisolites  at  any  distance  from  Sturminster;  but  if  the 
fidse-bedded  series  and  the  rubbly  and  upper  limestones  are  so  local, 
what  has  taken  their  place  ? 

With  regard  to  the  district  south  of  Sturminster,  the  few  open- 
ings all  expose  limestones  whose  approximate  age  can  only  be 
determined  by  their  fossils.  At  Mappowder  is  a  quarry  in  rubbly 
sbdl-limestone,  in  which  the  fossils  consist  of  abundance  of  Trigonia 
davettaia,  also  Chemnitzia  heddingUmensis^  Modiola  varians^  Ludna 
aliena,  and,  most  astonishing,  BhynchoneUa  Thurmanni,  a  fossil  un- 
known elsewhere  at  so  high  a  horizon..  A  more  fossiliferous  quarry 
may  be  seen  at  GlanviUes  Wootton,  composed  of  hard  blue  finely 
oolitic  ragstone,  containing  shell-layers,  and  graduating  into  pure 
shell-limestone.    The  fossils  here  are  Trigonia  claveUata  (abundant), 
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A$tarU  polymorpha^  Lucina  aliemi,  Modiola  varians^  MytUus  pe^ti^ 
natus^  Ferna  mytihidis^  Pholadomya  csquaUs,  Pedeni  quaiicosta, 
Ostrea  gregaria  (abundant),  Exogyra  nana,  Chemniizia  Jiedding- 
tonensis,  and  Nerita  minuta.  The  mixed  character  *of  this  fauna 
shows  that  where  the  conditions  remained  constant  no  satisfactory 
divisions  can  be  made  out,  but  that  tho  whole  must  be  taken  a^ 
equivalent  to  the  period  which  elsewhere  developed  the  false- 
bedded  series  to  the  upper  limestone  inclusive. 

With  regard  to  the  north  beyond  GiUingham,  the  Stunainster 
section  seems  to  be  little  guide  above  the  pisolites ;  for  thou^  tbcre 
IB  here  a  considerable  amount  of  limestone,  which  from  its  nearly 
horizontal  lie  covers  much  of  the  country,  it  cannot  be  identified 
either  with  the  false-bedded  or  the  rubbly  series.  We  have  here 
probably  a  distinct  area  of  deposition,  in  which  again  calcareous 
conditions  largely  prevailed,  though  not  developing  beds  of  the  same 
character  in  points  of  detail  as  those  at  Sturminster.  The  openings 
made  for  the  extraction  of  roadstone  in  this  district  are  very  shallow, 
and  they  exhibit  rocks  of  the  same  character  for  some  distance  across 
the  strike. 

The  lower  portion,  which  is  probably  not  much  above  the  pisolites 
of  Cucklington,  may  be  illustrated  by  a  quarry  at  Laugham. 

Section  at  Langham, 

ft  in. 

1.  Bubbly  grit,  with  Ammoniies  cordatus^  Belemnites  abbremafu^ 

Pema  quadrafa   1     0 

2.  White  oolitio  marl  with  abundance  of  iVa^tca  <?/to 2    0 

3.  Hard  gritty  limestone,  used  for  roadstone,  broken  and  irregular  at 

the  top,  with  Ammonites,  sp.  {SchiUi),  Phasianella  stria  fa,  Chem- 
niizia heddingtonensisy  Trigonia,  clavellate  sp.,  Gervillia  avicu- 
loideSf  Pema  quitdrafa,  Modiola    3    0 

The  Cephalopoda  here  are  quite  strange  to  the  district,  but  else- 
where belong  generally  to  low  horizons.  The  characteristic  fossik 
are  the  NaUca^  Oervillia,  and  Perna ;  these  are  in  great  abundance, 
and  together  point  to  a  time  certainly  previous  to  the  Trigania-hGda 
pf  Weymouth  or  the  rubbly  limestone  of  Sturminster. 

The  upper  portion  of  the  Corallian  beds  in  this  part  of  the  country 
may  be  studied  in  similar  openings  further  to  the  cast,  on  the  west 
side  of  the  river  Stour,  near  Preston.  We  hero  see  some  12  feet  of 
sandy  oolites  weathering  in  flaggy  beds,  but  with  a  tendency  to  ran, 
as  it  were,  into  large  doggers.  The  character  of  the  stone  is  not 
unlike  that  of  the  flne-grained  Osmington  oolites.  It  is  remarkable 
as  containing  .a  vast  number  of  short  fragments  of  narrow  alga), 
evidently  floated  from  a  distance.  The  brown  marks  made  by  tluese 
on  the  white  stone  render  it  very  conspicuous.  With  this  excep- 
tion the  stone  is  not  very  fossiHferous,  but  contains  a  clavellate 
Trigonia,  Perna  quudrata^  Gervillia  aviculoides,  Chemnitzia^  sp., 
Echinohrissus  scutatits,  and  Krogyra  nana.  These  fossils  link  tlie 
rocks  containing  them  to  the  series  just  described  to  the  west. 
These  rocks,  however,  are  overlain  by  still  more  noteworthy  ones, 
consisting  of  what  may  almost  be  called  shell-beds,  so  numerous  are 
the  fossils.   Where  these  are  small  the  matrix  is  still  a  sandy  oolite ; 
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but  where  they  axe  large  the  calcareous  matter  renders  it  more  com- 
paoi.  Among  these  shell-masses  are  hero  and  there  masses  of  coral^ 
the  only  ones  found  iu  situ  in  this  district.  The  commonest  is  a 
•peciee  of  Stylirui,  in  musses  ahout  six  inches  in  diameter;  and 
there  are  also  portions  of  Thamnastrcea,  The  shells  are  Cerithium 
iHurieatmHj  C.  Pellati  (De  Lor.),  AcUotuna  miliola,  Nerita  minuta^ 
Natica  dio^  Astarte  polymorpJia,  Gastroehana  Mrinata^  Trigonia 
(davellate),  TanerediajplancUa^PecUn  qualicosta,  P,  lem^  and  probably 
many  more.  Although  this  can  scarcely  be  called  a  ^^  coral  rag,"  it 
ia  the  nearest  approach  to  it  that  we  have  yet  seen ;  but  the  cha- 
racter of  the  fauna  leads  us  to  the  belief  that  it  is  probably  older 
than  the  Coral  Rag  of  the  period  of  Cidaris  Jlorigemma^  though  pos- 
sibly not  far  removed  in  age  from  the  Ti'igonia-heds  of  Weymouth. 
The  uppermost  beds  throughout  this  neighbourhood  arc  similar 
shell-bedB^  with  the  fossils  included  in  the  above  two  lists,  with  the 
addition  of  AmmoniUs  plica  tills  and  Cucull4xa  coraUina^  associated, 
whore  the  group  is  cut  off  by  a  fault  to  the  north,  with  thick  beds 
of  blue  calcareous  grit. 

Such  are  the  calcareous  beds  of  this  district.  Of  the  overlying 
sands  and  grits,  the  glimpses  are  few  and  far  between.  We  nave 
found  no  exposures  of  them  between  the  oolites  and  the  Kimmeridge 
Clay,  except  at  the  spot  mentioned  and  from  Gillingham  northwards. 
Their  intermediate  position  and  their  fossils  at  Sturminster  mark  them 
plainly  as  comparable  with  the  Sandsfoot  series,  proving  that 
towards  the  end  of  the  period,  if  not  before,  there  was  some 
community  between  the  two  areas.  A  representative  of  these 
sands  and  days  to  the  north  of  Gillingham  is  generally  seen  as  a 
comparatively  thin  covering  of  ferruginous  semi-earthy  material  mer- 
ging gradually  into  the  quaternary  soil,  and  lying  on  the  waterwom 
edges  and  in  the  cracks  of  the  sandy  oolites  and  shell-beds,  showing 
a  ^tinct  interval  of  time  between  them,  and  incidentally  proving 
the  early  age  of  the  former.  In  some  places,  however,  this  material 
is  itself  a  remanie  deposit,  having  fragments  of  rolled  oolitic  iron- 
stone interspersed  in  layers  in  the  clay.  The  contained  fossils  are 
PhasianeUa  Coquandi,  BeUmniUs  nitidus^  Exogyra  nana. 

Comparing  this  district  generally  with  the  Weymouth  area,  we 
find  similarities  and  differences.  They  are  similar  by  the  great 
variety  of  calcareous  beds  intervening  between  the  sandy  series 
above  and  below,  by  the  reduction  of  corals  to  a  yiinimum  and  the 
substitution  of  rubbly  beds,  also  by  the  presence  of  false-bedded 
limestones.  They  differ  by  the  former  containing  a  much  smaller 
development  >of  arenaceous  material,  by  the  abundance  of  pisolite, 
and  by  the  general  massiveness  of  the  middle  beds. 

in.  The  North- Wiltshire,  Berkshire,  and  Oxfordshire  IIakoe. 

The  area  of  Corallian  rocks  on  which  we  now  enter,  though  con- 
tinuous by  some  part  of  the  series  from  one  end  to  the  other,  is  so 
long  and  narrow,  and  presents  so  many  minor  areas  that  have 
distinctive  characters,  that  we  cannot  treat  it  as  a  whole  as  we 
^^  done  the  two  former  districts,  but  must  divide  it  into  sections 
geologically  connected.     Among  these  are  included: — the  classic 
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grounds  in  which  Mr.  Smith,  and  others  hefore  him,  have  worked, 
and  where  first  the  name  ^^ Coral  Rag"  was  applied;  others,  which 
have  heen  admirably  illustrated  by  Mr.  Wm.  Lonsdale,  in  the 
^Transactions'  of  this  Society,  2nd  series,  vol.  iii.  pt.  2;  others 
again,  on  which  the  officers  of  the  Geological  Survey  have  written* ; 
and  others  that  have  come  under  the  study  of  the  geologists  of 
Oxford,  among  whom  must  be  particularly  mentioned  Mr.  Whit- 
eaves,  who  gave  a  list  of  all  the  fossib  found  by  him  in  these 
rocks  t,  and  Prof.  Phillips  t)  who  added  various  particulars  and 
comparisons.  By  all  these  we  have  profited,  especially  by  Mr.  Xx>ns- 
dale's  work ;  but  our  studies  in  the  field  have  thrown  much  farther 
light  even  on  this  area  than  we  had  previously  been  able  to  obtain. 
Our  separate  sections  commence  with, 

1.  The  Wbstbukt  District. 

The  chief  interest  of  the  Corallian  beds  in  this  neighbourhood  un- 
doubtedly centres  in  the  iron-ore,  which,  at  the  time  of  our  visit, 
was  being  energetically  worked.  The  large  excavations  on  either 
side  of  the  railway-station  afford  excellent  sections  for  study.  The 
deposit  appears  to  be  of  very  limited  extent,  occup3riDg  a  narrow 
strip  of  ground  running  nearly  north  and  south ;  although  its  actual 
boundaries  have  not  been  traced,  it  is  stated  to  terminate  in  both 
these  directions  at  a  very  short  distance  from  the  extreme  workings, 
which  are  not  more  than  half  a  mile  apart.  To  the  west  it  crops 
out;  and  to  the  east  it  dips  beneath  the  Eimmeridge  Clay.  How  far 
it  may  extend  beneath  the  surface  in  that  direction  is  not  known. 
A  well  sunk  about  halfway  between  the  town  and  the  railway- 
station,  after  passing  through  about  50  feet  of  Ximmeridge  Clay, 
showed  that  the  ore  had  diminished  to  a  thickness  of  2  feet.  When 
last  seen  it  is  under  the  infiuence  of  a  local  rise;  but  its  general  dip 
is  from  3^  to  4^  to  the  east.  A  fresh-cut  surface  in  a  working  north 
of  the  railway  gave  the  following : — 

Section  of  the  Westbury  Ironstone. 

Baring :  —  ft  in. 

Soil  and  top  clay    3  0 

Sand  and  marl  in  pockets  (quaternary?)   0  6 

StilF  unstratified  clay  (redeposifced  Kimmeridge^ 6  0 

Mixture  of  ferruginous  sandy  day  and  iron  oohte   1  0 

Ore :—  9    G 

1.  Dark  earthy  friable  stone,  rather  oolitic:  contains  a  band  of 

hard  blue  shelly  rook 2    0 

2.  Dark  green  blocks  of  earthy  and  oolitic  stone  |,  in  layers  from  6  in. 

to  9  in.  thick,  with  much  ferric  hydrate  along  the  joints  and 

lines  of  bedding; 7  0 

3.  Band  of  oxidized  stone    0  3 

4.  Dark  oolitic  stone  to  floor  of  working    4  0 

13    3 

»  Explan.  of  Sheets  13  A  34.    t  Ann.  Nat.  Hist.  1861,  ser.  3,  toL  Tiii  p.  142. 


I  Geology  of  Oxford. 


In  the  Jermyn  street  Museum  are  specimens  of  theee  ores  with  analysis 
attached,  showing  42  per  cent,  of  iron  in  the  b^wn  portions  and  37|  in  the 
green. 


Digitized  by  VjOOQIC 


THB  CORALLIAlff  SOCKS  OF  XNOLAKD.  285 

No.  1  here  containB  enormooB  quantities  of  Ostrea  deUoidea.  In 
different  parts  of  the  workings  there  are  several  blue  shelly  hands, 
which  contain  most  of  the  fossils,  especially  Ammonites,  which  are 
Teiy  nnmerous.  These  shelly  bands  being  of  inferior  quality  as  ore, 
ire  rejected,  and  masses  of  the  deltoid  oysters  are  thrown  out  in 
heaps. 

Nos.  2,  3,  4.  The  ore  varies  from  11-14  feet  in  thickness,  being 
g^erally  thickest  towards  the  west.  It  may  be  termed  an  oolitic 
ironstone  more  or  less  mixed  up  with  black  argillaceous  ore.  It  is 
almost  free  from  grit,  and  exists  partly  as  ferrous  carbonate  and 
partly  as  hydrated  peroxide ;  but  the  condition  of  oxidation  varies 
according  to  the  amount  of  day  which  happens  to  be  over  the  beds. 
In  the  oolitic  portions  of  the  stone  oxidation  has  progressed  to  a 
greater  extent  than  in  the  black  earthy  portions,  which  are  almost 
in  the  condition  of  clay  ironstone.  The  chief  difference  between 
this  and  the  granules  of  Abbotsbury  consists  in  the  greater  abun> 
dance  of  phosphoric  acid. 

The  fossils  that  we  noted  in  the  ironstone  beds,  though  probably 
not  by  any  means  their  whole  fauna,  were : — 


Ammonites  Benyeri  (Xm.). 

decipieiii  (Sow.), 

pseudocordatiisr^/.  fK). 

Gardiam  delibatum  (x^  £or.), 
Pholadomya  hmnicudia  {Ag,). 
Pema  quadrata  {Sow,), 


Peoten  lens  (Sow,). 

imdaB(D*Orb.), 

distriatus  (Lwm.), 

Ostrea  deltoidea  (Sow,). 
Serpula. 


T\ns  list,  scanty  though  it  be,  serves  conclusively  to  prove  the 
late  and  essentially  Eimmeridgian  date  of  the  rock  from  which  the 
fossils  are  derived.  The  Sandsfoofc  g^ts  are  also  essentially  Eim- 
meridgian ;  and  this  is  linked  to  them  very  markedly  by  these  fossils, 
especially  by  Pecten  distriatus ;  but  as  the  Ammonites  point  to  a  still 
later  period,  we  are  almost  driven  to  correlate  them  with  the  oolitic 
ore  of  Abbotsbury. 

The  iron  ore  of  Westbury  is  underlain  by  (5)  dark  green  ferru- 
ginous sand,  becoming  lighter  and  softer  towards  the  base,  but  with 
much  argillaceous  matter  throughout,  said  to  be  destitute  of 
fossils,  and  having  a  thickness  of  from  4  to  7  feet.  The  descending 
section  was  continued  in  a  well-sinking,  particulars  of  which  were 
kindly  fumished  us  by  the  manager,  as  follows  : — 

ft. 

6.  Oolitic  limestone,  compact  where  miezposed,  weathering  rubbly  ...    28 

7.  Stiff  marl  12 

8.  Loose  sands,  containing  four  or  Are  beds  of  rocks  about  1  ft.  thick 

each 60 

llie  well  left  off  in  dark  hard  rock,  from  which  the  water  flowed 
abundantly. 

The  only  one  of  these  beds  that  is  exfKwed  in  the  neighbourhood 
is  the  rubbly  oolite,  whose  fossils  are  in  a  rubbed  and  broken  state, 
the  only  recognizable  ones  being  Ptcten  quaHcosta^  Echinohrissus  scu-- 
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<^u«,  ^nes  of  Oidmrie  (not Jlatigemma),  and  small  fragments  of  (XH^als. 
This,  then,  does  not  appear  to  be  of  the  age  of  the  tme  C<md  Rag 
characterized  by  the  last-mentioned  urchin,  but  is  perhaps  i^der ; 
the  underlying  beds,  however,  agree  in  description  with  those  of  the 
nearest  point  of  possiUe  comparison,  Calne,  in  which  No*  7  would 
well  represent  the  oolite  day  or  marl,  and  No.  8  the  Lower  Calcare- 
ous Grit,  which  thus  appears  in  somewhat  of  its  usual  thicknesB  and 
importance. 

2.  Stbbplb  Ashton. 

The  succession  of  the  beds  in  this  renowned  locality  has  been  in^ 
dicated  by  Lonsdale  in  the  paper  already  referred  to ;  and  he  socmd 
to  have  had  superior  opportunities  to  those  which  are  now  available. 
We  were  exceedingly  anxious  to  ascertain  the  true  stratigraphical 
position  of  the  celebrated  coral-bearing  beds,  about  which  our  infor- 
mation was,  after  all,  but  scanty ;  but  so  little  opportunity  does  the 
neighbourhood  afford  for  their  study  that  we  tcannot  persuade  our- 
selves that  we  have  arrived  at  our  conclusions  on  thoroughly- 
satisfactory  grounds. 

Lonsdale  describes  the  Upper  Calcareous  Grit  as  occurring 
here,  and  consisting  of  an  upper  10  feet  of  sand  and  a  lower  10 
feet  of  ferrugilious  clay.  Of  this  there  is  no  present  ejtposure ; 
but  the  high  ground  round  the  village  church  is  highly  charged 
with  red  oxide  of  iron ;  and  pits  are  said  to  have  been  dug  here  for 
ore. 

The  same  author  divides  his  "coral  rag"  into  (a)  freestone^ 
(/?)  rubbly  oolite,  (y)  irregular  beds  of  Polyparia,  and  states  that 
the  two  latter  occur  near  Steeple  Ashton,  placing  tiie  coral-beds 
hehw  the  rubbly  oolite.  This  would  be  contrary  to  our  usual  ex- 
perience elsewhere  ;  and  though  the  position  of  the  beds  must,  nu^ 
fortunately  be  settled  entirely  by  surface  indications^  as  there  »e 
no  illustrative  sections,  we  think  that  these  prove  that  the  cor&l^ 
bearing  beds  lie  above  the  rubbly  oolite. 

The  numerous  corals  that  have  been  obtained  from  this  locality 
appear  to  have  been  all  collected  from  the  surface  of  the  ploughed 
fields,  we  might  almost  say  field,  so  very  local  is  the  area  whe^ 
they  are  found ;  and  we  could  not  hear  of  any  excavation  having 
been  made  in  which  they  had  been  seen  in  iitu.  The  field  froA 
which  they  chiefly  come  is  situated  on  the  north  side  of  a  road  tbait 
turns  off  to  the  S.E.  from  the  high  road  between  Steeple  Ashton 
and  Bratton  ;  and  the  area  of  their  occurrence  seems  to  be  a  narrow 
band  running  E»  and  W.  This  field,  whose  every  stone  is  still  a 
coral,  though  the  best  have  long  since  been  removed,  slopes  on  one 
side  to  the  S.E. ;  and  at  the  bottom  of  the  slope,  which  is  rather 
rapid,  is  an  old  pit  now  filled  up,  but  with  numerous  fragments  of 
rubbly  oolite  about.  The  coral-bed  is  here  in  such  a  position  that 
to  bring  it  below  the  oolite  would  require  an  amount  of  dip  for 
which  we  have  no  evidence  at  all,  as  the  corals  occupy  the  whole  of 
the  higher  surface  of  the  field,  where,  indeed,  they  seem  to  be  growing 
above  the  oolites,  as  is  usually  the  case.    They  are  also  coloured 
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red,  wliidi  may  moet  probably  be  due  to  their  Having  becil  covered 
by  the  ferruginous  clays. 

Tracing  the  coral-beds  to  the  S.W.  no  more  can  be  seen  of  them ; 
but  when  we  reach  East  Ashton  in  that  direction,  and  run  a  traverse 
from  a  pit  of  mbbly  oolite,  seen  near  that  .village,  to  the  outcrop  of 
the  Eimmeridge  clay,  we  find  abundant  surface  indications  between 
the  two  at  "  Broad  Mead,"  not,  indeed,  of  a  coral  reef,  but  of  a 
shell-bank,  in  which  one,  at  least,  of  the  corals,  TheeosmUia 
annularis,  occurs,  the  matrix  of  the  shells  being  a  red-coated 
calcareoufl  grit,  recalling  much  of  the  appearance  of  the  corals 
themselves.  This  We  consider  the  continuation  of  the  coral  reef 
under  a  changed  aspect.  Such  a  phenomenon  we  might  expect, 
and  find  too,  repeatedly,  elsewhere.  The  fossils  obtained  fiwn  this 
field  by  a  local  geologist  include : — 


Anmonitee  plicatiliB  (Sow.), 
Katica  oorallioa  (Dam.). 
Trigonia  claTellata  {8ow.\  Tar. 


Perna  m^iloides  (Lam.). 
Lima  elliptica  (  nhit.), 
Pecten  intertextuB  {Horn.), 


Cidaris  florigemma  does  not  appear  to  occur  here ;  and  it  is 
ftbscDt  from  the  whole  neighbourhood  south  of  Seend.  The  other 
fossils  indicate  a  rather  early  date  for  this  reef — though,  if  two 
other  fossils,  BhynchoneUa  corallina  and  Terebratula  suhsella,  aro 
rightly  determined,  later  beds  must  be  present  here  also. 

The  rubbly  oolite,  of  which  more  than  12  feet  are  seen  in  a  lime-pit 
on  the-  higli  road  leading  south  from  the  village,  is  a  succession 
of  marly  pisolites  and  harder  beds  of  similar  but  more  compact 
materiaL  The  fossils  are  all  worn,  and  covered  with  a  coating  of 
calcareous  matter.  They  include  Chemnitzta  heddingtonensis^  Opu 
Phxllijpsi^  Pecten  qualicosta,  a  clavellate  Trigonia^  Ostrea  gregarin^ 
and  Exogyra  nana.  The  false-bedding  of  these  rocks  is  very  re- 
markable :  the  false  dip  of  the  lower  8  feet  is  to  the  north-east,  at 
Ml  angle  of  12°.  These  are  planed  off,  and  a  scries  of  thinner  fklse 
beds  cover  them,  which  dip  in  a  direction  at  right  angles  to  the 
fet  at  an  angle  of  4^.  The  lower  beds  of  calcareous  grit  may  be 
seen  in  the  road-sides  to  the  west  of  East  Ashton,  but  present  no 
points  of  interest. 

These  two  districts,  Westbury  and  Steeple  Ashton,  though  inter- 
twisting, each  for  their  only  particular  products,  show  a  very  meagre 
^ievclopmcnt  of  Corallian  beds  as  a  whole ;  but  their  area  is  sepa- 
J^ted  from  the  main  range  by  a  narrow  band,  in  which  only  the 
Wer  beds  occur,  as  is  seen  at  Seend.  Here  a  fine  section,  well 
described  by  Lonsdale,  has  long  been  exposed,  where  the  furnaces 
for  the  Neocomian  iron-ore  stand.  It  is  entirely  in  the  Lower 
Calcareous  Grit,  of  which  25  feet  are  seen,  and  more  is  indicated  in 
the  neighbourhood.  This  part  of  the  series  is  here  exceptionally 
fossiliferous,  the  greater  number  of  fossils  coming  from  a  shell-batod 
near  the  top ;  but  Ammonites  eordatus  and  OerviUia  aviculoide^ 
characterize  the  lower  portion.     Our  list  from  the  shell-band  is  : — 
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Nautilus  hexagonuB  (Sow,). 
Pleorotouiaria  Manateri  (Rom,), 
Turbo  Meriani  {Gold/.). 
Oerithium  muricatum  {8ow,\  Tar. 
Trigonia,  sp.  (cf.  Bronnii,  Ag.). 
Opis  PhiUipsi  {Mot,), 
Astarte  depressa  {GMf.), 
Lucina  circumdsa  {ZU.  j-  G.), 
Area  lemula  (PA.). 


Sowerbja  triangularis  {Ph.). 
Modiola  subsquiplicata  {GM/.y 
ATicula  OTalis  (PX. ). 

inKquiyalTis  {Sow.), 

LiinaeUiptica(>F%i^.). 
Pecten  lens  {Saw.). 

subtextoriufl  {Gold/.). 

fibrosus  {Sow.). 

Exogjra  nana  (P^O- 


A  very  remarkable  list,  if  rightly  determined,  showing,  as  it  do 
several  forms  unknown  elsewhere,  the  whole  pointing  to  the  npj 
part  of  the  Oxfordian  portion  of  the  series. 

3.  The  Calne  Distbict. 

For  some  miles  north  of  this  section  at  Seend  the  Corallian  ser 
is  chiefly  represented  by  beds  on  the  same  horizon ;  but  at  We 
brook  we  enter  upon  the  area  in  which  the  formation  was  fii 
studied,  and  where  the  names  originally  applied  are  indeed  e 
tremely  appropriate,  but  which  must  be  considered  in  reali 
exceptional  with  reference  to  the  whole  of  England,  in  being  gen 
rally  deficient  in  the  numerous  deposits  which  intervene  betwe 
the  early  arenaceous  series  and  the  Coral  Bag  with  Cldaris  Jloi 
gemma.  So  great  is  the  interval  thus  represented,  as  indicated 
us  by  the  g^at  masses  of  oolite  in  the  regions  already  described 
the  south,  and  the  still  more  important  ones  developed  in  the  nort 
that  we  are  inclined  to  say  of  a  bed  of  Coral  Bag  resting  on  Low 
Calcareous  Grit  that  it  may  be  of  any  age,  especially  if  it  be  n 
covered  by  any  upper  arenaceous  or  ferruginous  series.  Leamin 
indeed,  from  other  localities,  the  enormous  lapse  of  time  between  tl 
formation  of  the  Lower  Calcareous  Grit,  indicated  by  its  ordina 
fossils,  and  the  Kimmeridge  clay,  we  must  look  upon  any  small  coi 
growth  that  rests  upon  the  former  as  representing  but  a  very  smt 
portion  of  it,  the  date  depending  on  the  occurrence  of  the  phpic 
conditions  to  which  such  growtiis  are  subject.  We  cannot  speak 
iJu  Coral  Eag ;  for  a  Coral  Rag  may  be  of  very  various  ages.  Tht 
at  Westbrook,  we  have  a  fine  coral  reef,  the  first  in  our  jounn 
northwards  that  we  have  been  able  to  examine  in  situ.  Layer  up< 
layer  of  large  masses  of  Thamnastraa  concinna  and  Isastrc&a  eayph. 
nata,  bored  by  the  characteristic  Liihodomus  indusns,  and  changed  n 
seldom  into  crystalline  limestone,  in  which  the  organic  structure 
no  longer  visible,  here  spreads  over  the  surface,  resting  inunediatel 
upon  a  bed  of  sand,  which  is  itself  not  far  removed  in  elevatic 
from  the  Oxford  day.  The  spaces  between  the  coral  growths  a; 
filled  with  a  rubbly  brash,  made  up  of  comminuted  materials,  ac 
sometimes  with  clay  charged  with  fragments  of  shells.  These  inte: 
coralline  accumulations  obtain  the  mastery  here  and  there ;  cora 
disappear,  and  we  have  great  rubbly  beds  of  shelly  clay  and  lim< 
fitoie  brash  forming  the  whole  reef.  This  is  what  we  migl 
expect,  and  have  often  to  infer;  but  it  may  hero  be  seen  and  prove( 
In  the  intercoralline  beds  the  chief  recognizable  fossils,  wluch  a] 
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in  infinite  numbers,  are  Ostrea  ffregaria,  Lima  densepunctata,  L. 
peetiniformis ;  and  amidst  the  ooral  growth  we  find  LUtorina  muri" 
cold,  Opis  PhUlipsi,  QastrochcBna  recondita^  PeeUn  Jens,  P.  sttbtex- 
tortus^  Exoffyra  nana^  Cidaris  Smithii,  Pseudodiadema  versipora. 
This  reef,  Qie  absence  of  Cidaris  florigemma  from  which  is  a  most 
noteworthy  circumstance,  is  the  only  representative  on  this  side  of 
Cdne  of  all  the  beds  elsewhere  seen  above  the  Lower  Calcareous  Grit : 
and  in  spite  of  the  agreement  of  its  coral  fauna  with  that  associated 
with  Cidaris  florigemma,  its  molluscs  and  echinoderms  point,  in  our 
opinion,  to  an  early  age,  not  far  removed  from  that  of  the  calcareous 
grit  on  which  it  rests.  We  r^ard  this  therefore  as  an  interesting 
example  of  an  earlier-formed  reef  than  usual,  such  as  we  find,  though 
not  commonly,  in  Yorkshire  and  elsewhere. 

In  approaching  Calne  we  come  to  the  locality  of  the  chief  section 
given  by  Lonsdale,  which  has  been  of  great  use  to  us,  and  which  we 
are  able  to  confirm,  though  it  seems  to  us  that  there  is  still  some- 
thing to  be  said  about  this  neighbourhood. 

The  sandy  beds  at  the  base,  like  those  forming  a  modem  sand- 
bank, such  as  was  here  formed  towards  the  dose  of  the  Oxfordian 
pniod,  thicken  rapidly  and  as  rapidly  die  away,  so  that  in  Bowood 
Park  and  to  the  north  they  occupy  square  miles  of  country,  but  six 
miles  from  Calne  they  have  become  so  thin  as  to  be  only  recognizable 
as  a  single  bed. 

The  characters  of  these  beds  where  best  developed  in  this  district 
may  be  studied  in  the  railway-cutting,  in  a  quarry  near  Conygre 
Farm,  and  in  another  near  the  Bremhill  and  Btudley  road ;  from 
these  combined  we  obtain  the  following 

Section  of  the  Lower  Calcareous  Orii  near  Calne^  in  descending  order, 

ft.  in. 

1.  Bubbly  calcareous  grit  with  numerous  shell-fragments ;  among 

than  Ceronwa  minima,  Pecten  fil»ro9us,08trea  aolitaria   2    0 

This  is  still  more  rubblj  in  the  Conygre  Quarry. 

2.  Bock  of  similar  structure,  but  more  arenaceous,  and  running 

into  beds 1     3 

3.  Loosesand    2    0 

4.  Solid  block  of  calcareous  grit 1    0 

6.  Loowsand    7    0 

The  above  clesoription  and  thicknesses  are  derived  from  the 
section  in  the  railway-cutting ;  but  in  the  Conym  Quarry 
they  are  more  irregular  and  of  smaller  total  thickness 
(al>out  9  ft.).  The  hardened  bands  are  irr^ular  in  their 
position ;  and  the  whole  deposit,  though  not  exactly  fSeilse- 
bedded,  was  eTidently  formed  in  disturbed  or  moving 
waters. 

6l  Solid  block  of  blue-hearted  calcareous  grit  of  very  compact 
structure,  sometimes  in  two  bands,  and  showing  branched 
foooid  forms  on  weathering 3    0 

7.  Loose  sand  of  a  dark  colour,  and  apparently  graduating  in  the 

railway-cutting  into  true  Oxford  Clay ;  but  in  the  Bremhill- 
road  Quarry  showing  more  beds  of  grit,  which  are  very 
variable,  and  with  scarcely  any  fossib  9    0 
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The  whole  thickness  thus  descrihed  amonnts  to  little  more  tht 
25  feet,  which  would  not  appear  to  ho  so  much  as  it  attains  in  tl 
direction  of  the  outcrop,  but  is  nearly  the  whole  where  seen,  tl 
rubbly  nature  of  the  upper  beds  pointing  to  a  change  in  charact 
coming  on  above.  The  form  thus  exposed  is  not  unlike  the  genci 
development  throughout  this  range.  The  fossils  of  these  qnarri 
come  chiefly  from  the  upper  beds,  Nos.  2  and  4,  OervUlia  avicidaid 
being  left  almost  alone  in  No.  7.     They  are : — 


Ammonites  cordatua  (Sow.). 

perarmatus  (Sow.),  var, 

OeritUium  muricatum  (Sow.\  var. 
Qervillia  aviculoides  {Soto.). 
Pholadoraya  concinna  (A^.), 
Pecten  fibrosus  (Sow.). 


Pecten  Ions  (Sow,), 
Ostreji  CTegaria  (Sow.)» 

dil&tata  (Sow.), 

Exogyra  nana  (Ph.). 
Serpula  tricarinata  (5bw.). 


which  is  very  much  what  we  might  expect,  though  not  a  very  ri< 
list.  The  nature  of  the  Lower  Calcareous  Grit,  as  it  runs  on  to  tl 
north,  will  be  seen  in  the  sections  we  shall  give  subsequently  wii 
reference  to  the  higher  beds. 

Overlying  the  sand  and  grit  in  the  neighbourhood  is  an  xinte8t4 
thickness  of  marly  clay,  as  stated  by  Lonsdale ;  but  very  little  can  1 
seen  of  it.  In  a  well  close  by  the  great  quarries,  near  the  Unic 
Workhouse,  after  passing  through  20  feet  of  blue  oolitic  rock,  10  fe 
of  this  was  sunk  into  ;  it  consists  of  light  hard  marl  with  indurate 
lumps  surrounding  ill-preserved  shells  such  as  Natica^  Alariay  ai] 
Lima,  It  may  also  be  seen  underlying  Coral  Rag,  on  the  west  i 
Pisher's  Brook,  a  stream  running  parallel  to  and  west  of  the  Woottoi 
Bassctt  road.  This  marl  alone  represents  the  great  intervenin 
deposits  of  other  localities,  and  is  quite  an  exceptional  developmei 
at  that  period,  though  not  absolutely  unique.  It  recalls  the  mar 
and  marly  pisolites  which  constitute  so  much  of  the  Corallian  bee 
of  the  North-Dorset  district. 

The  most  interesting  portion  of  the  Corallian  beds,  however,  i 
this  neighbourhood  is  the  uppermost.  Proved  by  stratigraphy  an 
by  fossU  contents  to  be  of  the  same  age,  there  is  a  marvelloi: 
^liriety  of  rocks  whoso  lithological  characters  have  scarcely  any  thin 
in  common.  First  there  is  the  true  Coral  Rag,  formed  of  grei 
masses  of  Thamnastrcea,  with  intervening  brash  ;  this  may  be  trace 
up  to  the  Kimmcridge  Clay,  all  round  the  stream  that  runs  dow 
from  Quemerford,  where  it  presents  its  usual  well-known  charactei 
and  fossils,  and  of  which  we  need  say  no  more.  Traced  towards  th 
town  we  see  beds  of  large-grained  oolite  becoming  mixed  with  il 
sometimes  above  and  sometimes  below  the  Rag,  but  always,  like  ii 
containing  Cidaris  florigemma ;  and  thus  we  are  led  on  to  th 
second  form,  which  is  seen  in  the  great  freestone  quarries  at  tb 
Union. 

These  exhibit  a  face  of  25  feet,  made  up  of  beds  about  1  fo( 
to  2  feet  in  thickness,  of  more  or  less  perfectly  false-bedded  oolit( 
tlie  dip  of  the  false-bedding  being  towards  the  N.E.  In  some  pari 
the  oolitie  structure  is  little  marked,  the  layers  are  more  consol 
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dated,  and  split  into  blocks  with  ease.  It  is  on  the  surface  of  such 
blocks  that  the  majority  of  the  fossils  are  found.  The  Hemicidarids 
and  other  urchins^  for  which  the  locality  is  celebrated,  lie  in  g^reat 
profusion  on  the  surface  of  some  of  the  lower  beds,  where  they  are 
protected  by  the  intervening  brash.  The  circumstances  of  the  de- 
potntion  of  these  rocks  are  not  unlike  those  which  formed  the  false- 
bedded  series  of  the  North-Dorset  district ;  but  the  fossils  point  to 
a  later  age — namely,  that  these  Calne  oolites  are  contemporaneous 
and  alternate  with  the  true  Coral  Rag  with  Cidaris  Jlorigemma, 
which  they  contain  in  abundance,  associated  with  a  tolerably  rich 
fauna,  in  which  the  absence  of  Corab  and  the  abundance  of  Gas- 
teropods  may  be  noted,  viz. : — 


Phaaianella  BaTignieri  (!>'  Ork), 
Chemuitzia  corallina  (D'Orb.). 
Idttorina  pulch<»iTima  (Doll/.). 
Turbo  fumculatus  (Ph.). 
Gerithium  linueforme  (£am.). 

Humbertinum  (nuv.). 

muricatum  (Sow.). 

Troefaoioma  tomata  (Ph.). 
Mjtilos  pectinatiu  (Sow.). 

an^ilatufl  (Y.  ^B.)  (smaU). 

lama  rigida  (Saw.). 


Lima  subantiqoata  (Rim.), 
Fecien  lens  (SowX 

qualicosta  (Et.). 

Btrictus  (Miinsi.). 

Avicmla  ptoropernoidm  (BL  f  H.). 
Peraa  mvtiloides  (Lam!). 
Cldaris  norigemma  (Ph-). 
Acrosalenia  deoorata  (Haime). 
Hemicidaria  intermedia  (Flem.). 
Stomeohinua  gjratuf  (Ag.). 


We  seem  to  see  in  these  false-bedded  oolites  of  Calne  the  physical 
conditions  of  the  false-bedded  series  of  North  Dorset,  which,  beyond 
that  area,  may  be  traced  as  far  as  Westbury,  and  even  to  Steeple 
Ashton ;  but  the  faima  is  richer  and  very  different.  This  is  no 
doubt  due,  in  part,  to  the  closer  proximity  of  a  reef.  The  form  of 
deposit  seen  in  the  great  quarries  is  probably  exceedingly  limited ; 
for  in  the  direction  of  the  false  dip  we  immediately  come  to  the 
before-mentioned  well,  where  its  thickness  is  much  less,  and  the 
upper  beds  are  becoming  quite  rubbly;  and  amongst  them  are  found 
the  great  corals  of  the  period,  which  are  also  scattered  over  the  fields. 
Id  this  latter  form  the  Coral  Rag  overlies  the  day  near  Fisher's 
Brook. 

A  third  form  of  the  deposits  of  this  age  is  the  exceedingly  inter- 
esting one  at  Hillmarton.  On  the  south-west  side  of  the  small 
stream  that  descends  from  the  Chalk  is  a  plateau,  into  which  two 
openings  have  been  made  for  the  extraction  of  road-stone.  In  the 
deepest  of  these,  which  has  more  the  appearance  of  a  day-pit  than 
of  a  quarry,  are  seen  a  series  of  dark-blue  bands  of  clay,  separated 
I7  beds  of  limestone  of  the  same  colour  (fig.  4).  These  limestones 
are  not  even-surfaced,  but  irregular  above  and  below  :  the  deepest 
appear  to  be  the  thickest  and  most  crystalline,  and  are  often  per- 
ceptibly formed  of  ThamnastrsBan  and  Thecosmilian  corals ;  the 
upper  bands  are  thinner,  lighter-coloured,  and  more  earthy,  becoming 
near  the  surface  almost  like  chalk. 

These  upper  bands  are  so  uniform  in  substance,  and  so  evidently 
altered  from  their  original  state,  that  we  must  consider  the  lower 
crystalline  and  coralline  bands  the  normal  form;  and  it   seems 
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Fig.  4. — Section  of  CoraJr-bedSy  HiUmarton. 


a.  Coral  and  altered  Limestone. 


h.  Clay. 


most  probable  that  they  are  all  organic  growths  on  the  spot,  rathei 
than  transported  matter.  How  far  they  were  coralline  would  b< 
difHcult  to  say.  The  clays  contain  some  Foraminifera  of  ver^ 
unusual  character  and  other  Microzoa ;  and  the  limestones  are  very 
fossiliferous  ;  so  that  at  the  time  of  the  formation  of  the  beds  thii 
spot  was  teeming  with  life,  among  which  the  Echinodermata  were 
abundantly  represented,  and  the  stony  AigsB  appear  not  to  have  beei 
wanting.  Our  list  from  these  quarries,  to  which  the  fossils  coUectec 
and  recorded  by  the  Survey  as  from  Hillmarton  may  probably  b< 
added,  is : — 


Littorina  murioata  (Sow.). 
Cbemnitzia  heddingtonensis  (Sow.). 
Alaria,  sp.  {cf.  tenuistria,  Buv.). 
LithodomuB  inclusus  (PA.). 
Pholadomya  deoemcostata  (Rom.). 
Ludna  aliena  (Ph.). 
Astarte  OTata  (Sow.). 
8ubdepre80a  (Bl.  4^  H.). 

Srpricardia  glabra  (Bl.  ^  H.). 
ytilus  ung^atus  (  F.  ^  B.). 
Pema  mytiloides  {Lam.). 
Lima  elliptica  ( Wnit.). 

pectiniformis  (Sow.). 

densepunctata  (Rom.). 

rigida  (Sow.), 


Plicatula,  ro. 

Hinnitee  Telatufl  (Gold/.). 

Pecten  qnalioosta  (Et.). 

Timineus  (Sow,), 

Exogyra  bruntrutana  (Th.), 
Ostrea  gregaria  (Sow.). 
Terebratula  insignis  (Schl.). 

margarita  (0pp.). 

Thecidea  omata  (Moore). 
Cidaris  florigemma  (Ph.), 

Smithu  (»>.). 

Pseudodiadema  versipora  (Ph,), 
Parendea  bullata  (Et.), 
Corallina,  sp. 


Most  of  these  are  the  true  characteristic  species  of  the  *^^C.'Jlori' 
gemma  Rag  "  whore  best  developed. 

Rocks  of  the  same  epoch,  but  more  closely  coinciding  in  charactei 
with  the  freestones  at  Calne,  occur  not  far  from  here,  at  Goatacre 
whence  a  considerable  portion  of  the  building-stone  of  the  neigh- 
bourhood is  obtained.  It  is  here  more  highly  false-bedded,  dippin| 
\if  to  20°  towards  the  south,  and  is  much  mixed  with  layers  o 
clay,  which  attain  as  much  as  a  foot  in  thickness,  and  indicate  thi 
relation  of  this  quarry  to  those  at  Hillmarton.      The  limestone  i 
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not  properly  oolitic,  but  contains  here  and  there  small  unrounded 
grains ;  it  lias  been  mucli  subject  to  infiltration  since  its  deposition, 
which  has  taken  away  all  the  substance  of  the  fossils,  leaving 
only  empty  spaces  as  casts.  These  lie  throughout  the  mass  of  the 
stone,  and  are  abundant,  including  Phasianella  striata,  Chemnitzia 
heddingtanensiSj  Cerithium  muricatum^  C.  limceforme^  Littorina  mu- 
rieata,  Alaria,  sp.,  Lucina  Moreana,  Lima  rigida,  Cidaris  flori- 
gemmoy  and  RhahdophyUia,  This,  then,  is  a  fourth  form  in  which 
these  upper  rocks  appear.  This  is  continaed  for  some  distance  along 
the  strike,  and  may  be  seen  again  under  a  very  slightly  different 
form  near  Preston,  where  the  b^  are  very  irregular,  and  blue  and 
moist  from  the  presence  of  clay  beneath,  and  have  a  considerable 
amount  of  pisolite.  Here  Echinohrissus  scutatus  is  fine  and  abim- 
dant,  and  Nerituxa  fasciata  and  Unicardium  sulcatum  are  added. 
The  depth  of  each  of  these  quarries  is  about  12  feet. 

Continuing  in  the  same  direction,  we  find  at  Lynch  am  Hillocks, 
and  all  along  the  narrow  band  that  stretches  towards  Wootton 
Bassett,  the  Coral  Rag  alone  representing  the  series  above  the  sands. 
It  is  here  in  its  normal  form,  with  layers  of  Thamnastrsean  coral- 
growths,  and  drifted  TTucosmilice,  wiih  associated  bands  of  brash, 
nibble,  and  clay.  Splendid  sections  of  these  reefs  may  be  seen  at 
various  points  along  this  line  of  road,  and  many  of  the  usual  fossils 
noted ;  but  though  exceedingly  interesting  to  see,  they  present  no 
special  feature  calling  for  remark. 

At  Calne,  as  before  stated,  the  rocks  on  the  horizon  just  described 
are  the  highest  below  the  Kimmeridge  Clay ;  but  towards  Hillmarton 
and  for  some  distance  further,  indications  of  supracoralline  beds  very 
similar  to  those  that  lie  in  the  cracks  and  uneven  surfaces  of  the 
older  Corallian  rocks  in  North  Dorset  make  their  appearance.  These 
ruddy,  ferruginous,  sandy  clays  are  mapped  by  the  strong  colour 
^ey  give  to  the  soil,  and  can  seldom  be  seen  in  situ.  An  opportu- 
nity, however,  is  €^orded  in  the  above-mentioned  limestone-quarry 
at  Preston.  Here  about  2  feet  of  rotten  ferruginous  rock  is  seen 
overlying  the  limestone,  haviog,  towards  the  base,  nodules  and  frag- 
ments of  a  bipHcated  Ammonite,  Belemnites,  and  a  large  oyster, 
similar  to  one  that  is  found  in  an  analogous  position  in  Yorkshire. 
We  know  not  how  far  this  deposit  may  once  have  extended,  and  have 
been  removed  or  covered  by  the  Kimmeridge  Clay ;  its  perpetual 
reappearance  in  the  same  character,  independent  of  the  underlying 
beds,  leads  to  our  regarding  it  as  a  widespread  indication  of  coming 
change,  being  the  first  introduction,  if  we  except  the  intercoralline 
days  of  Hillmarton,  of  the  argillaceous  conditions  that  were  to 
succeed. 

As  a  further  illustration  of  the  development  of  the  Corallian  beds 
in  this  district,  we  think  that  two  sections  visible  near  the  escarp- 
ment, where  the  whole  series  is  so  thin  as  to  have  representatives  of 
each  portion  in  a  single  quarry-face,  may  not  be  uninteresting.  In 
the  neighbourhood  of  Clack  the  country  presents  a  beautiful  natural 
plateau,  in  which  the  surface  is  composed  of  not  much  more  than  a 
single  bed  over  a  considerable  area.     This  plateau  is  upheld,  and  its 
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declivitios  are  formed,  by  Oxford  Clay,  the  Corallian  beda  b 
merely  on  the  surface.  We  meet  here  with  the  following  sect 
showing  the  whole  aeries  in  9  feet. 

Section  of  Corallian  beds  at  "  Green's  Cleeve/* 

fL  in. 

1.  Coral-bed  of  Thamnagtrtfa,  TheconmUia^  kc.,  seen 

at  a  few  yards  distance,  at  a  slightly  higher  lerel, 
and  restine  on 

2.  Pisolite  and  rubbly  oolite,  in  broken  pieoes,  with 

Lima  elhptica  BiTiA  Avicula  ovalis 3    0 

S.  Large-grained  oolite  marl    6 

4.  Bubbly  oolite,  with    Cerithium  muricatum,   with 

Lima  elliptica,  Avicula  ovalis^  Lucina,  sp 1   10 

5.  Clay,  with  innumerable  shell-fragments  and  oolitic 

grains,  ^(fmtru2an«-spinet 0    8 

6.  Yellow  sand,  with  loose  alternating  lajrers  of  clay, 

and  much  intermixed  and  irregularly  laid 3    0 

The  liixiiriance  of  oak-trees  a  few  feet  below  show  that  the  Oj 
Clay  is  not  far  off,  and  tliat  we  arc,  indeed,  seeing  the  feather- 
of  a  formation.  The  occurrence  of  Avicula  ovalis,  so  charactei 
of  the  lower  beds,  indicates  that  these  rubbly  oolites  are  more  t 
associated  with  the  sands  below  than  with  the  coral-growth  ab 

The  thickening  of  the  series  on  the  dip,  in  the  direction  of 
fuller  development  at  Goatacre,  may  be  seen  in  another  neighl 
ing  quarry,  of  which  the  section  is  here  given. 

Section  in  Catcombe  Quarry, 

(L  in. 

1.  A  mass  of  drifted  corals  and  oolites,  much  mixed 

up  with  clay    4    O 

Though  the  corals  are  numerous,  their  staf«  and 
position  indicate  that  they  hare  not  lived  on  the 
spot  where  we  now  see  them,  but  have  been  drifted, 
tnough  not,  perhaps,  from  far.  Associated  with 
them  are  Littorina  muricata^  Cucullaa  elongatat 
Lima  rttdis,  and  Cidari»  florigemma. 

2.  '\^'hite,   large-grained    oolites,   marly  and    loose, 

pisolitic  at  the  top,  and  browner  and  less  earthy 
towards  the  bottom    9    0 

This  bed  probably  corresponds  to  No«.  2-4  of 
the  last  section,  and  contains  Cerithium  mu- 
ricatum,  LUtorina  muricafa,  Opis  Phillipsij 
Sowerbya  triangularvi,  Tancredia,  sp.,  Mgacifea 
securi/armis,  Pecten  fibrosus,  P.  quaUoostu^  Echi- 
nobruisus  scutatus,  and  Serpula  sulcata. 
8.  Band,  with  argillaceous  layers  towards  the  top, 
with  irregular  bands  of  shelly  limestone,  8  or  10 
inches  thick  towards  the  base  6     0 

For  these  the  quarry  is  chiefly  worked  as  waU- 
and  building-stone.  They  are  highly  crystalline ; 
and  the  fossils  are  beautiful  pseuaomorphs  in  oal- 
cite,  the  chief  being  Natiea  olytia ;  RhynchoneUa 
Tkurmanni  also  occurs. 
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This  quarry  is  also  valuable  in  another  respect — viz.  that  though 
we  see  here  the  whole  section,  the  marls  of  Calne,  which  lie  between 
the  Coral  Rag  and  Lower  Calcareous  Grit,  are  absent ;  and  though 
the  physical  and  potrological  connexion  is  indicated  by  the  mixture 
of  the  marl  with  oolite  in  the  pit  at  Green's  Cleeve,  yet  here  their 
|daoe  is  entirely  taken  by  oolites,  which  we  may  thus  compare  to  the 
"  Coralline  Oolite  "  of  Yorkshire,  or  the  false -bedded  series  of  the 
touth.  We  begin,  too,  to  learn  how  characteristic  Naticas  are,  in 
this  district,  of  the  lowest  fossiliferous  beds. 


4.  WooTTOJf  Bassett  to  Highworth. 

The  rubbly  Coral  Rag  which  we  saw  occupying  the  whole  Coral- 
lian  area  at  Lyneham  Hillocks,  towards  Woottou  Bassett,  continues 
to  dominate  in  the  neighbourhood  of  and  beyond  that  town  to  the 
west,  so  that  for  some  considerable  extent  of  country  hereabouts  the 
nune  would  be  appropriate  for  all  that  is  seen  between  the  Oxford 
and  Kimmeridge  Clays.  Its  thickness  at  Wootton  Bassett  is  about 
25  feet ;  and  it  is  in  the  form  of  a  brash  and  rubbly  coarse-grained 
oohte  in  which  Cidaris  florigemma  is  abundant.  At  Banner's 
Ash,  a  locality  quoted  by  Smith,  it  is  in  the  form  of  a  true  reef,  with 
massive  Thamnastraean  corals  in  full  development,  and  with  an  abun- 
dant fauna,  including  Nerita  Ouerrei^  and  excluding  Phasianella 
striata^  which  is  elsewhere  bo  common.  Traces  of  the  existence  of 
some  gritty  beds  below  may  be  noted  in  brooks  and  similar  expo- 
sures ;  but  they  make  no  show  upon  the  surface. 

The  maximum  development  hereabouts  seems  to  take  place  in  the 
neighbourhood  of  Purton,  where  the  change  of  strike  from  N.£. 
to  more  nearly  E.  occurs.  The  minor  exposures  are  numerous;  and 
whether  of  much  thickness  or  not,  the  Corallian  rocks  are  of  con- 
siderable surface-importance.  The  chief  exhibition  of  them  is  seen 
in  a  fine  old  quarry  about  |  of  a  mile  east  of  the  vOlage. 


Section  at  Purton. 


ft  in. 


1.  Bubbly  coral  bed,  showing  MTeral  lenticular  maases 

of  Thamnaatrsan  corals,  of  only  limited  eictent, 
from  a  few  iaches  to  1  foot  in  thickness,  the  re- 
mainder made  up  of  broken  pieces  and  Tkeco- 
snUlue,  at  if  washed  about  on  the  spot.  It 
contains  the  usual  coral-bed  fossils.    Thickness...     7    6 

2.  Blue-hearted  stronf  limestones  in  courses,  forming 

flags,  not  oolitic,  but  formed  of  sbell-fragmente ; 
the  division  between  the  layers  often  consists  of 
more  shelly  and  less  compact  limestone- rubble. 
The  stone  is  used  for  building^ and  p.iving,  and 
is  not  at  all  false-bedded.  The  fossils  are  all 
broken ;  but  among  them  may  be  recognized  LUto- 
rina  muricata,  Pcma  mvtihtdes,  Pecien  vimineus, 
Lima  rudia,  JAma  rigiaa,  Avicula  ovafis,  Cidaris 
florigemma^  and  abundance  of  small  oysters. 
IhicknesB    10    0 
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The  apper  of  these  beds  is  instructive,  as  showing  how  Thamnu 
tr^an  and  Thecosmilian  reefs  amalgamate  and  inosculate ;  but  tb 
main  interest  attaches  to  the  lower.  We  have  here,  indeed,  a  serie 
of  limestones  containing  Cidaris  florigemma,  undoubtedly  undei 
lying  the  Bag,  and  not  alternating  with  it,  as  the  similar  tboug 
false -bedded  ones  appear  to  do  at  Calne.  The  association  of  Avieul 
ovalis  points  to  an  earlier  age,  and  would  induce  us  to  compare  thee 
shelly  limestones  to  the  series  below  the  Rag,  as  its  position  hei 
indicates,  and  to  note  that  in  this  district,  at  least,  the  Urchin  ap 
peared  before  its  usual  time,  of  which  we  have  confirmation  else 
where,  and  th^t  the  lower  beds  are  beginning  again  to  assnm 
importance  under  a  diflFerent  aspect.  We  are,  in  fact,  now  enterini 
upon  the  confines  of  a  region  which  extends,  as  will  be  seen,  U 
Marcham,  and  perhaps  even  to  Oxford,  where  the  more  normal  stati 
of  things  no  longer  obtains.  The  thickness  of  the  limestones  ii 
seen  to  be  not  inconsiderable,  and  has  probably  been  the  cause  o: 
the  wide  extension  of  Corallian  rocks  in  the  neighbourhood.  Bui 
little  more  of  them,  however,  is  to  be  seen,  for  they  everywhere 
support  a  luxuriant  coral  growth,  probably  the  largest  reef  of  th< 
age  in  England.  Every  stone  is  Madreporarian,  and  the  roads  are  al 
mended  with  magnificent  specimens  of  ThamnastroFa  and  Isastrcea. 

As  we  approach  Highworth,  however,  the  Coral  Bag  becoma 
diminished  in  importance  by  the  development  of  lower  beds  at  iti 
expense,  and  is  at  the  same  time  thrown  back  from  the  escarpment 
to  form  the  surface  of  the  dip-slope  of  the  country  near  Seven- 
hampton.  Hereabouts  small  shallow  openings,  in  which  not  more 
than  5  feet  are  seen,  seem  to  bespeak  its  thinness,  and  to  show,  by 
their  position  above  the  brooks  that  are  cut  down  to  the  Oxford  Cl&j, 
that  it  is  developed  where  the  lower  beds  have  also  thinned  on  the 
dip,  the  whole  of  the  Corallian  beds  in  the  region  between  Seven- 
hampton  and  Watchfield  being  not  more  than  30  feet  thick.  It  pre- 
sents no  features  of  importance  as  distinguishing  it  from  the  similar 
beds  to  the  west,  except  some  admixture  of  clay.  It  is  seen  to  rest 
sometimes  on  a  semi-oolitic  stone,  fall  of  calcite,  and  sometimes  on 
clay,  and  is  also  overlain  hereabouts  in  the  direction  of  the  dip,  which 
is  southerly  in  the  main,  by  a  considerable  mass  of  reddish  sands, 
which  at  Shrivenham  village  are  of  importance  ;  but  of  their  precise 
nature  and  thickness  we  have  found  no  opportunity  of  judging. 

Our  interest  here  becomes  transferred  to  the  beds  below  the  Bag, 
which  are  finely  developed  in  the  quarries  about  Highworth,  one  of 
which,  the  most  important,  has  already  been  described,  first,  by  Hr. 
Lonsdale,  and,  secondly,  in  the  Geological  Survey's  brief  memoir. 
In  these  descriptions  the  measurements  and  characters  of  the  beds 
do  not  differ  more  than  in  the  quarry  itself;  but  the  interpretations 
given  to  them  are  totally  at  variance  with  each  other.  Mr.  Lons- 
dale considers  the  quarry  to  represent  the  whole  formation,  and 
states  that  here  the  Upper  Calcareous  Grit  can  be  seen  to  the  greatest 
advantage ;  while  in  the  Survey  map  it  is  all  coloured  Lower  Calca- 
reous Grit,  and  is  said  in  the  memoir  k)  be  the  *^  finest  section  "  of 
these  beds.     We  think  the  truth  Hes  in  the  happy  mean,  and  that 
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w«8ce  here  a  fine  deyelopmeDt  of  beds,  mostly  lying  abore  the 
h)weT  Calcareons  Qrit  proper,  aod  representing  in  time  the  interval 
between  it  and  the  Coral  Rag.  To  prove  this  point,  if  for  no  other 
reason,  we  think  it  advisable  to  give  yet  a  third  description  of  the 
qoany,  which^  indeed,  from  its  extreme  interest,  we  shoold  be  sorry 
to  omit 

The  lower  part  of  this  qnarry  is  worked  for  stone,  and  the  upper 
for  brick;  and  the  working  faces  do  not  coincide;  so  that  our  section 
'  ii  a  doable  one  combined,  the  upper  portion  having  apparently  been 
overlooked  by  the  Survey. 

Section  at  HighwortK  South  Quarry  (fig.  5). 

ft.  in. 

1.  Rabbly  limestone,  with  prostrate  Thecosmilia  and 

Cidaris  flarigemma,  an  irregular  bed  of  Tarying 
thickness 1    0 

2.  Laminated  ciirrent-deposited  yellow  sands,  with 

lar^  white  oolitio  grains.  These  oolite  grains  in 
various  parts  form  nearly  the  whole  mass  of  the 
stone,  which  then  becomes  a  false-bedded  fla^;y 
oolite,  with  large  grains,  haying  a  Tery  pecu^r 
appearance.  The  surface  is  ooyered  with  frag- 
ments of  oysters  and  Pectens,   but  none  large 

enough  to  name  specifically 6    0 

3i.  Bren-bedded  sands,  becoming  dark  and  argillaceous 
below,  and  used  for  bricks.  [No.  1  of  the  Surrey 
section.]  6    0 

4.  Bubbly  large-grained  oolitic  beds,  divided  irre^- 

larly  by  layers  of  soft  sandy  or  fossiliferous  oolite, 

the  lower  parts  the  hardest    [Noe.  2-4.1  6    6 

5.  Ferruginous,  rubbly,  and  somewhat  sandy  lime- 

stones, mostly  made  up  of  prostrate  and  drifted 
corals.    [No.  6.] 0    8 

6.  Shelly  limestone,  with  oolitic  grains.      [Part  of 

No.  6.1 .-. 8    0 

7.  Hard  cslcareous  sandstone,  becoming  a  blue-hearted 

grit^  of  variable  thickness.    Average   1    9 

8.  Soft  white  sand,  with  calcareous  doggers,  and  often 

fiOse-bedded    6    0 

With  regard  to  the  interpretation  of  this  section,  we  may  be  sure 
^t  Lonsdale  would  never  have  called  Nos.  2  and  3  Upper  Calca^- 
noQB  Grit,  though  they  are  sandy,  if  he  had  seen  No.  1,  and  traced 
it  on  the  line  of  dip  till  it  enlarges  to  a  true  coral-bed,  as  near 
Watchfield.  It  is,  indeed,  a  rubbly  and  possibly  disturbed  deposit, 
but  proves  at  least  the  higher  position  of  the  beds  from  which  it  has 
l>em  derived.  Mr.  HuU,  the  Geological  Surveyor,  on  the  other 
Wd,  confining  the  term  Coral  Bag  to  the  Upper  Coralline  forma- 
tiooB,  classes  all  the  beds  below  as  Lower  Calcareous  Grit.  To  this 
borizon  the  lowest  bed  in  this  section  would  be  universally  referred ; 
Wt  the  beds  between,  from  No.  2  to  No.  7,  though  underlying  the 
Bag,  may  correspond  in  character,  fossil  contents,  and  time  to  the 
locks  which  elsewhere  occupy  the  interval.  The  calcareous  portion 
of  them  is  referred  by  Lonsdale  to  the  true  Coral  Rag ;  and  the 
intervening  beds,  corresponding  to  the  marls  of  Calne,  are  represented 
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by  him  as  absent,  an  interpretation  wbich,  though  in  our  c 
erroneons,  proves  that  he  saw  the  difference  between  these  b© 
the  Lower  Calcareous  Grit. 

Fig.  5. — Section  of  Highworth  South  Qtiarrif, 


f^  :4 


Oonllina  Oolite.  < 


^:%^0^^zr/f^^^'r.^^j^^^^ji^M 


[  -uizizf:^ 


Lower  Oaloareoos  Orit ' 


The  bed  No.  7  lithologically  agrees  better  with  the  beds  belo^ 
with  those  above,  though  closely  amalgamated  trith  Xo.  6 ;  f 
would  include  it  with  the  Low^er  Calcareous  Grit,  from  which 
forms  a  kind  of  passage  to  the  beds  above.  The  drifted  Cor 
No.  5,  is  a  feature  which  we  have  not  yet  met  with  on  this  h 
but  which  may  be  paralleled  in  Yorkshire.  It  is  not,  how* 
reef,  but  derived  from  one  in  the  neighbourhood,  the  loca 
which,  if  still  existing,  has  not  yet  been  discovered.  It  contai 
Ammoniies  plicatilis,  Littorina  mxirlmta.  Opts  PJdlUpsi,  Unicc 
plenum,  and  fragments  of  Trkhites  bored  by  Lithodomm, 
Littorina  seems  to  be  the  constant  companion  of  coral,w^henever  i 
about  this  epoch.  The  Ammonite,  however,  clearly  disting 
this  bed  from  the  Lower  Calcareous  Grit,  in  which  that  spe 
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Beidooi,  if  erer,  found;  and  the  other  fossils  haye  the  same  ten- 
dency. The  series  No.  4,  which  Lonsdale  divides  into  seven,  and 
tlie  Survey  into  three,  but  which  may  really  be  divided  according  to 
hacy,  in  different  parts  of  the  quarry,  is  the  most  important  portion 
of  the  section,  as  it  contains  a  fine  suite  of  fossils  which  serve  to 
determine  the  age.  They  are  very  abundant,  the  most  characteristic 
being  Lima  rigida. 

Fossils  from  Coralline  Oolite^  ffighwor^. 


Ammonitoe  plicatOis  (Sow.). 

peramwtaB  {Saw.). 

cordatos  (Sow.). 

goluithus  (IT Orb.). 

Bdemnites  Owenii  (Prati). 
Plearotomaria  Munsteri  (Bom.) 
Trochiu  diedaltu  (J/  Orb.). 
Gerithiom  moricatum  (Sow,),  Tar. 
Idttorina  maricata  (Sow.), 
Pbasianella  striata  (Sow.). 
Cbemnitxia  heddingtonensis  (Sow.), 
OpU  Pbillipei  (Mor.). 
Sowerbya  teianiiilaris  (^A.). 
Lithodomus  inausus  (Ph.). 
Quens««dtia  heTigaU  (Ph.). 
Taneredia  cortaosata  (Ph.). 
CoeuIJjea  ooralltna  (JDam.). 
Mjaeit«s  decartatus  (Ph.\  rar. 
Pbc^adoiDya  decemcc^ta  (Rom.). 


Unicardium  depressum  (Ph.), 
Mytiliis  pectinatus  (Sow.). 
GerviUia  ayiculoides  (Sow.), 
Lima  rigida  (Sow.). 

heviuiscula  (Sow.). 

elliptica  (  Whit.). 

Bubantiquata  (Rom.). 

Pecten  fibrosuB  (Sow.). 

len«  (Sow.). 

Avioula  oralis  (Ph.). 
Plicatula,  sp. 

Anomia  suprajurensis  (Buv.). 
Ostrea,  sp.  (c/,  dilatata,  Sow.). 

solitaria  (Sow.). 

Exo^ra  nana  (Ph.). 
£chinobriB8U8  scutatus  (Lam.). 
Serpula  tricarinata  (Sow.). 
Cidaris  Smithii,  test  and  spine. 


The  association  of  AmmoniUs  perarmatus  (of  the  particular  form 
nere  found)  with  A.  cordaius  and  A,  plicatUis  (in  the  bed  below)  is 
indicative  of  the  vast  mass  of  limestones  which  in  Yorkshire  overlie 
the  Lower  Calcareous  Grit  proper,  though  belonging  to  the  period  of 
tlie  latter  far  more  than  to  the  zone  of  Cidaris  Jlorigemma ;  and  in 
the  We3rmouth  district  a  similar  form  of  A,  perarmatus  occurs  in  the 
Osmington  Oolites.  The  Avicula  ovalis  is  a  low  form,  except  in  this 
district  (as  at  Purton);  and  the  rest,  so  far  as  they  mark  any  particular 
boriion  in  the  series,  are  certainly  characteristic  of  beds  above  the 
Lower  Calcareous  Grit,  such  as,  where  well  developed,  are  called 
CoraUine  Oolite,  to  which  age  we  refer  these  beds,  carrying  along 
witii  them  all  the  deposits  Nos.  2-6.  The  sandy  and  curiously  false- 
bedded  mass  above,  is  a  development  we  have  not  yet  met  with  just 
bdow  the  Coral  Rag ;  but  we  are  here  entering  a  district  of  which 
this  High  worth  section  is  more  typical. 

The  series  so  well  exhibited  here  is  exposed  also  in  other  openings 
Bear  the  town,  none  of  which  are  so  full  and  satisfactory,  but  which 
serve  to  demonstrate  the  variability  in  thickness  and  character  of  the 
whole.  The  nearest  approach  to  conformity  with  the  above  section 
is  seen  to  the  north  of  the  town,  about  on  the  line  of  dip,  where 
the  most  important  beds  are  thickened  and  the  corals  are  scattered 
over  a  depth  of  6  feet,  a  state  of  things  which  points  to  the  same 
coodosion  as  the  thinning-out  of  the  beds  to  the  south — viz.  that 
the  sediment  came  from  the  north,  and  the  dip  of  the  overlying  Bag 
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is  due  chiefly  to  the  shape  of  its  sapporting  rooks.     There  is 
sideiable  descent  over  sands  and  grits  below  any  thing  seen 
quarries  before  the  springs  indicate  the  Oxford  Clay,  the  Survc 
mata  being  80  feet. 

As  we  depart  on  either  side  from  this  line  we  find  the  bedi 
diminished,  especially  on  the  west,  where  the  great  sandbank 
supported  limestones  take  their  origin.    We  see  just  the  b^n: 
it,  as  it  were,  in  an  opening  near  the  turnpike,  on  the  westen 
like  the  little  miniature  formation  at  Green's  Cleeve,  near  Cla 


Section  at  Highworih  Turnpike, 

ft.  in. 

1.  Blue,  fiBsile,  large-gndned,  rough  but  not  oolitic 

limestone,  with  Ammonitea  plicatilis  and  Echino- 
brisms  acuiatus 8  in.  to    1     0 

2.  Soft  brash,   with  shell-fragments,  and   a  4-inoh 

rubbly  limestone,  withA.pluMiilis  near  the  top...     1     2 
8.  Ooral-bed,  with  all  the  corals  (J^ecosmiUa)  lying 
down  flat,  with  Littorina  muricatcL,  Lima  eUiptica, 
Pecten  fibrous,  Exogyra  ftana,  and  Echinofrisaus 
9CUt€UU8   1     O 

4.  light-coloured  limestone,  weathering  brashy,  con- 

taining .^mmoni^  cordatuSf  Sotoerbi/a  triangU' 
lariSf  Pecten  fibroma,  Oairea  aolitariay  and  a  great 
number  of  casts  of  Oyprina  tancredifomUa^  1  ft.  to     1     6 

5.  OaloareouB  sandstone    3 

6.  Sand  and  sandstone 3    3 

The  occurrence  of  the  Coral-bed  here  enables  us  to  oorreh 
section  with  that  of  the  south  quarry,  and  to  see,  as  pointed  < 
greatly  diminished  thickness  of  the  beds,  while  they  maint 
almost  exact  correspondence. 

A  similar  section  in  a  quarry  on  the  east  side  of  the  town 
the  falling-off  to  be  less  in  that  direction. 


Section  in  the  East  Quarry,  Highworth, 

ft  in. 

1.  Brown  clay,  slightly  laminated  2    6 

2.  Brashy  ooUte... 1     8 

3.  Grey  shelly    Umestone,    slightly    ooUtic,  in  two 

courses,  parted  by  brash   2    8 

4.  Hard  limestone,  with  ball-concretions  and  Theoo- 

aTnilia 2    4 


The  Coral-bed  is  here  scarcely  discernible ;  it  is  probably 
top  of  No.  4,  in  which  case  the  correlation  is  clear.  Bed 
ie  as  fossiliferous  as  the  corresponding  one  in  the  south 
(4  of  the  type  section),  and  adds  the  following  fossils  to  \ 
(their  tendency  being  certainly  to  assign  it  to  the  age  we  ha 
dicated)  viz. : — 


Trieonia  Merianl  (Ag.). 
Modiola  canoellata  (idm.). 
Ayicula  ezpansa  ?  (PA.). 


Hinnites  velatus  (Gold/.). 
Trichites  Plotii  (Lhwyd.). 
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Hie  thinning  of  the  lower  beds  in  this  direction  is  proved  by 
the  Coral  Rag  coming  back  again  to  the  same  position  with  reference 
to  the  g^ieral  strike,  as  is  seen  in  all  the  quarries  on  the  road  to 
Faringdon. 

5.  FABDreBOK  to  Oxford. 

We  here  enter  npon  the  region  studied  by  Whiteaves  and 
Phillips,  and  upon  a  distinct  sheet  of  the  Geological  Survey ;  but  as 
our  ol^ect  is  to  give  somewhat  more  detail  than  they  have  done,  we 
•till  have  something  to  do. 

Of  the  Corallian  rocks  in  the  neighbourhood  of  Faringdon  we  are 
able  to  give  a  tolerably  complete  section,  which  will  serve  more 
or  less  as  a  type  and  st^uidard  of  comparison  for  the  rest  of  this 
district.  We  may  first  see  the  passage  downwards  of  the  £im- 
meridge  Clay  in  a  clay-pit  a  little  to  t£e  south-east  of  the  town, 
where  we  have  the  following  section  : — 

Section  in  Faringdon  Olay-^it. 

ft  in. 

1.  Solid  pale  grey  imstratified  Eimmeridge  OUy 6    0 

Gradual  pmeage    into    a    reddish-brown  poroua 

earth    0    9 

2.  Cliocoliite-coloured  ferruffinous  earth,  with  black 

■tains  from  dissolyed  fossils,  and  lamps  of  oal- 
oareoos  day,  ironstone,  and  fragments  of  Ottrea 
deltoidea  and  SerptUa  towta^  the  heae  1     2 

3.  Coral  Bag,  with  the  surface  and  fissures  iron-stained    8    4 

This  shows  us  the  fragment  of  ferruginous  beds  which  here  and 
there  appear  to  have  escaped  removal  by  denudation  before  the  for- 
tnation  of  the  Eimmeridge  Clay,  as  we  have  seen  near  Preston  and 
in  North  Dorset,  and  spreading  over  the  surfture  at  Shrivenham. 
They  remind  us,  by  the  association  of  Serpvla  tricarinata  with  large 
fragments  of  Ldma  pectiniformis,  by  the  presence  of  numerous  PinnaSf 
&Qd  by  the  occurrence  of  a  peculiar  Ammonite*  (ul.  decipiens),  of  the 
^reat  development  of  this  class  of  rock  at  Sandsfoot  Castle.  The 
8Qr&ce  of  the  Rag,  as  usual  when  thus  overlain,  is  uneven,  with  the 
red  earth  in  the  interstices,  showing  a  kind  of  unconformity.  The 
continuation  downwards  may  be  studied  in  the  Workhouse  quarry. 

Section  in  the  Workhouse  Quarry ,  Faringdon, 

ft.  in. 

1.  Bacstone,  quarried  for  lime-burning 6    0 

Bed  clay  parting,  and  broken  Bag     0    4 

2.  Boad-stonc 4    4 

3.  Building-stone  3    0 

4.  Bather  loose  sands,  with  water  at  the  bottom. 

The  top  bed  is  the  ordinary  Coral  Bag  of  the  neighbourhood,  as 
seeD  in  the  last  section,  rather  divided  by  clays. 
The  road-stones  may  be  divided  as  follows : — 
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o.  Tbe  top  blodc  is  a  hard  esldtio  limestone,  with  ft.  in. 
Theoosmilia  in  the  apper  part.  The  oeotnd  and 
lower  portions  are  semicrjstalline  pisolite.  The 
foflsilfl  are  small ;  and  we  maj  consider  the  hed  to 
belong  to  the  group  of  ooral  sheU-beds,  which 
Bometimes  underlie  the  Rag     0    6 

b.  Oolite  of  variable  hardness,  and  rather  ahellj  towards 

tbe  middle,  with  hard  crystnlline  nodules,  and  an 
IJrchin-bed  of  Pygaster  umbrtUa  and  Echimobriasu* 
tcfaatua,&c 2    0 

c.  The   principal  shell-bed.     A  fawn-coloured   lime- 
'*  stone,  gntty,  and  onlj  moderatelj  oolitic,  with 

abundance  of  large  shells — Trigonia  Meriani,  T, 
perlata,  Bkmites  vekUut,  Atiarte  amia,  Pecien 
Jibrosus,  P.  lens  1     1 

d.  A  dirtj-yellowish  limestone,  partiallj  oolitic,  with 

curious  flattened  lumps  of  marl  of  smooth  but- 

&oe 0    8 

The  building-Btones  (3)  are  coarse,  ironstained,  sandy  oolites,  blu 
hearted  towards  the  base.  They  contain  much  wood,  and  some  lar 
fossils,  including  Pecten  lensy  Pema  mytUoicUs,  and  Oervillia  avie 
Imdes,  Below  this  are  loose  sandy  beds,  becoming  sufficiently  ar^ 
laceous  to  hold  up  the  water.  The  continuation  downwards  cann 
be  anywhere  satisfactorily  traced  on  the  surface,  the  section  ia  t] 
Lechdale  road,  alluded  to  in  the  Survey  memoir,  being  no  long 
visible ;  but  the  following  well-section  exhibits  completely  the  lith 
logy  of  the  lower  beds,  which,  if  all  are  to  be  reckoned  as  belong 
to  the  Lower  Calcareous  Grit,  have  here  an  enormous  development  :- 

Section  of  Bore-well  at  Fairthome  and  Phillips^ 8  Brewery^  Farin^dc 

Coralline  oolite  (the  same  as  in  the  lower  part  of  the  ft  in. 

Workhouse  quarry)   6  6 

Sandy  clay,  with  much  carbon,  and  curious  white 
nodules  (?).  The  lower  portion  of  this  bed  holds 
up  the  water  in  the  Workhouse  quarry,  and  at  the 

brid^  over  the  railway 4  0 

Corallme  (?)  and  shelly  limestone,  hard  and  subcrys- 

talline,  with  loose  marly  stuff  at  base 10  6 

Water  of  shallow  wells. 

Grey  sandy  clay 9  6 

Similar,  but  less  coherent 9  0 

Similar 11  6 

Line  of  Bubcalcareous  nodules 2  6 

Dense  grey  clay 2  0 

Grey  sandyclay 8  0 

Impure  grey  oolite,  and  hard  grey  calcareous  grit   ...  6  0 

Water. 
Loose  grey  quartz  sand,  extremely  fine  in  grain,  with 

a  few  plates  of  mica  5  0 

Grey  sandy  clay 13  0 

Grey  clayey  sand    5  0 

Water,  53°  F.,  constant. 

Grey  clayey  sand    4  0 

Grey  sand,  rather  more  argillaceous   6  0 

Grey  argillaceous  indurated  grit,  of  fine  grain  13  0 

114    6 


k 
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Tite  cMef  interest  in  the  Ck>rallian  beds  here  centres  in  those  that 
are  seen  in  the  Workhouse  quarry,  which  are  obviously  on  the  same 
liorizon  as  in  that  at  Highworth,  and  the  variations  of  which  are 
sxposed  in  the  several  quarries  to  the  eastwards.  The  shell-bed  of 
tli»  quarry  we  may  fairly  compare  to  the  similar  bed  at  High- 
worth  in  tlie  same  stratigraphical  position,  especially  as  we  notice 
that  this  conehiferous  feature  is  continued  to  the  east.  At  Faring- 
don,  however,  we  notice  a  difference  both  above  and  below.  Above, 
we  here  have  the  oolites  immediately  beneath  the  Rag ;  there  we 
have  sands  and  clays,  which  appear  to  be  wanting  here ;  and  these 
two  are  the  alternate  types  developed  on  different  areas,  as  will  be 
Been  by  oar  future  illustrative  sections.  Below,  we  have  here  a  bed 
with  curious  clay  balls,  representing,  we  may  suppose,  a  kind  of 
pisolite ;  and  there  we  have  a  Coral-bed.  Beneath  these  in  all  the 
quarries  is  a  kind  of  passage-bed  to  the  Lower  Calcareous  Grit. 

In  a  quarry  about  a  mile  to  the  east  of  Earingdon  we  have  a 
section  representing  the  arenaceous  type  of  the  upper  beds,  showing 
how  quickly  we  lose  the  excessively  calcareous  type.  There  are 
here  seen : — 

ft   in. 

1.  Calcareoarenaceous,  partly  false-bedded  flagfi,  with  lenticular 

masses  of  calcareous  sand,  which  produce  the  false-bedding, 
containing  Cidaris  florigemma,  Fecten  Jibro$u$f  and  Lima 
dttptka 4fl.to6    0 

2.  Alternations  of  sands  and  clajs  in  thin  layers  in  the  lower  part, 

black  from  carbonaceous  matter about    10    0 

3.  Solid  blue  calcareous  grit,  with  larae  flattened  oolitic  grains, 

rendering  it  almost  an  oolite.  UerviUia  aviculoidea,  Pecten 
iens,  LuSmna  muricata  (base  of  quarry). 

The  whole  mass  here  looks  so  like  calcareous  grit  that  we  re- 
quire the  guidance  of  the  fossils  to  point  out  that  the  upper  bed  must 
be  closely  underlying  the  Bag,  and  that  the  base  bed  corresponds 
to  the  shelly  beds  of  Faringdon.  An  additional  feature  of  interest 
here  is  the  black  carbonaceous  band,  similar  to  that  which  appears 
in  the  Brewery  section  below  the  shell-bed,  indicating  probably  the 
proximity  of  land. 

Another  section  in  the  neighbourhood,  a  little  further  east,  and 
louth  of  the  high  road,  whence  the  stones  are  obtained  to  mend  the 
road,  should  be  given  as  confirmatory  of  the  above  inteipretation* 
We  have  here : — 

1.  Bed  earth.  ft.  in. 

2.  False-bedded  fissile  oolitic  flags 1  ft  tod  0 

3.  Black  and  brown  laminated  eandy  clays   3  in.  to  1  0 

4.  Shelly  beds,  with  flattened  nodules  near  the  base 3  6 

5.  Soft  sands,  becoming  in  places  blue-hearted  grit. 6  0 

The  succession  of  beds  with  the  flaggy  oolites  at  the  top  is  here 
too  like  that  at  Highworth  to  allow  of  much  doubt ;  and  the  fossils 
of  the  shelly  bed.  Ammonites  plicatilis,  Cerithium  muricatum,  Pecten 
km,  P.  qualiccsia,  Gervillia  aviculoides,  Lima  laviuscula^  assist  in  the 
correlation.     The  passage-bed  lelqw  the  shell-zone  is  not  here  well 
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marked,  though  probably  represented  by  the  extreme  top  of  No. 
in  which  Ammonites  varieottatm  is  not  rare. 

As  we  pass  onwards  to  the  east,  we  come  to  an  important  qoai 
in  which  these  lower  beds  are  again  well  represented,  though  t' 
arenaceous  type  of  the  upper  ones  is  still  in  the  ascendant.  This 
the  quarry  near  the  Lamb  Inn,  about  six  miles  from  Faringdc 
described  by  the  Geological  Surveyor  as  being  the  only  indicati 
of  Upper  Calcareous  Grit  in  the  neighbourhood.  We  will  add  1 
names  assigned  to  the  various  portions  to  our  own  description. 

Section  at  the  Quanry  near  the  Lamb  Inn, 

ft 

1.  Deep- red  sandy  loam,  of  varying  thickness,  unconformable  to  the 

lower  beds,  resting  in  some  places  on  No.  2,  and  in  others  on 
No.  3 3 

2.  Flaggy  oolitic  sandj  limestones,  resting  on  sand  with  small 

shelly  calcareous  fragments  and  Lydian  stones 1 

3.  Siliceous  sands  (1  ft.  6  in.)  graduating  into  briok-earth  dajrs, 

unconformable  to  the  bed  below,  which  is  half  cut  through  in 
places,  and  exposes  an  eroded  surface.  [Upper  Calcareous 
Grit  of  Surrey.]    7 

4.  Blue-liearted  shelly  limestone,  partially  ooUtic,   with   brashy 

partings.  The  top  is  deeply  eroded  in  places,  forming  pockets. 
A?nmonites  fliccUilis,  Belemniies  abbreviatw,  Opts  PkiUipa, 
Tnt/oniapertata,  T.  Meriani  (abundant),  Pemam^Urides,  Ger- 
viil'ia  aviculoides,  TrichUes^  sp.,  Modiota  cancellata,  Pecten  letu, 
P.  qnalicoata,  P.  fibrosm^  P.  demisaus^  Hmnites  velatuSt  EcJUno- 
hrusus  8ciU<Uus.     [Coral  Baf,  a.]  3 

5.  Blue  pisolite,  becommg  more  shelly  below,  with  fossils  similar  to 

those  of  the  bed  above  and  Lima  rigida,    ["  Coral  Rag,  A.**]  ...       3 

6.  Blue-hearted  intensely  hard  calcareous  grit^  graduating  down- 

wards into  the  next.     [Lower  Calcareous  Gnt.]   1  ft.  4  in.  to  2 

7.  Yellow  and  white  sand  (base  not  seen) 7 

The  fine  fossiliferous  bed  here  seen,  which  from  the  abundance 
that  shell  we  may  call  the  TVi^OHta-bed,  gives  us  at  once  our  datm 
line  in  its  obvious  identity  with  the  shelly  beds  at  Faringdon  a 
Highworth  ;  and  thus  we  see  the  pisolite  below  taking  the  place 
the  nodulo-bed  of  the  former  and  the  Coral-bed  of  the  latter  locality- 
not,  be  it  noted,  of  the  Coral  Rag  proper  of  this  district,  with  whi 
it  has  no  relation ;  and  the  passage-bed  below  is  here  again  slight 
marked. 

We  learn  also  something  here  from  the  upper  beds.  One  cann 
fail  to  be  struck  with  the  remarkable  erosion  of  the  top  of  t 
calcareous  bed,  No.  4.  Though  it  may  be  partially  due  to  buIm 
quent  chemical  action  on  the  spot,  it  is  certainly  also  due  to  i 
interval  of  time  between  the  two  deposits.  This  fact  and  tl 
graduating  upwards  of  the  sands  and  clays  into  the  red  ferrugino 
earth  in  some  parts  of  the  quarry  doubtless  induced  the  Survey 
to  map  the  former  as  Upper  Calcareous  Grit,  though  the  low 
portion  by  no  means  coincides  with  its  character  elsewhere ;  and  tl 
isolated  position  of  the  patch,  so  far  from  the  dip  margin  of  ti 
formation,  is  apt  to  attract  attention.  Having  seen  the  red  ear 
overlain  by  Eimmeridge  Clay  at  Faringdon,   and  capping  oth 


Digitized  by  VjOOQIC 


THX  COBJULLIAK  BOCKS  OP  EKOLAIH). 


d05 


beds  in  the  neighbourhood,  we  have  no  donbt  that  the  red  soil  here 
is  the  representatiTe  of  the  Upper  Calcareous  Grit ;  but  the  sands 
and  days  below,  being  overlain  by  ooUtic  rock,  which  nerer  occars 
in  the  Upper  Calcareous  Grit,  and  to  which  the  red  earth  is  uncon- 
formable, and  being  in  the  position  of  similar  beds  at  Highworth 
and  elsewhere,  we  take  to  be  a  continued  representation  of  the 
arenaceous  form  of  the  infra-coralline  beds,  the  erosion  being  an 
interesting  indication  of  the  wide  separation  in  time  of  the  oolite 
shell-beds  and  the  Coral  Bag.  These  conclusions  are  confirmed  by 
sections  at  Marcham. 

All  the  openings  hereabouts  are  in  somewhat  the  same  horizon, 
and  carry  on  the  sequence  of  the  various  divisions,  till  in  the  neigh- 
bourhood of  the  last-named  village  the  calcareous  type  of  the  inl^- 
coralline  beds  sets  in,  and  we  have  Eag  supported  on  beds  of  broken 
oolite  and  oolitic  brash.  A  very  good  example  of  this  is  seen  in  a 
Hmepit  near  ^'  Noah's  Ark,"  a  representation  of  which  we  give 
without  further  description  (fig.  6). 

Pig.  6. — Section  at  NoaKs-Ark  Limepit,  Marcham, 
(Total  thickness,  10  ft.  6  in.) 


1.  Ooral  Bag.  2.  Broken  Oolite.  3.  Oolite  and  Brash. 

4.  Shell  Limeatone.  5.  Lower  CaloareouB  Grit 

Elsewhere  in  the  neighbourhood  these  brashy  and  oolitic  beds 
beneath  the  Bag  are  thidker ;  but  we  need  only  give  one  illustrative 
section,  that  in  "Marcham  field,"  whence  doubtless,  for  many 
ft  decade,  the  fossils  have  come  which  have  been  quoted  from  this 
locality,  and  which  every  writer  mentions.  There  are,  however, 
two  Quarries  ;  and  it  is  the  most  southerly  to  which  the  following 
descnption  applies : — 

Q.J.G.S.  No.  130.  X 
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Section  in  Marcham  Field,  South  Quarry. 

ft,  iiL 

1.  Tbin -splitting,  rough-bedded  blue  limestone  with  T%ecosmiUa  ...      2     6 

2.  Rubbly  Coral  Raff  in  small  pieces;  Thecomnilia,Cidariafiorigemma     2     6 

3.  Soft   irregular  win-bedded  limestone  amalgamating  with  the 

Coral  Rag  aboTe ;  Gfm/^  at^tctfZouies   8  in.  to  0     8 

4.  Oolite  and  oolitic  brash,  Tariable ;  Ammonites  plicaiilis    1     8 

6.  Trigonia-hedt  composed  of  large  specimens  of  Trigonia  perUUOf 

particularlj  towards  the  base ;  contains  PUurotomaria  reticulata, 
Qitensfcdtia  UBvigaia,  Pema  mytiloides,  Lucina  Moreana,  Opts 
Phillipsi,  Lithod<ymMS  inclumtSy  GervUlia  avicuiatdes,  &J&,     1     O 

6.  LooBe  yellow  sands,  sometimes  false-laminated,  with  thin  layers 

of  clay  and  abundance  of  Ostrea  gregaria  and  Exogyra  nana  at 
the  ti>p,  and  flat  calcareous  balU  and  Ljdian  stones  towards 
the  base 1  ft  to  2     O 

7.  Solid  blue  false-bedded  calcareous  grit,  having  the  top  fall  of 

liatica  marckamensis ;  contains  also  Chemnitzia  abbreviata  and 
Cerithium  muricatum,  var 8  in.  to  1    O 

8.  Loose  sand,  holds  up  water. 

This  magnificent  quarry  gives  us  the  whole  sequence^  and  is  i 
splendid  illustration  of  the  Bag  supported  on  a  calcareous  basis 
There  is  no  difficulty  in  correlating  it  with  our  other  sections ;  an< 
its  fossil  contents  give  it  an  interest  of  its  own,  the  Trigonia-hen 
being,  like  the  corresponding  beds  elsewhere,  the  chief  repositor] 
of  them. 

Very  close  to  this  quarry,  but  nearer  to  the  Abingdon  road,  i 
another,  into  which  the  lower  beds  may  be  traced  one  by  one ;  bn 
above  the  Trigonia-hed  we  have  the  sheUy  sand  of  the  Lamb-Ini 
Quarry  again,  and  the  same  erosion,  though  not  so  marked,  with  t 
bed  of  rolled  oolitic  fragments ;  but  we  see  no  Coral  Eag.  Thi 
quarry  is  mapped  as  being  in  Lower  Calcareous  Grit. 

Kow  we  notice  that  in  these  quarries  we  have  two  types  of  rod 
overlying  the  shell-beds :  in  some  places  there  are  rubbly  oolites 
and  in  others  sands.  In  the  former  we  generally  see  the  Ba| 
resting  on  the  top ;  but  in  the  latter  the  Eag  is  mostly  driven  out 
BO  that  these  sandy  areas  are  to  a  certain  extent  alternative  witl 
those  with  Eag  developments,  and  may,  perhaps,  have  been  so  ii 
their  original  deposition. 

In  the  quarry  of  which  the  last  section  is  given  we  are  introducec 
to  a  new  point  of  interest,  which  to  some  extent  continues  U 
attract  attention,  in  the  openings  between  this  and  Oxford,  namel; 
a  foBsiliferoua  or  Natica-hed  in  the  Lower  Calcareous  Grit. 

In  passing  north  frojn  Marcham,  we  find  that  the  beds  which  havi 
just  occupied  so  much  of  our  attention  disappear,  and  the  Cora 
Eag  rests  directly,  as  at  Westbrook,  on  the  Grit.  The  exposures  ii 
this  range  are  few,  and  mostly  show  the  sands  and  grits  at  th< 
base  with  their  characteristic  Ammonites  perarmatus,  presenting  n( 
special  points  of  interest ;  but  at  Bradley  farm  and  at  the  ores 
road  to  Cum  nor  very  instructive  sections  are  seen. 
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In  the  first  of  these  qaanies  (fig. 
we  have  at  the  top  ahout  six  feet 
magnificent  Rag,  the  massive 
rtions  growing  in  lenticular 
lases  with  hases  not  horizontal, 
d  the  intermediate  spaces  filled 
a  large  extent  with  ThecosmUicB, 
le  reef-corals  hero  are  in  a 
►re  perfect  state  of  preserva- 
n  than  in  any  locality  we 
ow  of,  and  leave  little  to  be 
dred.  Beneath  the  Bag  is 
^  uppermost  bed  of  the  Lower 
Icareons  Ghrit,  a  very  remark- 
le  rock,  composed  of  very  sharp 
m-coloured  sand  in  a  calca- 
ms  matrix,  and  containing 
doles  surrounding  Ammonites 
'datuSj  or  enclosing  a  nest  of 
jlls  in  which  CylindriUs  Luidii 
abundant.  It  also  contains 
vdca  clytta,  OervilUa  avicu- 
des^  Ostrea  solitaria^andSerpula 
Mrinata,  and  is  the  uppermost 
ailiferous  zone  of  this  portion 
the  series.  It  is  irregular 
ihe  same  quarry,  and  is  pos- 
ly  only  a  modification  of  the 
ids  below,  as,  where  it  thins 
b  and  is  only  to  be  traced 
t  beneath  the  Coral  Bag,  the 
id  contains  similar  nodules 
re  and  there.  The  whole  is 
derlain  by  a  strong  bed  of 
Icareous  Grit,  five  feet  in 
ckness,  with  Natiea  marcha- 
nsis,  Cylindrites  Luidii,  and 
anniizia  abbreviata,  which  cor- 
ponds  to  the  Naticor-hed  at 
ircham.  These  beds  probably 
jresent  a  later  period  than  the 
linarj'  Lower  Calcareous  Grit, 
preaching  that  of  tiie  Coralline 
lite. 

In  the  quarry  at  the  Cumnor 
^ss  road  we  have  an  equally 
narkable  development  of  the 
ral  R^g,  but  with  nothing  like 
?  above-described  beds  under- 
Dgit. 
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Section  at  the  Cross  Road  to  Cumnar, 

ft 

1.  Coralline  brash  in  discontinuous  beds,  the  fossils  mostlj  broken, 

with  Cidaris  Jlorigemmat  C.  Smitkii   5 

2.  Solid  blue  crystalline  limestone,  with  irregular  branching  carities, 

with  Cidaris  fiorigemma   2 

3.  Soft  brash  in  loose  calcareous  paste,  full  of  broken  fossils  and 

occasional  Tha/mnastrm(Bf  Littorina  muruxUay  Lima  rtgida, 
Pecten  vimineuSy  Eixogyra  nana,  Cidaris  fiorigemma^  C.  SmUhii, 
Hemicidaris,  sp.  Towards  the  base  it  becomes  more  compact, 
and  is  made  up  of  prostrate  Thecoamilia  and  occasional  Tnam- 
fMstram  4 

4.  Indurated  Umestone  similar  to  above,  the  base  a  sliell-bed  with 

Littorina  TtmriccUa,  a  darellate  Trigonia,  Pecten  vimineus, 
Cidaris  Smithii —       2 

5.  Soft  bluish  sand,  in  which  no  fossils  or  doggers  are  seen 2 

There  are  three  noticeable  points  about  this  quarry : — Ist,  t 
rubble  overlying  the  representative  of  the  Bag,  a  feature  not  bef< 
noticed,  but  introducing  us  to  a  similar  pecidiarity  at  fieadingU 
to  be  presently  described;  2nd,  the  massiveness  of  the  cryst 
line  Eag  limestone,  and  its  similarity  to  a  bed  of  Calcareous  Gi 
by  which  we  might  be  misled  but  for  the  characteristic  urchin ; 
is  probably  a  highly  altered  coral-growth ;  3rd,  the  coral  shell-l 
below,  which  we  must  plainly  associate  with  the  Rag  rather  th 
with  the  shell-beds  of  Faringdon  &c.  The  whole  series  preaei 
here  a  greater  thickness  than  we  have  elsewhere  seen  on  t) 
horizon  throughout  the  range. 

6.    NOBTH-EAST  OP  OxFORD. 

Here  we  hare  the  last  development  of  Corallian  rocks  bef< 
their  disappearance  for  many  miles.  Their  character  has  alrea 
been  made  known  by  Prof.  Phillips  and  the  Geological  Survey,  b< 
of  whom  have  described  the  quarries  at  Headington. 

lu  the  base  of  these  quarries,  as  also  in  others,  such  as  those  n< 
the  windmill  on  the  Shotover  road,  we  find  the  sands  of  the  Loi 
Calcareous  Grit,  with  sometimes  strong  bands  of  stone,  as  in  1 
Littlemore  railway-cutting,  or  large  doggers  with  Ammonites  va 
costatus  and  other  fossils.  W^  have  not  met  with  the  Natica-hei 
March  am  in  these  quarries ;  but  the  uppermost  part  of  the  sai 
shows  indications  of  that  remarkable  band  at  Bradley  farm 
which  Atnmonites  cordatus  occurs  in  nodules  of  sharp  calcare< 
sand. 

That  same  fossil  occurs  here  also  in  a  similar  matrix.  Tben 
also  at  the  top  of  the  grit  about  eight  inches  of  a  pebbly  bed/  w 
rolled  oolite  and  quartz  crystals,  and  containing  Ostrea  soUtaria,  A 
cula  expaiisa^  Lima  Iceviuscula,  and  Natica  clytia.  This  proba 
indicates  some  lapse  of  time  during  which  deposits  which  are  h 
wanting  were  laid  down  elsewhere  in  the  district. 

The  continuation  downwards  of  the  Lower  Calcareous  Grit  n 
be  observed  in  the  road  leading  north  fi*om  these  quarried  : 
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the  slope  of  the  hill  a  considerable  amount  of  loose  yellow  sand  is 
seen,  with  occasional  hard  bands  with  Ainrmnites perarmatus. 

Overlying  the  Lower  Calcareous  Grit  there  are  several  different 
^ppCT  of  rock  in  this  neighbourhood.  In  the  great  Headington 
quarries  we  have  no  less  than  three  series  of  beds,  as  indicated  in 
the  following  section  : — 

Seetton  of  Headington  Quarries, 

ft.  in. 

1.  False-bedded  oommiDuted    phelMimestone,  seen  better   in   the 

quarries  at  Sho to ver  at  a  higher  level here     16    0 

2.  Irrei^lar  Coral  Rag  with   Thecosmilup^  passing  into  and  alter- 

nating with  the  beds  above 10-17  0 

3.  Semi-oolitic  shell-bed  with  Cidaris  florigemma 7  0 

4.  Pebblv  bed  and  layers  of  nodules  yK\\kiAm'fmnUe&  cordatus    0  8 

5.  Sands  of  the  Lower  Calcareous  Grit 


1 


The  shell' bed,  No.  3,  is  a  very  interesting  one  from  its  abun-  If- 

lance  of  fossils,  among  which  we  notice  Ammonitts  pUcatilis,  Pha-  ^ 

ianeUa  striata^  Natka  ch/tia,  Astarte  ovata^  Qervillia  aviculoicles^  i  j 

^ema  mytxloidtB^  CorhiceUa  Jcevis,  Myoconcha  Sannannij  Lima  Ittvi-  i*  ^ 

iteula^  PecUn  lens,  and  P.  vimineuSf  as  well  as  Cidaris  florigemma.  Vl^ 

i  is  the  presence  of  this  last  fossil  that  makes  us  associate  this  with  '**** 

he  Coral  Eag,  as  a  bed  not  seen  before  except  near  Cumnor,  rather 
ban  consider  it  the  equivalent  of  the  shell -beds  at  Faringdon. 
Tie  PhasianeUa  striata  giyes  the  same  indication,  though  it  occurs 
Iso  at  Highworth.  It  is  a  feature  more  common  in  Yorkshire  than 
Q  the  south  of  England  to  have  such  a  shell-bed  associated  with 
be  Eag.  In  one  of  the  quarries  this  bed  contains  a  mass  of  corals ; 
nd  in  another  place  it  is  separated  by  a  layer  of  sand  from  the  over- 
ring  Eag.  The  stone  is  mostly  composed  of  broken  shells  and 
npure  limestone,  but  occasionally  shows  oolitic  structure. 

The  Coral  Eag,  No.  2,  is  almost  entirely  composed  of  Tkecosmilice^ 
ery  few  Thamnastrcece  being  observed.  It  is  very  irregular,  and 
innot  be  traced  far  continuously.  It  appears  to  be  false-bedded, 
robably  from  growing  on  a  false-bedded  basis ;  sometimes  it  is 
oite  soft,  like  loose  calc  tuff;  at  others  it  hardens  into  lenticular 
lasses  of  solid  rock  with  fewer  corals — a  very  typical  Thecosmilian 
ia^.  We  noted  Pleurotomaria  reticulata,  Pecten  vimineus,  Lima 
Itptica,  and  Ostrea  solitaria^  besides  the  inevitable  urchin. 

This  Rag  becomes  in  parts  undistingnishable  from  the  false- 
edded  limestone,  No.  1,  which  is  finally  substituted  for  and  overlies 
.  This  is  seen  in  one  of  the  quarries  on  the  south  of  the  general 
aarry  ;  so  that  the  relation  of  the  two  rocks  is  undoubted.  This 
>ft  limestone,  however,  is  better  seen  in  a  quarry  higher  up  the 
ill,  where  it  is  quarried  beneath  the  Kimmeridge  Clay,  which,  as 
oticed  by  Phillips,  lies  on  an  eroded  surface.  The  limestone  is  com- 
osed  of  comminuted  fragments  of  shells — a  very  unfavourable  con- 
ition  for  holding  any  recognizable  fossils ;  but  it  appears  to  contain 
le  spines  of  Cidaris  florigemma.  About  10  feet  are  seen  in  one 
aarry,  and  10  feet  more  in  a  lower  one ;  but  there  are  reported  to 
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Prot  Phillip,  haa  noticed  the  patchy  character  of  the  calc 

tainly,  rf  we  may  jadge  from  their  changing  character  the, 
never  reiy  contiauooB.  "  ^"*™'='«'^'  "*»2 

noS*«r^f?L!^  "  ~"*^''*'''  "''t^  t>>«  opposite  hilh 
the  Jlag  and  shelly  beds  inoecnlating ;  but  on  crossing,  a  fi, 
Zll^  '^l^^T'^y  "»»P  (qaarter-"sheet  45  S  ^'^d"  ^^ 
the  last-named  vilLige,  a  new  type  has  set  in.  ' 

ny^lTLfJt''  '^^^  -  V-  "  a  very  remarkable  qnanr. 
about  24  feet  are  seen,  composed  of  alternate  layere  ofhard 
Kery  bands  and  marL  Towards  the  base  the  harf  bands  a~ 
together,  thidcer,  and  more  cryateUiqe,  the  loSst^ea 
The  Wr*  ^r"^"*  ^  ^~*  in  thick„e;s,  with  frSne^te  V, 
The  lower  marly  beds  are  more  like  a  smaU  calcareona  Wh 
tn.e  marl,  which  becomes,  however,  more  abundantTovrarrth 
W  '^  ^'Z'^'?^^i^  of  the  Hillmarton  type  of  Rag    br^he 

w  trStr"'wL''r"''"  Tk^  ""'^^"'  nor  i^ii  sfl'n 
^rL^'tlUH  ?  """Tkable  in  the  fauna  here  is,  th, 

chief  S;  rL^  7*""''  *  '°^^^'''  "''«'  °f  Echinoderms 

We  see  here  the  qwt  where  the  e^^rak  did  net  grow  a 
Hcadmgton  we  saw  where  they  did.  Here  we  haye  t^  d^br 
tttSlXJS'"?^'!?'  ^l'  '''<"'«  -ithThe  Echino'd 
"^^^^^St^^t^^-  ^aye  a  natural 

i  headaru-JlongemmabedB  are  here  immediately  underlain  bv 

?«  iT'^'^v^*'**"  ^^^  ™^«"°««  t«  the  Lower  CaJcaSori 

tl:f  :^^'tti^i: /ai:;;^  -*  --^  --  ^^  «^«^^ 

be^sL'J^T^''-**^  Headington  a  somewhat  similar  type  of  reck , 
c^t.  ng  hlt^^^J':^'''^:  ^"''"''  «rit  iuTc  Little  J 
rboZ'4f2tof  SS™?^'/*  "^^"^  *"  ^'  ^'^  unfoesilifer, 
upper  HmeTnidlSy^**^!^  S2JlT^°"".  ^"  '^7  T"' 

^Tirwr/^,  sp.  (cf.  ot-a^/i),  we  are  left  in  some  do 
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B8  to  what  these  beds  represent ;  but  at  least  we  learn  that  the  Rag 
of  Headington  is  lost  ere  this. 

If  we  go  to  the  east  we  see  it  disappear  also ;  but  its  place  is 
taken  by  the  false-bedded  limestones  that  were  seen  overlying  it  at 
Shotoyer ;  for  it  is  beds  of  this  series  that  we  think  are  to  be  seen 
m  the  great  quarries  at  Wheatley.  The  amount  of  stone  that  is 
or  has  been  excavated  here  is  something  extraordinary,  but  scarcely 
less  so  than  the  rarity  of  recognizable  fossils  ;  just  as  in  the  stone  at 
Siotover,  they  are  all  ground  down  and  obliterated.  Nevertheless 
Ammonites  plicatilis,  BeUmnites  abbreviatiiSj  Exogyra  nana  and 
CidariB  florigemma  have  here  been  noted,  and  reptUe  bones  have 
been  known  to  occur.  These  beds,  measured  perpendicularly  to  their 
apparent  dip,  have  a  thickness  of  70  feet  in  one  quarry  alone  ;  and 
IS  the  dip,  wherever  observed,  is  easterly,  or  partially  so,  we  should 
bave  to  allow  some  considerable  additional  amount  if  measured  in 
this  way.  The  exceedingly  local  nature,  however,  of  this  vast 
Bocumulation  leads  us  to  the  conclusion  that  we  are  here  viewing 
Wse  dip,  such  as  may  be  seen  in  the  corresponding  beds  at  Head- 
ington. We  are  here,  then,  presented  with  the  deposits  which  were 
formed  on  the  extreme  edge,  not  only  of  the  coral  reef,   whose  J*-|i 

thickness  would  not  account  for  so  much  false  dip  (which  amounts  \^ 

in  the  most  easterly  quarry  to  12^,  and  is  even  marked  at  18°  at  iJtl' 

mother  spot  on  the  map),  but  probably  of  the  Lower  Calcareous  \t^. 

Grrit  sandbank  also — a  conclusion  which  is  supported  by  the  fact  of  1mi 

its  apparent  sudden  termination  eastwards,   and  the   immediate  ISf 

luccession  of  Kimmeridge  (?)  Clay.  Nevertheless,  considering  it 
3oeval  with  the  Shotover  limestones,  it  is  of  supracoralline  age. 
Fhe  character  of  the  stone  here  is  variable  ;  but  it  contains  good  * jlji 

Gwing-stones.    There  are  blue-hearted  limestones,   grey    oolites,  ll^jK 

loose  oolitic  grit,   and  rubbly  oolite,  with  clay  partings  towards  |JS»- 

ihe  base.  ^^^t^ 

These  Wheatley  quarries  are  a  kind  of  expiring  effort  on  the  part  '-7^ 

)f  the  Corallian  formation ;  for,  magnificent  as  they  arc,  all  signs  of  -^> 

^em,  or  of  any  other  part  of  the  formation,  suddenly  disappear  on 
ihe  north-east  of  a  line  between  Stanton  St.  John  and  Hoi  ton.  Pro- 
lessor  Phillips  has  noticed,  in  his  '  Geology  of  Oxford/  that  the 
[<oWer  Calcareous  Grit  forms  what  we  may  call  an  isolated  sandbank 
it  Studley,  whence  he  has  named  some  fossils ;  but  of  the  vast 
spread  of  this  rock,  marked  in  the  Survey  map  between  Holton  and 
Brill,  not  a  trace  can  be  seen.  No  sand-pits  or  quarries  are  to  be 
leard  of;  and  the  whole  soil  indicates  a  stiff  clay  beneath.  Indeed 
he  Corallian  formation  has  died  out,  not  gradually,  but  suddenly, 
md  the  normal  pelolithic  formation  reigns  supreme. 

In  this  range  from  Westbury  to  Wheatley  the  most  remarkable 
eature  is  the  variety  exhibited  by  this  essentially  variable  set  of  beds,  '  ^ 

X  good  idea  of  which  can  scarcely  be  obtained  by  the  aid  of  words, 
rren  though  more  details  should  be  given.  We  therefore  present 
i  generalized  section  (fig.  8)  along  a  line  following  the  range,  with 
)ed8  at  a  moderate  distance  on  either  side  projected  on  it ;  so  that  it 
nust  be  considered  diagrammatic, and  the  thickness  only  approximate. 
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As  we  indicated  at  the  commencement,  it  is  not  our  object  in  this 
paper  to  correlate  the  various  deposits  described  with  what  may  be 
their  representative  portions  of  the  argillaceous  series ;  but,  for  the 
sake  of  indicating  the  possibility  of  such  a  correlation,  we  may  record 
the  fact  that  at  Ampthill,  the  place  after  which  Mr,  Seeley  has 
called  the  middle  division  of  the  clay,  we  have  found  in  the  de'bris 
of  the  railway-cutting  a  well-marked  spine  of  that  most  characte- 
ristic Corallian  fossil  Cidarxs  florigemma^  associated  vf\i\x  Ammonites  ^ 
plicatiUs^  Ostrea  gregaria,  and  Serpula  intestinalis,  t 

We  do  not  propose  either  to  enter  into  a  complete  discussion  of  I 

the  "  Elsworth  Rock ''  of  the  same  geologist,  although  we  think  that  t » 

it  belongs  to  some  portion  of  the  time  during  which,  elsewhere,  f 

Corallian  rocks  were  being  formed,  and  should  probably  be  referred  I 

to  a  position  analogous  to  that  of  the  Lower  Calcareous  Grit.    Thus      '  ] 

much  appears  likely  from  the  character  of  the  fossils  in  the  rich  ! 

collection  in  the  Woodwardian  Museum,  among  which  we  may  note  ] 

the  following — Ammoiiites  vertebralisj  A,  goliathtts,  A,  convolutus, 
A.  peramuUuSy  Pleurotomarla  Mwisteri,  Astarte  ovata,  Citcullcea  da- 
thrata,  Lima  elliptica,  Avicula  ovalis,  Millericrinus  echinatus,  and 
many  others  pointing  to  a  lower  horizon.  As  we  are  promised  a 
description  of  the  whole  by  their  discoverer,  and  the  mass  of  rock 
is  80  isolated  amidst  the  clays  as  to  render  its  correlation  greatly 
dependent  on    them,  we   must  pass  over  any  further  discussion. 

The  same  may  be  said  of  the  Red  Rock  of  St.  Ives,  which  imme- 
diately overlies  the  fossiliferous  Oxford  Clay.  This  slightly  exposed 
band  has  yielded  several  fossils,  of  which  the  following  have  been 
recognized — Ammonites  mrdatu^^  Pleurotomaria  Miinsteri^  Pecten 
leM^  P.  suhtertorivs^  P.Jibrosvs,  Ostrea  gregaria^Waldheimia  Hvdle- 
$tontj  Pseudodiadema  verslpora,  Colly  rites  bicordatus,  and  (!)  Cidaris 
Jlorigenxma. 

These  seem  to  indicate  that  it  belongs  te  some  part  of  the  age  of  |JP* 

the  Lower  Calcareous  Grit,  or  even  higher.  H  >. 

lY.  The  Cambeidge  Reep. 

The  well-known  though  very  inaccessible  exposure  of  Corallian 
beds  at  Upware,  between  Cambridge  and  Ely,  demands  a  more 
careful  description.  It  has  been  partially,  but  not  very  fully  de- 
scribed by  Mr.  Bonney  in  his  '  Geology  of  Cambridgeshire,'  in  which 
he  correlates  it  with  the  lowest  portion  of  the  Corallian  region,  on 
account  of  ite  containing  Cidaris  Jlorigemma — a  reason  which  would 
make  us  assign  it  te  nearly  the  highest.  It  has  always  been  called 
Coral  Rag,  except  by  Mr.  Seeley,  who  denominates  it  *'  Upware 
Limestene  "*,  and  places  it  in  the  series  above  the  clay  equivalent 
of  the  Coral  Rag.  After  a  comparison  of  it  with  the  Coral  Rag  of 
other  areas,  ite  age  and  nature  are  left  in  no  doubt  whatever. 

The  position  of  the  Corallian  beds  is  well  known  ;  they  form  the 
basis  on  which  lie  the  phosphatic  nodules  and  Neocomian  sands. 

There  are  two  distinct  openings  in  which  the  rocks  may  be  well 

*  Index  to  the  Foesil  Remains  of  Aree,  Omithosauriaj  and  Beptilia.  1669. 
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studied.  The  best-known  is  the  one  at  the  south,  not  far  from  tlie 
Inn  called  ^*  Fire  miles  from  anywhere."  Here  the  extremity •»£  a 
low  plateau  is  cut  into  by  a  shallow  quarry,  in  which  the  beds  dip 
N.  by  W.,  at  an  angle  of  about  4°,  so  as  to  expose  on  the  whole 
about  20  feet.  Oenerally  described,  it  is  entirely  a  creamy  white 
but  rather  irregular  limestone,  in  parts  crystalline.  It  containB, 
however,  several  layers  of  considerable  size,  composed  of  T^amita- 
strMi  arachnoicUs,  BhahdophyUiaj  &c  Between  the  more  crys- 
talline portions  are  some  more  earthy  parts,  containing  abundance 
of  shells,  some  complete,  but  others  almost  rolled  into  oolitic  gra- 
nules. The  fossils  in  some  beds  have  entirely  perished,  leaving,  how- 
ever, external  casts,  with  loose  internal  casts  inside.  The  cortds  and 
other  fossils,  of  which  a  list  is  given  below,  prove  this  to  be  the  true 
Coral  Bag  as  we  have  restricted  the  term.  It  is  not  so  rubbly  as 
many  of  the  Rags  are,  but  compares  well  in  some  portions  with  that 
which  occurs  in  Yorkshire,  at  North  Grimston.  It  has,  however, 
in  some  cases  a  peculiar  creaminess  about  it  that  is  hard  to  match 
elsewhere.  It  has  vefy  occasional  admixtures  of  clay,  but  as  a  rule 
may  be  considered  exceptionally  pure.  The  irr^^larity  of  the 
bedding  is  an  indication  of  its  reef-like  character,  to  which,  and  not 
entirely  to  denudation,  its  termination  may  be  due. 

The  fossils  obtained  by  ourselves  at  this  pit  are  as  follows : — 


Emarsinula  GoldfuBsi  {Rom.). 
Littonna  muricata  TSoio.). 
Turbo  princeps  (  Croldf.). 
Ohemnitzia  heddine^nensis  {Sow.). 
Neritopsis  Guerrei  {Hib.  ^  Ded.)  and 

operculum. 
Oenthium  muricatum  {Sow.). 
Fholadomya  deoemco8tata(frc^.). 
Astarte  ajtonensis  {Mor.  j"  Lye). 
Trigonia  Meriani  (Ag.). 
LithodomuB  indusus  (PA.). 
Opis  virdunensis  {Buv.), 

lunulata  {Buv.), 

oorallina  {Dam.), 

-»  8p.  {cf.  paradoxa,  Buv,). 

Phillipsi  {Mor.).  Tar. 

Cypricardia  glabra  {Bl.  j-  H.). 
Area  quadrisulcata  {Sow.). 


Area  peotinata  (PA.V 

contracta  (PA.) 

Isoarca  texata  ( Q^^)• 

multistriata  (Et.) 

G^rrillia  aTiculoides  {Sow.). 

lima  rigida  (Sitw.). 

Pecten  Timinens  (iSow.). 

Anomia  suprajurensis  {Buv.), 

Ostrea  BoUtaria  {Sow.). 

Exogyra  nana  {Sow.), 

Bhynchonella,  Bmall  upeoies. 

Crustacean. 

Oidaris  florigemma  (PA.). 

Pentacrinus. 

Thamnastraea  arachnoides  (Porlr.). 

Isaetraea  explanata  {Gold/.), 

MontliTaltia  dispar  (PA.). 

Bhabdophyllia  Phillipei  {Edw.). 


This  remarkable  fauna,  with  its  Rhynchondla^  Crustaceans,  and 
various  peculiar  molluscan  species,  shows  how  much  our  lists  depend 
upon  the  conditions  of  deposit  of  the  beds,  though  we  should  natu- 
rally expect  somewhat  of  an  exceptional  fauna  in  a  reef  so  far  sepa- 
rated from  all  others  as  this  appears  to  be. 

The  second  exposure  of  Corallian  beds  in  this  neighbourhood  is 
at  the  northern  end  of  the  same  low  plateau.  On  entering  this 
quarry  we  see  at  once  we  have  to  do  with  a  very  different  type  of 
rook.  Here  the  creamy  and  coral-bearing  limestones  are  not  to  be 
Been  ;  but  their  place  is  taken  by  coralline  oolite  with  large  grains 
in  well-marked  beds,  separated  by  soft  oolitic  brash,  which  is  also 
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of  Bome  thickness  on  the  top,  the  total  seen  being  about  12  ft.  The 
fauna  here  too  is  much  more  scanty,  and  of  a  different  character,  the 
most  abundant  fossils  being  the  Echinoderms  Echlnobrissus  sciUatus 
and  Holectypus  depressits^  which  are  pretty  numerous.  The  other 
fossils  noted  were  Littorina  muAaita  (YQ,r,),G€rvillm  aviculoides,  and 
OpUPhilUpsi.  This,  then,  is  not  t-o  be  confounded  with  the  former 
quarry,  but  viewed  as  an  example  of  what  we  have  seen,  and  shall 
see  to  occur  often — an  oolite  underlying  the  Eag.  The  beds  here 
dip  to  the  south,  or  in  an  opposite  direction  to  those  of  the  Rag- 
pit;  so  that  there  is  a  synclinal,  in  which  are  found  the  Neoco- 
mian  sands.  The  presumed  section  of  this  reef  is  therefore  as  in 
fig.  9. 

Fig.  9. — Presumed  Section  near  Upware,  Cambridgeshire. 
(Length  of  Section  about  1  mile.) 

Booth  Phoiphato  North 

pit,  diggings.  pit. 


I.  Coralline  Oolite.  2.  Coral  Rag.  3.  Neocomian. 

It 

It  is  much  to  be  regretted  that  more  exposures  are  not  to  be  l^ 

found  here,  as  we  have  no  indication  of  the  Lower  Calcareous  Grit,  S^ 

which  probably  exists.     The  plateau,  however,  is  surrounded  by  J3I 

fen  ;  and  it  is,  so  to  speak,  quite  a  chance  in  the  irregular  pre -fen  -3' 
denudation  that  has  given  us  what  we  have,  as  it  is  possibly  only  a 

fragment  of  a  larger  mass.  ^^^ 


Y.  The  Yorkshiee  Basin. 

The  Corallian  beds  of  this  area  are  completely  cut  off  from  all  the 
previously  described  ones  by  a  long  belt  of  country,  extending 
through  the  counties  of  Norfolk  and  Lincoln,  where  no  such  beds 
are  developed,  but  where  the  Kimmeridge  gradually  passes  into  the 
Oxford  Clay.  The  most  southerly  portion  of  the  Yorkshire  Coral- 
lian area,  under  Acklam  Wold,  is  distant  130  miles  in  a  direction 
N.  by  AY.  from  the  coral  reef  at  Up  ware.  The  stratigraphical 
features  which  in  East  Yorkshire  characterize  the  whole  of  the 
Jurassic  deposits  are  seen  in  these  beds,  which,  from  whatever 
cause,  are  grouped,  like  the  rocks  below  them,  in  a  basin  round  the 
vale  of  Pickering.  They  have  a  development  of  great  thickness  and 
variety,  unequalled  even  by  the  thickest  and  most  varied  portion  of 
the  Weymouth  district.  We  do  not  forget  that  in  this  area  the 
original  subdivisions  were  made  out  by  PhUlips,  and  that  his  iden- 
tifications and  figures  of  the  fossils  are  amongst  the  most  important 
parts  of  our  knowledge  of  the  beds  in  England.  Notwithstanding 
this,  the  information  conveyed,  even  by  his  last  edition,  is  very 
meagre,  and  leaves  much  to  be  desired  ;  nor  do  we  know  where 
else  to  look  for  any  additional  details,  except  an  occasional  refer- 
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ence  by  Br.  Wright,  Dr.  Lycett,  or  other  writers  in  the  monographs  of 
the  Palaeontographical  Society. 

One  of  us  has  recently,  in  a  communication  to  the  Geologists' 
Association,  endeaToured  to  a  certain  extent  to  supply  the  want  as 
regards  the  lower  beds  ;  but  the  upper  portion  is  now  no  better 
known  by  publication  than  after  the  year  1829.  It  would  scarcely 
be  right,  however,  to  omit  the  mention  of  Young  and  Bird,  who 
snpphed  some  interesting  details,  especially  about  Grimston  and  ^ 

La^gton    Wold,   and   who  showed  themselves    careful    observers, 
though  unfortunately  they  mixed  the  various  oolites  together. 

The  absence  also  of  the  published  maps  and  sections  of  thia 
district  by  the  Geological  Survey  will  render  more  description  and 
strati  graphical  details  necessary  on  our  part. 

Even  in  this  one  region  there  are  considerable  differences  of 
development  in  its  several  portions,  and  it  is  only  by  an  extended 
study  that  we  can  hope  to  arrive  at  the  true  history  of  the  depo- 
sition of  the  beds.  It  will  therefore  be  most  convenient  to  sub- 
divide the  Yorkshire  Corallian  area  into  districts  where  the  develops  ^ 
ment  is  fairly  similar,  and  note  the  gradual  change  from  one  into  mS^ 
the  other,                                                                                                                         JW 

For  the  sake  of  convenience,  we  arrange  our  description  under  J*^ 

the  four  following  heads ; —  J- 

1.  The  Scarborough  District.  25^ 

2.  The  Pickering  District.  -  3^ 

3.  The  Hambleton  District,  "jS 

4.  The  Howardian  District.  ^^, 

f*  •,. 

Although  we  class  all  these  together  under  the  head  of  the  York-  jfe^: 

ghire  Basin,  in  magnitude  and  importance  they  are  scarcely  less  Ml 

than  the  whole  of  each  of  the  other  of  our  subdivisions.  ^^ 

1.  The  Scarboeoxjgh  District.  "t  ^ 

In  this  we  may  include  the  area  between  Filey  and  Brompton  on  the 
south  and  Scarborough  and  Hackncss  on  the  north  (see  Map,  fig.  10). 
In  the  eastern  portion  of  this  area,  excepting  the  outlier  of  Scar- 
borough Castle  Hill,  the  beds  have  a  general  dip  rather  to  the  west 
of  south ;  but  at  Ayton  the  strike  changes,  and  the  dip  becomes 
one  to  the  S.E.  From  the  sea-coast  as  far  as  Brompton  the  newest 
beds,  as  a  rule,  occupy  the  lowest  and  most  southerly  portion  of  the 
district,  and,  with  one  trifling  exception,  the  lowest  beds  occupy 
the  highest  ground  in  the  direction  of  the  outcrop. 

As  one  of  us  has  so  lately  published  a  detailed  description  of  the 
sections  to  be  seen  at  Filey  and  Scarborough  *,  we  here  need  only 
include  what  is  necessary  for  reference  to  the  other  parts.  Having 
measured  these  beds  independently  of  each  other,  and  yet  agreeing 
in  our  description,  we  submit  the  section  with  some  confidence,  only 
premising  that,  as  the  beds  vary  in  thickness  within  short  distances, 
some  latitude  may  be  allowed  on  this  score. 


*  Proceedings  of  the  Geologista'  Association,  toI.  i\.  p.  365  e(  teq. 
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Section  at  Fiky,  in  descending  order,  according  to  the  grouping 
adopted  in  the  Paper  already  referred  to. 


ft  in. 
5    O 


A.  The  Upper  Calcareous  Series. 

1.  Broken   thin-bedded    oolites    (Coralline   Oolite),    containing   a 

few  fossils — Cerithium  linu^orme,  ActaontnOj  Echinobrusus  «0«- 
tattts^  Hok/^fi/pus^  &JQ about 

2.  Coarse  grittj  limestones,  with  large  oolitic  granules,  divided  by 

and  occasionally  thinning  off  into  yellow  calcareous  grits.  These 
iu  tlieir  upper  port  gradually  shade  off  into  the  oolite  above,  and 
are,  in  short,  a  sort  of  passage-beds  between  these  oolites  and  the 
grit  of  Filey  Brigg 8    O 


The  fossils  of  A.  2  are  tolerably  numerous. 
determine  the  following : — 

c.       Ammonites  cordutus,  Sow, 
c.       goliatlms,  D'Orb, 

plicalilis,  Sow. 

perarmatus,  Sow,; Y%r,  c. 

ChemniUia  heddingtonensis,  v.c. 

Sow,  V.  c. 

Nerina:a,  ep. 

Littorina  muricata.  Sow.,  Tar. 

Pleurotomaria  Miinsteri,  Bim. 
V.  c.  Exogyra  nana.  Sow. 
t?.  e.  Pecien  fibrosus,  Sow. 

yimineus,  Sow. 

Lima,  sp. 


We  have  been  able  to 


lima  elliptica,  Whiteaves. 
G^rvillia  ariculoides,  Sow.  {yerj 

large). 
Trigonia  (olaTellate  sp.). 
Lucina  Beanii,  Lye. 

,  sp.  (cf.  lirata,  PkU.). 

Astarte,  sp. 

Sowerbya  triangularis,  Pkd. 
Pholadomya  decemoo8tata,i?Mt. 
Myacites  jurassi,  Brongn, 
Greeslya  peregrina,  PHl. 
Goniomya  literata.  Sow. 

ft.  in. 


B.  Massive  yellow  calcareous  grits,  poor  in  lime ;  in  some  situations 

laminated  towards  the  base ;  contain  a  very  large  Tarietr  of  Os- 
trea  butlata,  Sow.,  with  occasional  specimens  of  Avicula  ovalie 
and  Perwa  g-Kflk^ra/a— Filey-Brigg  Calc-Grit  10    0 

C.  The  Lower  Calcareous  Series. 

1.  Thin  alternations  of  hard  blue  gritty  limestones,  and  softer  yellow 

cale-grits.  About  4  feet  from  the  top  occurs  a  rough  oolitic 
limestone  in  two  beds,  with  Chemniteia  heddingtonensis  and 
some  ol  her  fossils.  The  lower  portions  are  sandy,  but  contain 
stray  specimens  of  RhynchoneUa  Thurmanni  and  some  of  the 
commoner  forms  of  the  Lower  Calcareous  Grit 15     0 

2.  Suboolitic  gritty  limestones  and  calc-grits,  full  of  dichotomizing 

forms,  are  highly  fossiliferous,  especially  as  regards  Brachiopoda^ 
a  circumstance  which  distinguishes  them  at  once  from  the  lime- 
stones  aboye  the  Filey-Brigg  Calc-Grit 11     0 

of  C.  2  which  we  haye  been  able  to 

Isocardia  tenera,  Sow,  (tumida,  Ph,), 
Fleuromya,  sp. 
Terebratula  fileyensis,  Walk. 
Waldheimia  Hudlestoni,  Walk, 

bucculenta,  Sow, 

c,  Bhynchonella  Thurmanni,  VolU. 
Fseudodiadema  yersipora,  PAt7. 

(smaU). 
Acrosalenia  decorata,  Haime  (small). 
Echinobrissus  soutatus.  Lam. 
Astropeoten  ?  (plates). 
Millericrlnus  echinatus,  Goldf, 
Serpula  trioarinata.  Sow. 


The  following  are  the  fossils 
determine : — 

Belemnites  hastatus,  Blainv. 

Nautilus  heiagonus,  Sow. 

Ammonites  cordatus,  Sow, 

—- —  goliathus,  D^  Orb, 

perarmatus.  Sow.,  yar. 

V,  c.  ExogjTa  nana,  Sow, 

Ostrca  solitaria,  Sow, 

,  sp.  {cf.  flabelloiden,  Lam,). 

(gigantic  form). 

Gryphfl^  dilatata.  Sow, 

Pecten  fibrosus,  Sow, 
r.       Gervillia  ariculoides,  Sow. 

Trigonia,  sp. 
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The  beds  underl3ring  those  above  detailed  belong  to  the  Lower 
Icareoxis  Grit  proper,  which  may  be  deemed  to  termiuate  up- 
irds  with  the  remarkable  series  of  "  ball-beds  "  so  characteristic 
Filey  and  of  the  coast  section  generally. 

The  Lower  Calcareoiw  Grit  proper.  fl.    in. 

1.  Soft  calcareous  sands,  with  huge  doggers,  in  three  or  four  layers, 

oflen  containing  nests  of  fossils.  The  fauna  of  these  beds, 
though  scantier,  includes  some  of  the  fossils  of  those  immedi- 
•tely  above  (O.  2).  Rht/nchouella  Thurmanni  is  still  tolerably 
aboiidant.  We  noted  also,  besides  some  of  the  usual  forms, 
Iri^afiia  trifiietra  ?  Von  Sei^b.,  Pecteti,  sp.  (cf.  vlmineus,) 
Pinna  laneeolato,  Ostrea  solitaria,  Col/yrifes  hicordatus — princi- 
pally t^jwards  the  base 12-16      0 

2.  The  abore  group  is  based  upon  a  hard  gritty  blue  rock,  divided 

into  two  h^d%  which  is  sometimes  rather  liberty,  and  may  be 
distinguished,  both  on  the  scar  and  in  the  cliff  to  the  westwards, 
b>-  its  mural  outhne,  which  is  brought  into  relief  owing  to  the 
K>f^  nature  of  the  overlying  "ball-bed"  sands— fossils  chal- 
cedonized* 6       8 

3.  The  rest  of  the  Lower  Calcareous  Grit  proper  consists  of  hard 

blue  siliceous  limest^mes  and  lines  of  doggers  alternating  with 

softer   grits.     In   many  cases   the   fossils   are   chaleedonized.  «l^ 

Amongst  the  most  noteworthy  are  Belemnites  hcLstatus,  Ammonites  a^ 

perarm/itifs   (rounded,  thick-whorled  form,  with  verj'  promi-  •>- 

Dent  spikes),  A.  eordfttu^,   Gry-phma  ddatida,  Pecten  JihrosuSf  '^' 

Ptrna    quadtata,   Rhynckonella    Thurmanni^   and   Asiropecten  *»^ 

rectus.    The  total  tliickness  down  to  the  Oxford  Clay  is  about    40      0  Ql' 

The  lower  part  of  the  Filey  section,  as  far  as  the  top  of  the 
ball-beds,"  which  gives  an  horizon  readily  recognized  both  on  the  *  »n 

oast  and  in  the  interior,  is  easily  correlated  with  the  Lower  Cal-  J2 

weous  Grit  proper,  of  which  the  ball -beds  may  be  view^ed  as  the 
»p.  But  the  various  beds  which  overlie  the  ball-bed  on  the  Filey 
Tomontory  can  only  be  satisfactorily  correlated  after  a  comparison 
pith  the  interior,  on  which  subject  we  must  refer  to  our  subsequent 
emarks.  It  may  be  as  well  to  notice  here,  however,  that,  as  the 
everal  formations  are  traced  along  the  cliff  in  a  direction  W.N.W. 
awards  Newbiggin  Wyke,  the  Filey-Brigg  ealc-grit  (B)  and  the 
rhole  of  the  Upper  Limestones  (A),  crop  out  and  disappear  close  to 
'iley  Spa.  The  Lower  Calcareous  series  (C),  on  the  contrary, 
laintains  its  thickness  and  general  character ;  and  its  upper  beds 
C.  1)  are  becoming  so  calcareous  and  oolitic  that  they,  together 
robably  with  a  portion  of  the  lower  part  (C.  2),  have  formerly  been 
xtracted  for  lime.  The  remnants  about  the  old  lime-kilns  con- 
lusirely  prove  that  the  fauna  Ls  that  of  the  series  helow  the  Filey- 
Jrigg  calc-grit — GervilUa  avictiloides,  Bhynchonella  Thurmanni,  and 
icTomhnia  decorata  being  amongst  the  most  conspicuous  fossils. 
rhe  lithology  is  equally  clear,  as  also  the  position  of  these  lirae- 

*  We  are  informed  by  Mr.  Fox  Strangways  that  this  mural  band  beneath 
he  ball-beds  is  very  persistent,  and,  like  them,  may  be  traced  into  the  interior, 
'bere  it  often  forme  the  cap  of  the  escarpment  salients.  This  bed  also  forma  a 
prominent  feature  in  the  section  of  Scarborough  Castle  Hill  just  under  the  ball- 
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ones  with  reference  to  the  ball-beds,  which  they  immediately 
rerlie.  This  suboolitic  phase  of  the  Lower  Calcareous  series  in  a 
jftherly  direction  is  important,  as  it  tends  to  exhibit  a  link  between 
le  oolite  of  the  Lower  Limestones  presently  to  be  described  and 
le  somewhat  abnormal  development  of  its  presumed  equivalents  at 
iley ;  and,  as  will  be  seen  in  the  sequel,  it  gives  a  means  of  more 
«urately  correlating  the  overlying  grit  (Filey-Brigg  calcareous  grit). 
In  Oliver's  Mount  only  the  lower  beds  of  the  Lower  Calcareous 
rit  occur.  These  are  quarried  for  building-stone,  and  contain  but 
w  fossils.  Avlctda  braamhuriensiSy  Phil.,  Modiola  bipartita,  How., 
rujonia  Bronnii,  Ag.,and  Rhynchonellu  lacimosa,  Bchlot.,  are  quoted 
om  here. 

We  must  now  follow  the  Corallian  series  into  the  interior ;  and, 
J  way  of  introduction  to  its  development  in  the  inland  portion  of 
LT  eastern  or  Scarborough  district,  we  submit  a  section  at  the 
outh  of  Forge  Valley  (fig.  11).  The  gorge  of  the  Derwent,  which 
isses  completely  through  the  Tabular  Chain,  debouches  into  the 
Je  at  the  village  of  Ay  ton.  In  so  doing  it  cuts  across  the  several 
rmations  as  they  dip  to  the  south ;  and  as  the  dip  is  more  rapid  j^ 

an  the  surface-slope,  we  continue  to  meet  with  higher  beds  in  £K 

at  direction.     The  section  is  as  follows,  the  thicknesses  ascribed  jW 

the  beds  being  perhaps  somewhat  in  excess : —  2*' 

Upper  Limestones.  ft.  in.  '•V 

a.  Coral  Rag  (Seavegate) a 14  0  ^. 

A.  Coralline  oolite  of  Seamer  (Seavegate)     25  0  JX" 

*•  Intermediate  Series  "  (c  of  fig.)  (above  the  White  Quarry) 34  0  33^ 

Lower  Limestones. 

d.  Coralline  oolite  of  Scarborough  Caatle  (White  Quarry) 33  0 

i.  Upper  portion  of  the  basement  or  passage-beda  (White  Quarry  "I  X9 

and  Greengate) I  30  0  Cj|. 

J  5*^ 


f'.  Lower  portion — ferruginous  (Greengate).. 

Total  thickness  of  beds  between  the  top  of  the  Lower  Calca- 
reous Grit  proper  ajid  the  top  of  the  Coral  Rag 136    0 

The  above  section  has  been  constructed  with  the  view  of  showing 
le  8e<^uence  of  the  Corallian  Limestones ;  and  it  may  be  deemed  a 
)od  introduction  to  the  study  of  their  development  in  Yorkshire, 
3ing  far  more  complete  than  any  thing  seen  on  the  coast.  The 
west  group  of  all  (e)  is  a  thick-bedded  fernigineo-calcareous  grit, 
aarried  for  building  towards  the  N.N.W.  eud  of  the  section  at 
reengate.  It  contains  Lirrui  Imniisculu  (peculiar  coarsely- ribbed 
>nn)^  Gervillia  avwidoide.$  (very  large),  Pecten  Jlbrostts,  Rkyncho^ 
tUa  Thurmanni^  Millericrinus  echinatuSy  &o.  The  upper  portion 
0  of  the  passage-beds  of  the  Lower  Limestones  is  thinner-bedded, 
eing  generally  an  impure  splintery  limestone,  with  occasionally 
olitic  structure.  This  upper  portion  has  irregular  shell-beds  ;  and 
ne  may  be  noti»d  at  the  foot  of  the  White  (iuarry,  containing  nume- 
0U8  MyociUs^  along  with  three  very  characteristic  fossils,  viz.  CyUn- 
^rites  elongfitnSy  Gei-villia  avkuhides^  and  RhynchoruUa  Thurmanni, 
J.  G.  S.  No.  130.  T 
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The  oolite  of  the  Lower  Limestone  (d)  is  fully  seen  in 
"White  Quarrj,"  where,  exclusive  of  the  impure  limestones  aasij 
to  the  preceding  group,  it  has  a  thickness  of  about  33  feet,  meas 
to  a  projecting  sheet  of  impure  broken-shell  limestone,  which  f 
the  base  of  the  *'  Intermediate  Series."  It  is  rather  unfossilifi 
here,  as  is  the  case  with  the  oolites  of  the  Lower  Limestones 
few  large  Gervilluv  and  a  stray  CyUndriies  were  noted ;  and  1 
are  also  undeterminable  specimens  of  Nerinasa, 

The  *'  Intermediate  Series  "  (B,  c)  of  our  section  is  rather  an  i 
trary  group,  and  one  difficidt  to  define.  We  take  as  its  ba» 
lowest  sheet  of  gritty  shelly  limestone  which  projects  abov< 
softer  white  oolite  in  the  '*  White  Quarry."  This  lowest  portion 
places,  a  blue-hearted  stone  with  impure  brashy  partings  of  cons 
able  thickness,  and  is  petrologically  distinct  from  the  beds  below. 
lower  middle  portion,  which  may  be  seen  by  dint  of  scramblii 
the  steep  slope  above  the  quarry,  is  softer  and  more  gritty ;  ^ 
the  up]>er  portion  is  more  oolitic,  being  frequently  conspicuot 
quantities  of  large  Chemnitz ia^  as  may  be  seen  in  the  cutting  i] 
Seavegate-road,  where  the  lowest  beds  visible  belong  to  this  g 
Here  about  10-12  feet  of  buff  hackly  impure  oolite  and  other 
stone  is  exposed.  In  assigning  a  thickness  of  34  feet  to  the  *'  I 
mediate  Series,"  we  consider  it  to  terminate  with  the  highesi 
beneath  the  oolite  that  we  recognize  as  identified  with  the  be 
Searaer  Quarry  (presently  to  be  described).  This  estimat 
perhaps,  somewhat  in  excess. 

The  whole  series,  however,  is  so  highly  calcareous,  and  sc 
quently  oolitic,  that  the  upper  line  especially  is  hard  to  trace 
it  may  be  asked  why  these  beds  should  be  separated  from  the  '. 
stones  above  and  below.  The  reason  is,  that  here,  and  especia 
the  lower  middle  portion,  certain  gritty  appearances  occur. 
this  horizon,  therefore,  we  must  look  for  the  representatives  c 
vast  mass  of  grit  which  further  westward  is  seen  to  separat 
two  limestone  series.  This  grit  will  be  referred  to  subsequeni 
the  Middle  Calcareous  Grit ;  and  where  that  distinction  can  be 
drawn,  the  calcareous  equivalents  of  our  "  Intiermediate  Series ' 
usually  be  referred  to  the  Upper  and  Lower  Limestones  respect 

The  Upper  Oolite  (6),  or  Coralline  Oolite  of  Seamer.     These 
may  be  seen  in  a  small  quarry  close  to  the  top  of  Seavegate,  o 
road  from  Ay  ton  to  Hackness  (just  above  d  in  the  word  "  ro 
Astarte  Dahohiana  and  a  few  BJuihdophyUicR  may  be  noted, 
is  seen  to  underlie  the  regular  TAiamncwtrcwi-Rag  (a)  of  the  di« 

The  Coral  Rag  (a)  has  a  thickness  of  14-16  feet  in  the*  i 
quarry,  but  appears  to  thin  out,  or  to  have  been  denuded  off  o 
rise.  As  the  gravel  {x)  slips  over  the  side  of  the  hill,  its  presei 
absence  is  more  or  less  a  matter  of  conjecture ;  but  coral  do 
may  bo  noted  on  both  sides  of  Seavegate  Gill.  In  the  direct! 
the  dip  the  Kag  maintains  its  full  thickness  through  the  vill« 
East  Ay  ton,  where  it  is  quarried  down  to  the  level  of  the  rive] 

We  have  thus  a  total  thickness  of  about  130  feet,  made 
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limestones  of  varying  degrees  of  purity  with  but  little  intervening 
grit,  a  sequence  not  to  be  met  with  perhaps  in  an  equal  space  in 
any  other  locality.  If  we  are  to  find  the  representative  of  the 
*'  Filey- Brigg  Calcareous  Grit ''  here,  it  must  be  in  some  portion  of 
the  Intermediate  Series,  whose  equivalents  both  to  the  east  and 
west  contain  a  greater  amount  of  arenaceous  matter. 

The  next  step  is  to  trace  the  development  of  the  several  portions 
of  the  series  here  indicated,  as  they  occur  elsewhere  in  the  Scar- 
borough district. 

The  Lower  Lhnestoms. — To  the  east  of  the  Derwent  Gorge  the 
basement  beds  on  their  outcrop  are  so  markedly  ferruginous  as  to  be 
easily  traced  ;  and  this  is  a  fortunate  circumstance,  as  they  constitute 
a  reliable  datum  line.  Following  the  outcrop  towards  Scarborough, 
we  find  them  as  flaggy  ferruginous  limestones,  used  for  walling,  and 
much  made  up  of  broken  shells — the  Hackness  type.  On  Irton 
Ifoor,  where  they  crop  out,  we  noted  Ammonites  WiUiamsoni  and 
At*icul<i  expaiisa. 

It  is  just  possible  that  towards  the  base  of  the  Lower  Oolite 
there  may  be,  in  places,  a  slight  development  of  a  Lower  Coral 
Rag,  such  as  we  shall  see  to  be  the  case  at  Hackness  in  a  similar 
poi$ition.  These  indications  should  be  sought  in  the  high  plateau 
east  of  the  line  of  section,  where  the  beds  crop  out  in  succossion. 
The  fields  hereabouts  contain  tSpongm  fiorkepSj  and  curious  lumps, 
such  as  may  frequently  be  noted  in  fields  having  corals  under- 
neath. The  characteristic  fossils  of  this  horizon,  tu wards  the  base 
of  the  Lower  Oolite,  such  as  (Jylindrhes  elongatus^  Ga-villia  avicu- 
loideSy  and  Rhyn£lwtieU<i  Thurmanai^  may  be  noted  in  a  small 
qnarr\'  of  greyish  limestone.  This  is  probably  the  outcrop  of  the 
beds  towards  the  base  of  the  '*  White  Quarry"  (fig.  11),  Further 
eastwards  there  are  no  very  definite  indications  whereby  we  can 
judge  the  character  and  value  of  the  Lower  (Jolite. 

The  section  on  Scarborough  Castle  Hill  (fig.  12),  though  imperfect 
towards  the  top,  is,  however,  an  exception,  as  it  exhibits  the  Lower 
Limestones  very  well  indeed. 

The  close  correspondence  between  this  section  and  that  of  Forge 
Valley  is  remarkable,  the  thickness  and  general  development  of  the 
several  subdivisions  being  well  maintained.  Commencing  our  com- 
parison bove  the  ball- beds,  we  have  (B.  6,  17  feet)  the  "  red 
beds,"  evidently  the  equivalents  of  e'  of  the  Forge-Valley  section. 
Their  ferruginous  character  is  still  maintained  at  Scarborough ;  but 
the  petrology  is  more  that  of  the  Hackness  type.  The  next  series 
(B.  a,  11  feet)  corresponds  to  e  of  the  Forge- Valley  section,  and 
contains  the  characteristic  fauna  of  this  horizon.  But  it  happens 
here  at  Scarborough  to  be  unusually  rich,  containing  some  very 
shelly  beds,  from  which  the  following  are  amongst  the  species  which 
have  been  determined : — 
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0.      Cylindritee  elon^ua,  FkU, 
V.  e,  Gferyillia  aTiouloides,  Sow, 
Ayicula  OTalis,  Phil, 
Astarte  Duboisiaiia,  If  Orb, 
Trigonia  (clayellate  form^. 
c.      Sowerbya  triangularis,  Pnil, 
GresBlya  peregrina,  Phil. 
Myadtea  recurrus,  PhU, 
juraBfii,  Brangn. 


IlhyiiohonellaTharmaiini,SdUE 
Waldheimia  Hudleetoni,  Wail 
Echinobriwus  Boutatus,  Lam, 

'  fP*. 

Millericrinas  eohinatua,  Phil, 

BhabdophylUa  (fnemenU). 

Spongia  florioepa,  FkU, 

Manon,  ap. 


The  above  groups  (B.  a  and  6),  having  a  thickness  of  28  feet,  coi 
stitute  the  Passage-beds  of  Mr.  Fox  Strangwajs,  and  will  snbsi 
quently  he  referred  to  under  that  title.  It  follows,  therefore,  thi 
the  oolite  of  Scarhorough  Castle  Hill  (A  of  fig.  12)  is  no  oth( 

Fig.  12,^Sect{on  of  the  Upper  Pari  of  Scarborough  Castle  HiU. 


n      n      n        j> 

A       <    ,,.r-7r>^ir>< 


11  "      !l    "     II   "ii     '^■^ 
TT II  II      5J 

— If— n— TT— n^— -J 


^ 


A.  Oolite   of  the  Lower 

Limestones,  locally 
known  as  Coralline 
Oolite,  24  ft. 

B.  a.  Gritty    and     vari- 

able Limestonea  with 
shell  beds,  17ft. 
b.  Flaggy,  ferruginous 
Limestones,  very 
gritty ;  the  *'  re& 
beds/*  11  ft 
O.  c.  BaU-  \ 


C. 


^ 


beds, 
18  ft 
d.  An- 
gular 
cherty 
bed. 


Lower  Cal- 
careous 
Grit  pro- 
per. 


than  the  lower  oolite  {d)  of  the  Foi^ge-Valley  section ;  and  this  coi 
elusion  is  fully  warranted  hy  the  few  fossils  it  contains. 

To  the  west  of  the  Derwent  Gorge  the  Lower  Limestones  may  I 
seen  spread  out  over  the  surface  of  the  hills,  and  in  quarries  in  tl 
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rges  of  Yetmandale  and  Beedale.  The  basement-beds  are  gene- 
lly  very  tbick-bedded  and  highly  ferruginous,  as  near  the  Fann- 
oiaae  in  Beedale,  where  we  note  a  variety  of  Lima  gibbosa  found  on 
e  same  horizon  at  Scarboroagh.  At  a  higher  level,  in  oolitic  read- 
me quarries,  occurs  the  obese  Ammonites  fjoliathus ;  and  the  main 
us  of  the  lower  coralline  oolites  is  well  exposed  in  fine  quarries 
wut  a  mile  north  of  Wykeham,  though  there  are  few  fossils  beyond 
le  characteristic  GerviUia  aviculoides.  As  we  pass  a  little  to  the 
uth  of  Sawdon,  towards  the  boundary  of  the  district,  we  find  very 
laracteristic  exposures,  not  only  of  the  oolites  but  of  the  calcareous 
igs  beneath  them.  These  are  so  ferruginous  as  strongly  to  recall 
le  "  red  beds/'  weathering  into  red  as  they  do  in  the  fields,  though 
ley  are  white  in  the  roadways.  Several  of  these  beds  are  much 
iade  up  of  comminuted  shells,  and  are  fossiliferous,  pelding  Ammo- 
lie$  eordatuSf  CylindriUs  dangattu  {Bbvmd&nt),  Dentalium  entaloides^ 
feriiuBa,  sp.  (long  and  narrow),  Exo^yra  nana^  Pecien  fibrosm^  P. 
M,  Pema  quadrata^  GerviUia  avicuhidesj  Soiverhya  triangularis^ 
UtynckoneUa  Thurmanni, 
The  Intermediate  Series, — Where  the  beds  above  the  Lower  Calc- 
Irit  are  almost  entirely  calcareous,  and  the  change  from  the  Lower  to 
[ie  Upper  Oolite  is  made  through  beds  so  similar  that  the  line  of  de- 
larcation  is  arbitrary,  we  can  expect  to  distinguish  them  only  in  a 
innplete  section,  which  nowhere  else  can  be  so  satisfactorily  made 
Qt  as  in  the  Forge  Valley.  But  as  we  pass  westwards  and  approach 
n  area  in  which  this  part  of  the  CoraUian  Series  has  a  different  de- 
elopment,  we  meet  with  signs  of  the  change  ;  for  in  Sawdon  Lane, 
rerlying  the  shivery  Lower  Oolite,  according  to  the  dip  observed, 
re  see  indications  of  a  mass  of  yellow  sandy  and  purplish  blue  grit,  tjr 

1  places  semioolitic ;  and  overlying  this,  again,  we  seem  to  see  the  Cj^ 

pper  portion  of  the  intermediate  series  at  the  base   of  a  roadstone  3*»-:  ; 

oarry,  about  half  a  mile  N.N.E.  of  the  village  of  Brompton,  where  t^ 

re  have  the  following  section,  in  descending  order  : —  !>• 

ft.  in. 
.  Foidlifeixms  oolit«0,  showing  falBe-bedding.  Ch&mnUzia  heddingtonen- 

fit,  Trigonia  (davellate  and  coBtate),  Akarte  Duboumna  (common)  4  8 
L  Padebuffgritsandoolit6B  mixed.   Phasianella  .sMafa,  Pkurotomaria, 

•p.,  Esaayra  natia,  Avicula  ovalia^  GerviUia  aviculoide$,  Sowetbya 

triangularis,  Ludna^  sp. ;  also  wood,  and  curious,  vertical,  root-like 

marlongB  6    6 

I  Coarse-grained  gritty  oolite,  with  large  fossils.  Bel^mn  ifes  abbrematus, 

AmmmiUe perarmatfu^  ChemnUzia  heddingtonensis  (ver>'  large)  ...    4    0 

15    0 

Here  bed  No.  3,  by  its  large  Chemnitzias,  reminds  us  of  one  of 
he  upper  beds  of  the  same  series  in  Forge  Valley. 

The  Upper  Limestones. — These  have  long  been  known  at  Seamer 
kc  under  the  name  of  Coralline  Oolite  ;  they  are  well  developed  all 
ikmg  this  range,  and  have  numerous  exposures  on  the  hill- sides 
doping  south.  A  detailed  description  of  the  most  accessible  and  best- 
biown  quarry  will  give  an  idea  of  their  character. 


Diaitized  by  LjOOQIC 


326 


J.  F.  BLAKE  AND  W.  H.  HCDLBtSTON  OK 


Coral 


I 

1 


s 
s 


The 
Coral 
■bell- 

060. 


Section  of  the  Crossgates  Qriarry^  Seamer, 

ft 
/  Soil,broken  rock,  and  boulders  of  Ukanmatinea  o(meimta(TOvai^ 

1      head*)    2 

f  Oolite  in  a  buff  pasty  matrix,  with  a  bed  of  RkabdopkylUa  at 

thebaae 8 

Oolite  in  a  buff  pastj  matrix,  with  a  ehell-bed  at  the  baae. 
Nermaa  visurgts,  Trigonia  (oostate  ep.),  Lucina,  sp^  Jstartt 
Duboisiana,  spines  of  Cidaris  Smitnii,  and  a  few  delicate 

Bngon  of  Bhabdopht/Uia 2 

Thin  clay  parting 0 

Shelly  bed,  partially  oolitic.  Ammonttes  plicatUia,  Nerimma^ 
Lucina,  Asfarte  Ihtboinana,  many  RhabidophyUiiB  and  stray 

fragments  of  7^mfuu^<ea.     "Snake-bed    1 

Indurated,  cemented,  large-sized  pisolite,  with  an  occasional 

I      coral.     The  "ton  hard.  1 

^  The  Coral  shell-bea.    A  pale  grey  oolite,  rather  pasty ;  shells 

and  corals  Tery  sparry.    Fragments  of  Thecotmilia^  often 

prostrate,  and-  principally  in  the  upper  portion ;  Rhabdo- 

phyllia ;  a  few  lenticular  masses  of  Thamntutraa  towards 

the  base ;  Pecten  fihrosusy  Lima  ripda,  L.  densepunctata,  L. 

pectin^formis,  Perna  rugosa,  Trichttes,  Area  pecOnata,  spines 

of  Cidaris  Shnithii^  very  large;  megalomorpbic  faana.    There 

.      is  much  comminuted  shell  in  this  bed.   "  The  Bottom  Hard.**    2 

(  Bubbly  pisolite,  full  of  small  Exogyrtt ...  .  .    0 

Oolitic  series,  poor  in  shells,  with  an  occiisioual  brashy  parting ; 

excellent  lime    6 

Bubbly  pisolite,  full  of  small  Exogyra ;  contains  Echinohrissm 

jtctUaius,  Phasianella  striata,  Ac. ;  a  constant  parting 0 

*  Fine-grained  oolites,  making  excellent  lime ;  some  of  the  upper 
portions  of  the  beds  are  rather  lumpy,  owing  to  cadte  of  rna- 
sianella  striata,  and  to  nodules  which  may  represent  sponges. 
There  is  one  moderately  shelly  bed.  Exogi/ra  nana.  Pectin 
fibrosus,  GerviUia  aviemoidss,  Trigwiia,  Lurina,  &e.,  to  base 
of  quarry 6 


Below  this  the  beds  are  said  to  be  fair  limestones,  but  rather  grit 

To  any  one  acquainted  with  the  formation,  it  need  hardly  be  bi 

that  the  above  measurements  vary  in  different  parts  of  the  quan 

The  Coral  shell-bed,  for  instance,  varies  from  one  to  four  feet,  a 

encroaches  upon  the  subjacent  oolites. 

A  remarkable  feature  in  this  quarry  is  the  development  of  abc 
eight  feet,  or,  if  we  include  the  Coral  shell-bed,  of  about  ten  feet 
more  of  an  intermediate  g^oup,  which  may  fairly  be  said  to  form 
sort  of  passage  between  what  we  have  usually  termed  the  Coralli 
oolite  and  the  Coral  Rag.  In  most  instances  round  the  Vale 
Pickering,  Coral  Rag  rests  directly  upon  Coralline  oolite,  or,  as 
the  western  part  of  the  vale,  merely  with  the  intervention  of  two 
three  feet  of  a  Coral  shell-bed.  In  these  cases,  where  the  line 
demarcation  is  very  sharp,  there  has  probably  been  a  certain  amou 
of  submarine  denudation  before  the  surface  was  prepared  for  t 
coral-growth  ;  and  it  may  be  that  in  this  district  we  are  enabled 
inspect  a  class  of  beds  which  in  other  areas  have  been  remove 
The  fauna,  too,  is  of  a  somewhat  intermediate  character ;  but  tl 
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ibnndanoe  of  the  spines  of  CicU^ris  Smithii  serves  to  connect  it  with 
the  oreiiying  Bag. 

Of  the  identity  of  the  heds  here  exhibited  with  those  of  the  upper 
series  of  limestones  in  Forge  Valley  we  have  no  doabt ;  and  the  frag- 
mentary oolite  at  the  top  of  the  Filey  section  is  possibly  on  the  same 
horizon,  whilst  the  oolite  on  Scarborough  Castle  Eill  belongs,  as  we 
have  seen,  to  the  Lower  Limestones.  Towards  the  west  we  have 
traced  this  oolite  as  far  as  Brompton  still  retaining  similar  characters. 

The  rabbly  beds  containing  corals,  to  which  alone  we  apply  the 
name  of  Coral  Bag,  taking  the  term  in  a  petrological  sense,  are  in 
this,  as  in  other  districts^  very  distinct  from  the  beds  below.  They 
also  present  some  features  which  are  peculiar  as  compared  with 
similar  beds  elsewhere.  The  exposures  are  very  numerous  all  along 
the  edge  of  the  vale,  and,  from  the  abundance  of  fossils,  very  at- 
tractive. 

At  the  Crossgates  quarry  we  just  catch  a  glimpse  of  the  Coral  Bag, 
its  most  easterly  exposure,  though  it  has  been  proved  beneath  the 
soperficial  accumulations  at  the  Cayton  Waterworks  still  further  to 
the  eastward.  On  the  other  side  of  the  road  a  ten-  or  twelve-foot 
face  used  to  be  worked  for  roadstone,  the  dip  of  about  3^  S.S.W. 
bringing  the  upper  beds  into  lower  positions  in  a  southerly  direction. 
Even  in  Crossgates  quarry  itself  '' Boundheads,"  t.  e.  boulders  of 
Thamnastrcea  caneinnay  were  found  on  the  top  of  the  Coralline 
oolite  ;  but  they  became  scarcer  in  the  direction  of  the  outcrop. 

The  position  of  the  coral-bearing  beds  may  be  seen  at  various 
points  near  Ayton.  About  a  mile  to  the  east  of  the  village,  on  the 
Scarborough  road,  we  have,  to  a  certain  extent,  a  repetition  of  the 
Seamer  (Crossgates)  quarry,  viz.  the  Coralline  oolite,  showing  about 
eight  feet  on  the  north  side,  surmounted  by  a  bed  of  oolite  brash, 
and  t^en  by  true  Coral  Bag,  which  is  in  force  on  the  south  side  of  the 
road. 

The  character  of  the  Bag  in  a  quarry  at  the  base  of  Tetman- 
dale  should  also  be  noticed.  The  greater  part  of  it  consists  of  Bag 
rabble,  broken  up  and  deposited  in  beds  about  two  feet  in  thickness, 
with  softer  partings,  becoming  more  crystalline  and  solid  towards  the 
top,  and  graduating  into  or  surmounted  by  two  feet  of  fissile  shdly 
oolite.  In  another  part  of  the  same  pit  the  whole  thickness  is  ir- 
regularly filled  with  thick-bedded  crystalline  coral.  There  are  two 
things  to  notice  here  : — (1)  the  irregularity  of  the  coral  growth ;  (2) 
the  surmounting  of  the  Bag  by  oolite.  With  regard  to  the  firat, 
Mr.  Leckenby  appears  to  consider  that  the  patches  of  coral  reef,  the 
crystallized  remains  of  which  form  the  Bag,  are  detached  and  not 
continuous.  It  would  necessitate  an  accurate  survey  of  the  whole 
gromid  to  say  how  far  this  view  is  correct,  or  whether,  on  the  other 
band,  there  is  not  something  like  a  belt  of  Coral  Bag  on  the  dip  for 
some  considerable  distance  on  both  sides  of  the  vUlage  of  Ayton. 
There  certainly  is  great  irregularity  of  development  as  seen  in  this 
and  other  Bag-quarries,  where  the  coral  itself  is  parted  by  masses  of 
a  peculiar  chalky  rock,  the  calcareous  d^ris  of  powdered  coral,  which 
contains  the  bulk  of  the  fossils.     With  regard  to  the  second  point. 
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we  may  notice  that  in  Irton  Lane  the  same  phenomena  occnr  in 
equally  indubitable  manner,  where  the  appearances  are  sach  as  w( 
lead  MB  to  suppose  that  14  feet  of  Coralline  oolite,  with  niunerous 
rinceas,  observed  on  the  dip-side  of  a  strong  coral  reef ,  were  depos 
at  the  same  level  as  the  reef,  or  even  partly  above  it.  Leaving 
matter,  however,  as  unproved,  the  undoubted  overlying  of  the  oc 
on  the  Bag  seems  to  indicate  that  in  some  parts  of  this  distiict  otl 
later  ree&  may  have  been  formed,  which  have  now  disappeared 
are  only  to  be  found  in  the  more  westerly  portion  of  the  vale.  ( 
taiiily  there  are  peculiar  features  in  the  fauna  of  this  Kag.  CioU 
florigemma^  that  highly  characteristic  urchin,  is  never,  to  our  km 
ledge,  found  in  these  beds,  its  place  being  taken  by  Cidaris  Smii 
Wc  must  also  notice  the  extreme  abundance  of  PhasiaruUa  strii 
elsewhere  not  abundant  in  the  Bag,  but  in  the  oolite  below.  I 
remarkable  also  that  the  prevailing  coral  is  Thamnastrofa  amcm 
to  the  exclusion  of  almost  any  other  form  except  Bhahdaphyllia. 

These  beds  may  be  traced  as  fiar  as  Brompton,  where  they  hav< 
similar  character,  and  continue  to  yield  a  large  and  interesting  sn 
of  fossils. 

There  is  nothing  to  be  seen  along  this  range  which  could  represi 
any  higher  beds,  such  as  the  Upper  Calcareous  Grit,  the  gri 
thickness  of  well-stratified  sand  between  Buston  and  Wykeham  hei 
apparently  a  superficial  deposit.  That  the  Upper  Calcareous  Giit 
not  entirely  absent  in  the  district,  is  manifest  from  the  carious  in 
ment  yet  remaining  on  Silpho  Heights ;  its  presence  there  may 
taken  to  indicate  that  it  once  had  a  greater  extent  in  the  district 
which  we  are  now  treating. 

Fossils  of  the  JSeamer-Ayton-Brornpton  Bag. 

Borne  of  the  more  characteristic  fossils  of  these  Bag-beds,  includii 
both  the  hard  and  the  soft  parts,  and  also  certain  brashy  partinj 


/ 


c. 

c. 


Naticaarguta,  Phil.  (?ciio,  IT  Orb.). 
Odrithium  inomatum,  Buvig, 

limseforme,  Rom, 

Humbertinum,  Buv. 

NeriniBa  fufliformis,  If  Orb, 

faadata,  Folt^f. 

Littorina  muricata,  Sow. 
Turbo  funiculatus,  Phil. 

oorallenqia,  Buvig. 

TroobuB  aytonensis,  £.  4t  H^ 
Dolphinula  muricata,  Buvig. 

(Strickl.  Coll.). 
Fhaaianella  striata,  Sow. 
Trochotoma  tomata,  PhU.  {cf.  T. 

disooidea,  Buvig.). 
Bulla  Boaugrandi,  DS^Lor, 
Otitrea  duriuscula,  Phil, 
Exogyra  nana,  Sow. 
Ostrea  gregaria,  Sow. 
Anemia,  smooth  species. 


Peoten  Timineua,  Sow, 

lens,  Sow. 

Hinnites  yelatus,  Goldf, 
Lima  fra^lis,  Rom. 

rudis,  Sow. 

rigida.  Sow.  (small). 

Pema  mytiloides,  Lam. 
Area  quadrisulcata,  Sow. 

pectinata,  Phil. 

CucuUaBa  elongata,  PhU. 
?  Astarte  aytonensia,  Lye, 
Myoooncba  texta,  Buvig. 
Modiola  inclusa,  Phil.  1  »_    ^ 

Lycetti.  WhU.     ]  "^'^ 

Terebratula  insignis,  Schub.  Qu^- 
Pseudodiadema  yersipor^^  PM. 
Cidaris  Smithii,  Wrighi.  • 
Hemicidaris  intermedia,  Flm. 
Rhabdophyllia  Edwardsi,  M'Cog 
Thamnastnea  concinna,  Phil. 
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The  Eadcness  Outlier. — ^HaYing  given  a  general  description  of  what 
may  be  deemed  the  average  development  of  the  Corallian  beds  in  the 
Seuner-Ayton-Brompton  subdivision  of  the  Scarboroogh  district, 
tiiere  remains  one  remarkable  locality  which  belongs  to  this  district, 
thoagh  separated  by  denudation,  and  isolated  on  a  lofty  plateau. 
This  is  the  Hackness  outlier,  where,  within  a  space  of  a  few  hundred 
acres,  may  be  seen  a  complete  epitome  of  the  whole  Corallian  system, 
resting  upon  Oidord  Clay,  which  itself  may  be  traced  down  into  the 
Eelloway  Bock. 

Omitting  stratigraphical  details,  the  following  is  a  summary  of  the 
beds  which  rest  upon  the  Lower  Calcareous  Grit  on  Silpho  Heights, 
in  descending  order,  with  approximate  thicknesses : — 

1.  Upper  OalcareouB  Grit,  partly  in  sUu,  and  partly  oocurring   ft.   in. 
88  a  fragmentary  wash  ooTering  the  fieloa  to  the  north  <u 
Lofleyhead  Heights. 
^2.  Upper  or  true  Coral  Bag — a  crystalline  limestone  made  up  of 

Toundhebda  of  Tkamnastraa  oaticimia 12    0 

3.  The  Bell-heads  Limestone,  or  equivalent  of  the  Coralline 
oolite,  made  up  of  large  oolitic  granules  in  a  dense  greyish 
paste,  and  oontaininff  towards  the  centre  a  strong  band 
of  2%«?ow»t/«i-ra^  fufl  of  fossils   18    0 

4.  Thin  bands  of  gntty  limestones  and  sandy  beds — ^Middle 
Calcareous  Grit. 

^5.  The  JLower  Oolitic  Series.  Small-Drained  oolites  towards  the 
centre  of  the  mass  with  flaggy  hmestones  towards  the  top 
and  thick-bedded  fossiliferous  limestones  towards  the  base 
— the  rock  of  the  lime-quarries  of  Silpho  and  Suffield  18    0 

6.  Lower  Coral  Bag :  a  brown  ferruginous  coral  limestone,  with 
brashy  partings  and  interspaces,  haying  a  peculiar  set  of 
foosils 8    0 

7,  Bpnement-  or  passage-beds :  a  series  of  impure,  gritty,  and 
rather  flamy  limestones,  in  some  cases  made  up  of  commi- 
nuted shei^matter,  and  generally  rery  ferruginous ;  quarried 

^        for  waUing  and  road-mending  24    0 

Ko.  1.  The  Upper  Calcareous  Grit  is  limited  to  a  small  space, 
^efly  between  Lo£feyhead  Heights  and  Silpho.  It  presents  the 
^is^  characters  so  well  recognized  at  Pickering  and  elsewhere  to 
^  westwards ;  but  this  is  ti^e  only  locality  where  we  know  of  its 
Reservation  in  the  eastern  area.  From  its  existence  here  as  a  frag- 
pentary  outlier,  we  may  perhaps  infer  that  it  covered  the  Ay  ton  Eag 
in  the  same  way  as  it  does  that  of  the  region  to  the  west  of  Pickering. 
Owing  to  partial  denudation  and  weathering  on  an  exposed  plateau 
^  ft^  above  the  level  of  the  sea,  the  more  indestructible  Coral  Bag 
is  thrust  through  it  in  knobs  and  hillocks,  and  might  seem  at  first 
>>gbt  to  overlie  it;  but  a  careful  examination  of  the  ground  on 
I^eyhead  Heights,  where  a  complete  sequence  may  be  traced,  failed 
^  indicate  its  infraposition.  The  Coral  Rag  may  there  be  seen  dis- 
tinctly reposing  on  the  Bell-heads  oolite,  though  the  latter  is  at  a 
^nch  greater  elevation  than  one  would  expect  without  calling  in  the 
^  of  a  fault,  or  sharp  roll  of  the  beds ;  and  on  the  Bell-head  itself 
the  flelds  exhibit  the  Upper  Calcareous  Grit  in  such  a  position  as 
i^ers  it  impossible  for  it  to  be  underlying  the  Rag.  A  mass  of  this 
tapper  Calcareous  Grit,  apparently  bedded,  was  found  to  contain  the 


I 


Digitized  by  VjOOQIC 


330 


J.  F.  BLAKR  AND  W.  H.  HI7DLB8TOK  OK 


* 


charaoterislic  fossilB — Ammonita  biplex,  Pecten  midas^  Avieula  ova- 
lisy  yar.  ohliqua^  two  speoies  of  Lueina^  Thraeia^  PUuromyOy  &c. 

No.  2.  The  Upper  Coral  Bag.  There  can  be  no  doubt  that  this 
is  the  tme  Coral  Bag  of  Ayton  &c.  Only  the  harder  portioiis, 
the  coral  mineralized  in  situ^  are  visible;  and  these  contain  few 
foasils  other  than  Lithodomi ;  an  exposure  of  the  intercoralline  brash 
would  doubtless  exhibit  the  usual  fauna,  already  indicated.  The 
thickness  is  merely  estimated. 

No.  3.  The  Upper  Coralline  oolite.  This,  too,  is  confined  to  a 
limited  area,  and  may  best  be  studied  in  the  Bell-heads  quarry,  where 
wo  note  the  following  section  : — 

ft     in. 
a.  Bubbly  limestone  fragments  with  oooasionid  oor&l  doggers  in  a  rtd- 

dish  soil ;  abundance  of  PA4»/an«/to  s^ria/a 1     O 

h,  Larse-grained  oolites  in  a  bluish  grey  calcareous  paste.   P.  gtriata^ 

Chemniteia,  Asfarte  Duboigiana,  A.  ovata,  iM 7     0 

e.  Strong  band  of  ThecosTnifia-ng — a  kind  of  Coral  shell-bed,  show- 
ing a  handsome  arabesque  of  fossils.  Spines  of  (Hdaris  SmitJkii, 
in  great  abundance,  quantities  of  Exogvra  nana^  Ostrea  gregatia^ 
NerintBa^  sp.,  Ceriihium  inomatum,  Lutorina  muricata,  CyUn- 

drites  Lhuutii^  Area  quadrimdoata^  A.nectinata 2     9 

d.  Thick-bedded  larse-grained  oolites,  similar  in  character  to  those 

i^Te,  but  rather  softer ;  beds  visible 6     3 

17    O 

The  general  accordance  of  this  section  with  what  we  have  already 
seen  at  Seamer  leaves  us  no  room  to  doubt  that  here  we  have  the 
representative  of  what  is  usually  known  as  the  Coralline  oolite  of 
that  locality.  The  band  of  Theeosmilia-TBLg  in  the  oolite  with  so 
many  of  the  same  fossils,  the  presence  of  PJuuianeUa  striata  and 
Astarte  Duhoisiana  in  considerable  numbers  in  the  upper  portion  of 
the  oplite,  all  point  in  the  same  direction,  and  go  to  prove  the  identity 
of  this  formation,  making  due  allowance  for  variation,  with  that 
which  immediately  underlies  the  great  stretch  of  Coral  Bag  between 
Beamer  and  Brompton. 

No.  4.  The  lower  portions  of  the  Bell-heads  limestone  pass,  we 
presume,  into  the  gritty  limestones  called  by  Mr.  Fox  Strangways 
the  Middle  Calcareous  Grits.  We  have  seen  no  good  exposure  oi 
these  beds  at  the  base  of  the  upper  oolite  on  Loffeyhead  Heights, 
unless  certain  gritty  layers  represent  them ;  but  further  back  towards 
Silpho  they  are  more  spread  out  and  occupy  a  considerable  extent 
of  ground. 

Nos.  5,  6,  and  7.  The  great  group  of  the  Lower  Limestones  has 
been  far  more  extensively  preserved  on  the  Hackness  outlier,  as  these 
rocks  may  be  seen  on  both  sides  of  the  many-fingered  ravine,  which 
divides  the  heights  of  Silpho,  comprising  the  limited  region  just  men- 
tioned, from  those  of  Suffield.  It  has  probably  in  most  places,  in> 
eluding  the  Lower  Coral  Bag  and  passage-beds,  a  total  thickness  of 
not  less  than  50  ft.  Taking  the  Suffield  district  in  this  ease  as  our 
principal  guide,  we  subjoin  the  following  rough  eutline  of  their  de- 
velopment. 

No.  6.  The  Lower  Oolitic  Series. 
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Section  in  SuffUld  Lime- quarry, 

ft.  ill. 

a.  Hun-bedded  shelly  limeetones,  in  which  the  forms  are  partially  ob- 

literated. Ceritkium  muricatum  (rare),  Exogyra  nana,  Ostrea 
ffngaria,  Pec^en  fibroms,  Trigonia,  sp.  (rare),  Echincbrisms,  sp. 
(cf.  c/imt0«(/iari8),  £L  «rtt/a/ua ;  fauna  micromorphio    4    0 

b.  Small-grained  oolites  with  few  fossils,  forming  the  mass  of  the 

limestone 10    0 

e.  Fossiliferoos  suboolitio  limestones,  with  Ammonites  cordatus,  Atncula 
tnaqmivaJvit  (?  expansa),  GerviUia  avicuUndu,  Pema  quadrata ; 
faana  megalomorphic  To  floor  of  quarry,  below  which  there 
may  be  some  6  or  8  feet  before  reaching  the  next  aeries 3    6 


17    6 


The  oolites  of  the  Lower  Limestones,  whose  aoquamtanoe  we  first 
made  in  the  "  White  Quarry  "  of  the  Forge-valley  section  (fig.  11), 
here  maintain  their  usual  poverty ;  and  this  feature,  together  with 
a  wnallness  of  the  grannie  and  a  general  gritty  feel,  may  serve  to 
distinguish  them.  In  the  corresponding  quarry  at  Silpho  the 
occurrence,  though  rare,  of  KhynchoneUa  Thurmanni  further  serves 
to  connect  their  fauna  with  that  of  the  Lower  Calcareous  Grit. 

No.  6.  Not  the  least  interesting  feature  of  the  Hackness  outlier  is 
a  well-developed  Lower  Coral  Hag,  of  which  there  are  indications, 
as  we  shall  see  subsequently,  in  other  extensions  of  the  Lower  Lime- 
ttonefly  but  nowhere  so  well  developed  as  here. 

Section  of  SuffUld  '*  Sandstone  "  Quarry, 

ft  in. 

«.  Soil  and  broken  Bag 0    6 

h.  Crystalline  gritty  coral-doggers  in  a  brownish  brash  oontaininff 

abundance  of  a  small  Haldheimia,  with  Sponyia  fiorioeps  and 

many  other  fossils  ...» 3    0 

e.  Massive  coralline  block  with  shell-tablets.     Cidaria  Smithii  (spines 

and  test),  THckitea,  Sk 1    9 

d.  Flaggy  shelly  bed  with  a  few  corals  imbedded  in  a  brown  gritty 

limestone 2    0 

«.  Ferroginoas  brashy  parting,  with  seams  of  ferric  hydrate 1     0 

8    3 

These  rest  upon  flaggy  ferruginous  limestones  largely  made  up  of 
broken  shelly  matter. 

The  fossils  of  the  Hag,  chiefly  occurring  in  6,  are  numerous  and 
interesting.  There  are  some  peculiar  forms  of  Ostrea,  The  list  in- 
cludes Ostrea^  sp.,  0.  gregaria^  0.  solitaria,  Exogyra  nana,  Grypluxa 
ehamfrformis  ?,  PectenJihrosHSy  P.  articulatus  (dwarf),  Hinnites  v^atus, 
lATna  rudis,  Lima,  sp.,  TrichiteSj  Cypricardia  (small),  Astartc 
rhomboidalis  (small),  Waldhdmia  BwH^toni,  Gidaris  Smithii, 
Spongia  floriceps,  Serpula  tricarinata.  The  corals  present  more 
T&riety  than  might  be  found  in  an  equal  amount  of  the  Upper 
(trae)  Coral  Rag  of  the  district.  We  found  IsastroM  explanata, 
Thamnastrma  eoncinnaf  Thecomntlia  annularis,  and  RhahaophyUia 
PhilUpsi,  with  the  inevitable  Modiola  indusa. 
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The  occurrence  of  a  Lower  Coral  Rag,  which  is  by  no  means  con- 
fined to  this  quarry,  but  underlies  the  oolites  of  the  Lower  Limestones 
everywhere  on  the  Hackness  plateau,  as  may  well  be  seen  at  the 
Suffield  limekiln,  is  a  somewhat  exceptional  feature.     Still  there  are 
indications  in  several  places  throughout  the  Scarborough  district  of 
something  of  the  kind,  though  not  on  an  equal  scale.    The  horizon 
of  the  Lower  Coral  Rag  is  situated  towards  the  top  of  the  gritty 
limestones,  which  succeed  the  ball-beds  of  the  Lower  Calcareous 
Grit     In  the  outcrops  of  the  Lower  Limestones  this  horizon  may  be 
looked  for  wherever  Spongia  Jlorieeps  and  brown  rubbly  masses  occur 
upon  the  surface.     The  chief  features  in  the  fauna  are  the  great 
variety  of  Ostrece^  and  the  stunted  character  of  the  MoUusca   &e. 
generally.    The  spines  of  Cidaris  are  less  than  half  the  size  of  those 
usually  found  in  the  true  Rag ;  we  observe  also  curious  micromorphs 
of  species  which  afterwards  become  characteristic  of  the  Coral  SGig; 
such  as  Peeten  articulattis,  Astarte  rhomboidalis^  &c.   The  peculiarities 
above  noted,  together  with  the  great  abundance  of  Spongia  Jlorieeps 
and  Waldheimia  HudUitoni^  may  be  deemed  indicative  of  this  group. 
It  is  remarkable  that  at  Scarborough  and  Filey,  though  nothmg  in 
the  way  of  corals  beyond  a  few  fragments  of  Rhabdophyllia  have 
been  discovered,  these  two  fossils  occur  together  on  the  corresponding 
horizon.   At  the  first-named  locality  we  have  noticed  the  Waldheimia^ 
though  rarely,  in  the  top  shell-bed  of  B  a  (fig.  12) ;  at  the  second 
it  is  very  plentiful  along  a  line  about  7  feet  above  the  ball-beds. 
This  is  a  further  corroboration  of  our  view  that  the  oolite  of  Soar- 
borough  Castle  belongs  to  the  Lower  Limestones,  whose  representa- 
tives at  Filey  must  be  sought  for  below  the  Filey-Brigg  Calcareous 
Ghrit.     It  will  appear  subsequently  that  there  is  a  line  of  intermittent 
coral  growth,  possibly  more  than  one,  towards  the  base  of  the  Lower 
Limestones,  and  also  towards  the  base  of  the  Upper  Limestones  in 
the  Pickering  district.    At  Highworth,  too,  in  the  south  of  England, 
we  have  a  luxuriant  coral  growth  surmounted  by  shell-beds  bdong- 
ing  to  the  Coralline  oolite,  whilst  proof  is  given  of  the  true  Coral  Rag 
occurring  at  a  higher  level ;  so  that  there  is  nothing  unprecedented 
in  England  in  the  phenomenon  of  a  Lower  Coral  Ra^. 

No.  7.  The  Basement-,  or  Passage-beds,  which  He  betwixt  the 
Lower  Coral  Rag  and  the  Lower  Calcareous  Grit  proper,  are  flaggy 
ferruginous  limestones,  much  quarried  for  road-  and  walling-stones. 
Their  thickness  in  some  places  is  probably  not  much  less  than  24  feet. 
Although  portions  of  these  beds  are  a  mass  of  broken  shells,  the  re- 
cognizable forms  are  few,  and  consist  of  species  common  to  most 
parts  of  the  Lower  Calcareous  Grit.  Ostrea  sditaria^  Exogyra  nana^ 
Orypluxa  dHatata^  Lima,  sp.  (small),  OerviUia  aviculoideSy  Pleuromya^ 
and  Gresslya  were  noted.  The  irony  character  of  these  lower 
passage-beds  is  well  marked,  but  not  so  decided  as  in  Scarborough 
Castle  Hill,  Forge  valley,  and  Beedale.  It  may  be  deemed  a  cha- 
racteristic feature  of  the  basement  limestones  of  the  Corallian  series 
in  the  Scarborough  division  of  the  Yorkshire  basin. 
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2.   ThB  PlOKBBDie  OISTBIOT. 

Hie  separation  between  this  and  the  district  first  described  is 
moet  simply  made  by  the  assistance  of  stratigraphical  features,  which, 
thofogh  not  qnite  accurately  coinciding  with  a  change  of  type  in  the 
rocks,  coincide  sufficiently  for  the  purpose.  In  going  westwards 
frofm  Brompton  we  find  the  Corallian  beds  thrust  up  by  an  anticlinal 
corre  having  its  axis  apparently  a  little  to  the  west  of  Ebberston  *. 
The  general  dip  of  the  beds  is  still  southerly  ;  but  this  slight  dome 
makes  Uiem  fall  away  both  to  the  east  and  to  the  west,  causing 
the  Lower  Calcareous  Grit  to  form  the  base  of  the  hills,  and  even 
bringing  up  the  Oxford  Clay  to  the  surface  near  Allerston.  These 
beds  are  brought  against  the  Kimmeridge  Clay  of  the  vale  by  a  great 
iaxdt  running  nearly  east  and  west.  The  upper  limestones  are  quite 
tiirown  out ;  and,  as  we  have  noticed,  the  beds  below  are  already  putting 
on  the  Pickering  type.  The  openings  in  the  Lower  Calcareous  Grit 
are  abundant ;  and  the  country  is  eminently  a  sandy  one.  With  the 
fidl  of  the  anticlinal  we  enter  on  our  Pickering  district,  which  extends 
for  us  as  far  as  the  neighbourhood  of  Helmsley  (see  Map,  fig.  10). 

Throughout  this  range,  as  in  the  Scarborough  district,  the  highest 
beds  occupy  the  lowest  positions,  and  must  be  sought,  for  the  most 
part,  at  ^e  edge  of  the  vale. 

In  the  gorge  of  Newtondale,  at  the  outlet  of  which  lies  the  town 
of  Pickering,  we  obtain  a  complete  section  of  all  the  Corallian  beds 
in  this  district ;  and  as  the  upper  and  most  interesting  portion  is 
magnificently  displayed  in  the  numerous  quarries  near  ^e  town, 
we  shall  commence  with  a  description  of  the  formation  as  here  seen, 
with  which  we  may  afterwards  more  clearly  compare  the  develop- 
moit  in  other  portions  of  the  area. 

The  general  Corallian  section  on  the  meridian  of  Pickering,  as 
proved  in  the  deep  gorge  of  Newtondale,  is  nearly  as  follows  : — 

ft. 

Supra-conUline  beds 20 

Upper  Limestones 50 

THffoniO'heds  and  Middle  Gale-Grit 45 

{Lower  Limestones 60 
including  Basement- or  passage-beds 80 

Lower  Oalo-Grit    — 

205 
The  Lower  Calcareous  Grit  can  hardly  be  less  than  100  feet  thick. 
Towards  the  top  occurs  the  usual  baU-bed  series.  DqB;gers  of  gritty 
Hmestone  in  soft  yellow  calcareous  sand,  much  as  at  Filey  Brigg,  are 
snooeeded  by  hard  tables  of  similar  rock.  This  series  of  impure  lime- 
stones has  a  thickness  of  about  30  feet  The  commencement  of  the 
ealoareous  series  is  well  seen  at  the  base  of  the  S.E.  angle  of  Blansby- 
Park  woodSy  dose  to  the  railway,  where  it  is  by  no  means  fossilife- 
rous — ^rather  a  contrast  to  this  horizon  in  some  localities.  The  cha- 
racter of  its  upper  portions  and  also  of  the  oolites  of  the  Lower 
Limestones  is  not  wdl  revealed  at  this  spot,  though  the  beds  may  be 
more  dearly  seen  just  on  the  other  side  of  the  river  in  Little-Pork 

*  A  determination  due  to  Mr.  Fox  Strangways. 
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wood,  where  they  are  cat  through  by  the  road.  Here  the  ooliteB 
are  rather  crystalline  limestonee  towards  the  base,  but  become  creamy, 
dose-graiDed,  and  thin-splitting  further  up,  becoming,  however,  once 
more  crystalline  and  gritty  as  they  change  gradually  through  true 
calcareous  grits  into  yellow  sandstones,  the  limestonee  having  a  ahell- 
bed  towards  the  top.  The  yellow  grits  in  their  upper  parts  alternate 
with  hard  blue  rock  and  shelly  beds,  the  equivalents  of  the  Tri- 
gonia-hedB  of  the  Pickering  quarries  lying  about  2  miles  to  the 
south-west.  Ascending  the  S.£.  angle  of  Blansby-Park  woods, 
the  Upper  Limestones  are  partially  revealed  through  the  thick  mat- 
ting of  undergrowth ;  and,  finally,  the  plateau  at  the  top  is  found 
to  be  held  by  an  argillaceous  form  of  Coral  Rag.  The  thicknesses  in 
this  very  complete  section  are  pretty  nearly  those  already  given,  but 
the  supra-coralline  beds  are  absent 

These  latter,  however,  together  with  the  Upper  Limestones,  and  that 
portion  of  the  Middle  Calcareous  Grits  which  contain  the  Frigania-beds 
are  extensively  quarried  at  Pickering.  The  following  section  (fig.  13) 
is  the  result  of  a  careful  average  of  the  quarries  on  both  sides  of  the 
valley  as  far  as  the  workmen's  cottages  near  the  third  quarry  on  the 
west  side.  North  of  this  the  Coral  Rag,  which  is  barely  recognizable 
in  the  quarries  nearest  the  town,  begins  to  make  a  better  figure. 

Fig.  13.— Generalized  Section  at  Pickerhig.    (Scale  32  ft.  to  1  inch.) 


Upp«r  Dituion  - 


Middle  IMTUuon. ; 
ConlliiM  OoUte. 


Lowtr  DiTision. 


For  details  of  the  beds  see  table,  p.  335. 
jr.  Bed  of  Oafrea  bullata.  y.  Line  of  Pisolite. 
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OtneraXized  Section — Pickering, 

Upper  Division  (supra-coralline). — Grits,  Shales,  &o. 

ft  in. 
«.  An  Upper  Calcareous  Grit  with  abundance  of  tuberouB  and  rami- 
fying forms  and  many  fossils  in  bad  preservation 7    0 

b.  Sandy  and  marly  shales  resting  upon  a  thin  bed  full  of  Ostrett  ...  10    0 

c.  Bed  of  argillo-calcareoua  stone,  locally  termed  *'  Throstler,"  want- 

ing in  places,  or  represented  by  a  flaggy  parting  of  a  few  inches. . .     3    0 

ao  0 

Middle  Division, — Upper  Limestones. 

i.  Top-stone — a  grey  ferruginous  limestone,  generally  false-bedded, 

to  ieker  on  the  west  than  on  the  east  side 6    0 

«.  Impure  earthy  limestones,  known  as  "  blaek  posts,"  poor  in  fossils, 
but  containing  BeUmnitee  abbreviatiUt  and  towards  the  base 
Aavnonitea  varicostatus  10    0 

/  Ckemstitzia-hmeBtoneB,  compact  and  suboolitio.  Shell-beds,  at  in- 
tervals full  of  ChenmUzitB  and  Nerin^ta ;  Astarte  ovata  and  other 
faivalTes  less  numerous    20    0 

g.  Variable  limestones  and  pisolites,  with  shell-beds  and  nests  of 
Tkamnastraa  arcLchnoides  in  the  lower  part;  indications  of  Calc- 
Grit  towards  the  base.    £oadfitones,  walling,  &c 13    0 

48    0 

Lower  Division. — Shell-beda  and  Grits  (Middle  Calo>Grit  in  part). 

i.  The  upper  part  of  this  division  contains  the  principal  Trigonia- 
beds,  full  of  fossils,  alternating  with  Gale-Grits.  Ammonitea 
pUcatilis  nbvaadant.    Building-stones,  walling 17    0 

t-  Gale-Grits  begin  to  predominate,  base  not  seen.    Nautilu*  hexago' 

nus,  Ammomites-cordafus  gro\ip  numerous,  &c 11     0 

28    0 

8abjoined  is  a  detailed  description  of  the  general  section. 

i.  The  upper  portioD  of  this  division  shades  into  the  next  one,  h ; 
its  lower  portion  is  obviously  incomplete,  as  the  Middle  Calc-Grits 
»re  not  bottomed  iu  any  of  the  Pickering  quarries.  There  are  very 
few  fossils  in  it  beyond  those  noted  io  the  section,  which  occur  of 
large  size  towards  ^e  top. 

h.  17  feet. — ^This  is  the  most  interesting  and  richly  fossiliferous  of 
all  the  groups  in  the  section.  It  is  the  horizon  whence  most  of  the 
fossils  marked  **  Pickering  "  are  derived,  and  is  remarkable  for  three 
beds  charged  with  Trigonia  perlata  in  great  profusion,  but  always 
in  detached  valves  (e,  ^  in  fig.  14).  Petrologioally  the  group  consists 
'>f  light  porous  calc- grits  and  of  hard  blue  beds,  locally  termed  "  Hint," 
these  latter  sometimes  passing  into  shell-beds,  which  occasionally  thin 
out  to  a  mere  string,  and  then  develop  into  pockets  full  of  the  most 
magnificent  valves  of  Trigonia.  The  middle  bed  is  perhaps  the  best. 
By  farthe  commonest  fossilg,  besides  T.perlata,  are  Qervillia  aviculoides^ 
Neriruea  visurgis  (usually  BtnaU),  Chemniizia  Jieddingtonensis,  Lucina 
Btardi,  Cneullcea  corallina.  Besides  tlie  principal  TV^onta-beds 
there  is  a  very  peculiar  '■  small  shell-bed  *'  only  to  be  found  on  the 
^a*t  side,  its  position  on  the  west  side  being  occupied  by  a  few  inches 
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of  a  soft  and  rather  argillaceous  stoue  {I  of  fig.  14),  immediately  un- 
derlying the  top  hlock  of  workable  freestone  or  true  calc-grit.  On 
the  east  side,  this  bed,  where  well  developed,  is  about  1  foot  thick, 
and  in  some  places  is  a  perfect  mass  of  shells  with  hardly  any  matrix 
at  all.  The  species  are  for  the  most  part  the  same  as  those  in  the 
regular  IV^onia-beds,  but  are  smaller  and  in  better  condition. 
The  fossils  we  have  obtained  from  these  beds  are  : — 


Fossils  of  the  Trxgonia-beds,  Pickering. 


r.    Belemnites  eubhastatuB,  Mont 

Ammonites  oordatuB,  Sow.  (exca- 
Tatua,  Saw.). 

vertebraliB,  Sow, 

V.C. plicatilis,  Sow. 

v.c.  Ohemnitzia  heddingtoneneis,   Sow. 
v.c.  Gerithium  murioatum,  Sow. 
r.     littorina  muricata,  Sow, 
c.     Nerinaa  yisurns,  Bom. 

,  speciee  (imbricated). 

v.c.  Exogyra  nana.  Sow. 

Odtrea  solitaria,  Sow.,  yar. 

Anemia  radiata,  Phil. 

Plicatula,  Bp. 

Pecten  fibrosus,  Sow, 

qualiooBta?  Et. 

r,     Hinnitee  (small  form). 

Lima  elliptioa,  Whiteaves. 
r,    AvioulaovaliB,PAt/.(peculiarform). 


c.     Gerrillia  aviculoides.  Sow. 
c,     Cucullaa  oorallina,  XhTfum. 

Limopsis  corallensis,  Buv. 
%\c.  Trigonia  perlata,  Ag.  (many  Taw.). 
r.     Men  an  i,  Ag. 

Cardium  cyrenitorme,  Bumg. 
v.c.  Lucina  Beanii,  Lye.  \ 
v.c. alien  a,  PhU.      J 

oculiis.  Bl.  #  H. 

Corbicella,  sp. 

Cyprina  eorallina,  D'Orb, 

Gypricardia  glabra,  BL  j-  H. 

Opis  Pbilipsi,  Morr. 

Sowerbya  triangularis,  Phil. 

Rhjmchonella  lacunosa,  Schlot. 

Echinobrissus  Bcutatus,  L€tm. 

Cidaris  Smithii,  Wright  (spine), 

RhabdophyUia  Phillipsi,  M.-Edw. 
(fragment). 


c. 

v.r. 

r. 

r, 

f. 


The  division  between  this  group  and  the  next  is  drawn  abore  the 
uppermost  continuous  block  of  Calc-Grit,  which  in  some  places  is 
four  feet  thick,  but  splits  up  and  changes  rapidly.  The  latter  is 
represented  by  y  in  fig.  14. 


Fig.  14. — Enlarged  Portion  of  Section  at  Pickering,  Fig.  13. 


ft   in. 
Lower  part  of  ^.       6    6  < 


Upper  part  of  A. 


CHlEruy    CALCARCOUe 


I    0 


C       SOLID      SLOCKS      OF 
CALC.GRIT  ORFREK9TONI 
OALC.  GRIT 


oHicpuv  eALQ.  aniTi 
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g^  13  feet.  Fig.  14  is  a  pc^on  of  the  general  seotion,  enlarged  for 
the  purpose  of  exhilating  the  pecoliarities  noticed  about  the  junction 
of  these  two  groups.  It  rejNresents  the  i^pearances  on  the  west  rather 
than  on  the  east  side.  We  have  already  referred  to  it  as  showing 
the  mode  of  ocoonenoe  of  the  Tn^ut-beds,  and  the  argillaceous 
lepresentatiYe  of  the  "  small  shell-bed."  Although  both  the  groups 
(A  and  g)  may  be  deemed  passage-beds,  their  petrology  linking  them 
with  the  calcareous  grits,  whilst  their  paleontology  draws  them  to- 
wards the  oolites,  yet  in  ^  we  very  soon  lose  all  traces  of  grit  (an 
baportant  physical  difference)  and  obtain,  along  with  corals,  some 
change  in  the  fauna;  hence  we  consider  the  Coralline  ooUte  of 
Pickering  to  commence  at  the  base  of  this  series.  The  beds  classed 
in  group  g  are  variable  and  impure  limestones,  mostly  used  for  road- 
metsL  At  its  base  is  the  thin  and  very  variable  bed  0  of  the  enlarged 
see^n  (fig.  14)  which  also  forms  in  an  irregular  way  the  top  Trx- 
yMio-bed  ;  it  is  most  generally  a  discoloured  oolite,  chiefly  charac- 
tcrixed  by  a  quantity  of  Nerinaa  viiurgis  (large)  and  Aitarte  Du- 
boitiana,  and  contains  also  Pema  myiiloides  and  Pecten  Jibrostts, 
Above  this,  and  sometimes  perhaps  included  in  the  base  of  it,  is 
the  gRMit  blook  locally  called  "  WiH"  which  comprises  the  whole  of 
a  (fig.  14).  It  is  sometimes  divisible  into  as  many  as  three  minor 
UodLs,  and  is  a  complete  mixture  of  every  thing;  corals  may  be  noted 
both  at  Uie  bottom  and  at  the  top,  and  possibly  also  in  some  parts  of 
ths  e^tral  mass.  Isolated  groups  <^  ThamnastroBa  arachnoides  appear 
to  have  grown  upon  the  top  of  the  last  bed  of  calcrgrit ;  then  came 
a  shell-drift  with  Tr^onta-valves,  AstarU  Dubaisiana  &c.,  then 
mixtures  of  calc-grit,  and  oolite,  another  string  of  shells,  then  some 
Bore  decided  ooUte,  with  very  fine  NerinoM  visurgi$,  mixed  with 
•ome  more  Thamruutroea  arachnoides.  Some  parts  contain  so  much 
owal  as  to  present  the  appearance  of  a  Coral  Bag,  but  without  the 
fiuma  of  the  true  Rag. 

Betuming  now  to  the  general  section,  the  block  above  this  con- 
tains impure,  and  often  blue-centred  limestones;  but  is  most  re- 
Biaikable  for  a  band  of  pisolite,  which  may  readily  be  proved  in  all 
the  quarries.  This  pisolite  contains  the  same  Nerinasa  and  Astarte 
ai  bebw  ;  and  Trigiynia  perlata,  along  with  some  of  the  other  fossils 
of  the  2Vt^onia-beds,  continues  to  be  met  with  sparingly.  Immedi- 
ately above  ihe  pisolite  is  an  extremely  compact  limestone,  in  texture 
almost  like  china-stone,  with  a  few  very  small,  round,  oolitic  granules. 
It  is  curiously  marked  by  the  sparry  shells  of  small  Cerithia  (C. 
i^ffmatum  ?)  and  of  Nerituxce^  so  thoroughly  sealed  into  the  rock  as  to 
aiord  no  hope  of  extraction  or  of  specification.  Eine-g^ained  rocks 
are  often  associated  with  small  shells,  and  coarse-grained  rocks  with 
large  ones.  In  this  case  the  mechanically-derived  sediment,  which 
ia  by  no  means  incondderable,  is  of  the  finest  texture.  In  the  next 
blodc  we  have  the  succeeding  group  prefigured,  Chemnitzia  hedding^ 
iowntis  beginning  to  prevail  in  the  upper  part :  here  also  are  many 
axamples  of  PhasianeUa  striata^  often  of  immense  size.  In  the  quarries 
further  north  in  the  direction  of  the  outcrop,  the  character  of  these 
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fine  suboolitio  limestones  undergoes  considerable  modificatio&,    as, 
indeed,  do  all  the  groups  if  traced  for  any  distance. 

/,  average  20  feet. — ^These  beds  form  the  backbone  of  the  *♦  Co- 
ralline Oolite  "  of  Pickering,  where,  in  one  of  the  quarries  on  tlie 
west  side,  they  hare  a  thickness  of  22  feet.  Chtmnitzia  hedding^io- 
funsis  and  Nerinasa  are  tolerably  abundant  throughout,  but  especially 
so  in  a  block  towards  the  top  of  the  series,  which  is  eyidently  an  old 
shell-bed.  The  sparry  sections  of  ChemniUia,  in  the  white  lime- 
stone or  oolite,  produce  an  appearance  known  to  the  workmen  as 
**  rabbit-eye;"  and  these  beds  mark  the  termination  for  a  while  of  the 
more  fossiliferous  limestones.  This  series  at  Pickering  may  be  view^ed 
on  the  whole  as  a  mixture  of  creamy  limestones  full  of  oolitic  grains 
with  true  oolites.  On  account  of  the  great  difficulty  in  extracting 
the  fossils,  the  fauna  cannot  be  determined  with  the  same  ease  aa 
^at  of  the  Trigania-heds,  There  are  multitudes  of  shells  in  layers, 
but  in  such  a  compact  matrix  as  to  defy  extraction.  Astarte  ovttta 
and  Lucina  aliena  are  amongst  the  most  plentiful  of  the  bivalTes  ; 
and  TrigonuB  very  like  T,  perlata  occur  sparingly. 

e,  10  feet. — ^The  ^  black  posts  "  are  dirty-looking  limestones  of 
somewhat  variable  thickness  and  not  in  the  least  oolitic,  but  rather 
carbonaceous.  Portions  are  quite  slaty  and  of  no  use  to  the  lime- 
burners.  The  lower  parts  are  of  better  quality :  here  the  bedding  is 
so  uneven  that  the  workmen  call  one  of  the  bottom  blocks  ^^  hUly 
and  holey."  It  is  from  just  below  this  that  the  Ammonite  which 
most  resembles  A,  varicostatus  is  said  to  come ;  but  there  are  no  sections 
of  fossils  on  the  surface  of  the  stone,  and  the  contrast  afforded  by 
this  group  to  the  fossiliferous  and  sparkling  limestones  below  is  most 
complete.  This  subdivision,  of  which  there  is  not  a  trace  in  any  part 
of  the  Scarborough  district,  has  great  importance  in  the  Pickering 
district.  It  certainly  prefigures  the  "  throstler ;"  for  in  the  neigh- 
bourhood of  Kirkby  Moorside  there  are  indications  that  ^  black 
posts,"  rag,  and  ^*  throstler  "  all  more  or  less  replace  each  other 
or  commingle.  The  base  of  the  subdivision  **  hilly  and  holey,"  is 
the  cave-line  throughout  the  district,  as  we  shall  see  at  Kirkdale 
(page  346). 

cf,  5  feet. — In  the  first  quarry  on  the  west  side  the  top  course 
of  limestone,  resting  on  8  feet  of  the  earthy  limestone  («),  has  a  thick- 
ness of  5  feet  6  inches,  and  contains  layers  of  stone  having  a  false 
dip  of  nearly  15^  in  a  westerly  direction ;  yet  the  upper  surface  is 
quite  level,  as  though  it  had  been  planed  away  subsequently.  Hero 
the  rock  is  full  of  vertical  fissures  filled  with  clay  and  other  matters 
from  above.  In  the  second  quarry  on  the  west  side  these  beds  have 
a  thickness  of  eight  feet,  but  the  false-bedding  is  inclined  at  a  lower 
angle.  It  is  rather  remarkable  that  the  slaty  limestones  (e)  shrink 
correspondingly  to  the  increase  of  these  beds.  At  the  principal 
quarry  on  the  east  side  the  face,  exposed  during  the  summer  of  1875, 
exhibited  only  2  feet  6  inches  belonging  to  this  group.  It  is  there 
called  the  ••  iron  post,"  and  is  a  hard,  blue- speckled,  compact  lime- 
stone, full  of  small,  whitish,  nodular  bodies.     Generally  speaking,  it 
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ma  J  be  described  as  a  grey  ferraginoaB  limestone.  Numbers  of  small 
shells,  sQch  as  Osirea,  Nerincea^  and,  possibly,  Ltttorina  muricata 
and  Pecten  interUxtus^mijied  with  flatted  spherides,  seem  compressed 
into  a  grey  and  somewhat  sparry  matrix  of  considerable  density.  On 
accomit  of  the  abundance  of  iron  and  alumina  in  its  composition,  it 
is  much  prized  for  smelting-purposes.  Although  this  bed  occupies 
the  position  of  the  Coral  Rag,  no  flints,  recognizable  spines  of  Cidarts 
Jiorigemma,  or  other  well-known  indications  of  that  class  of  rock  occur. 
If,  however,  we  trace  it  backwards  on  the  rise,  we  find  it  passing 
into,  and  inosculating  with,  a  EhabdophyUia-'BAg  in  the  fourth 
qnarry  on  the  west  side;  so  that  its  relations  are  undoubted. 

e,  4  feet. — By  the  incoming  of  beds  which  gradually  prepare  us 
for  tiie  true  Kimmeridge  Clay,  we  have  an  unmistakable  intimation 
that,  within  the  area  at  present  under  description,  Corallian  lime- 
stones are  not  be  found  above  this  horizon.  On  the  planed-down 
surf&oe  of  the  false-bedded  series  last-named  reposes  that  very 
curious  bed  locally  known  as  the  •' throstler."  It  is  a  kind  of 
sandy  argillaceous  limestone,  of  peculiar  texture,  with  few,  if  any, 
recognizable  fossils,  but  having  numerous  copper-coloured  specks 
which  probably  represent  fragmenta  of  shells  now  replaced  by  iron- 
oxide.  In  the  first  quarry  on  the  west  side  there  is  just  a  little 
hummock  of  it  interposed  as  a  lenticular  mass  between  b  and  d.  In 
the  second  quarry  on  that  side  a  6-inch  layer  of  dirty  flaggy  lime- 
stone probably  represents  it ;  while  in  a  quarry  at  the  back  of  the 
main  ones  it  is  about  2  feet  thick,  is  undulated  by  4  inches  of  lamina- 
ted sofb  sandstones,  and  appears  to  contain  remains  of  Polyzoa.  On 
the  east  side  it  is  fully  4  feet  thick. 

a  and  &,  17  feet — ^These  complete  the  series  of  rocks  intervening 
between  the  Upper  Limestones  and  the  true  Kimmeridge  Clay, 
which  may  be  seen  capping  the  hills  above  one  of  the  quarries  on 
the  west  side.  They  are  there,  however,  less  favourably  exposed 
than  on  the  east,  whence  our  descriptions  and  thicknesses  in  the 
generalized  section  are  taken.  The  upper,  or  "  red  rook,"  is  the 
most  remarkable.  It  is  a  true  calcareous  grit,  and  maintains  its  cha- 
racters throughout  this  district  and  even  on  the  Hackness  outlier 
already  described.  Indeed  these  characters  are  so  marked  that  there 
is  no  mistaking  the  rock  when  once  seen.  In  exposed  portions  it  is 
almost  devoid  of  lime,  and  is  full  of  "  pinhole  "  structure,  with  soft 
parts  adhering  to  the  harder  cores ;  but  it  differs  from  the  Lower 
Calcareous  Grit  in  being  exceedingly  sharp  and  gritty,  as  if  every 
particle  were  angular  and  stood  out  by  itself.  It  is  highly  charged 
with  tuberous  and  dichotomizing  forms,  which,  in  their  enormous 
proportions,  almost  exceed  those  of  the  Lower  Calcareous  Grit.  The 
foaols  are  abundant  and  varied;  but  most  of  them  being  in  casts,  their 
identification  is  not  entirely  satisfactory.  Attention  should  be 
drawn  to  the  remarkable  layer  of  Ostrea  hullata  at  the  base  of  the 
sands. 


b2 
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Fossils  of  the  Upper  Calcareous  Orit,  Pickeri^ig. 


r.     BdemniteB  oitidua,  DoUf. 

c,      Amiaonitee,8p.(cf.Achille8^*Or5.). 

e,      — —  "  Wplex." 

altemanf,  Von  Buck, 

Chemnitxia,  sp. 

Patella  mosensiB,  Buvig, 

Exogyra  nana,  Sow. 
c.      Oatrea  bullata,  Sow.  (Oyster- 
bed  above  "  throfltler  **). 

ATioola  OTalifl,  PMl.,  var,  obliqua. 

Pema  mjtiloidee,  Lam, 
0,     Peoten  midaSjiyOrA. 

demiasus,  Phil. 


Modiola  canoellata,  Rom,  (dwarf). 
Trigonia  Yoltzii,  Ag. 
Protocaidioxn,  amall  ip. 
Ludna  afpera,  Buviff. 
— -  sobitriata,  22mi. 
?Corbioella. 
Goniomya  literata.  Sow, 

T-8cripta,  Sow. 

Pleuromja  tellina,  Jg. 

Voltiii,  Ag. 

Myaoitas  &o.  (ntunerout). 
Tbrada,  sp.  (of.  depreeaa.  Sow.), 
Diacina  oleTata,  Blake. 


The  Bection  at  Pickering  is  so  complete,  so  accessible,  and  so  easj 
to  trace,  that  we  may  be  pardoned  for  having  dwelt  upon  it  at  con- 
siderable length.  The  divisions  adopted  might,  perhaps,  in  some 
instances,  be  considered  slightly  arbitrary ;  but  there  are,  without 
doubt,  three  principal  divisions  or  groups,  corresponding  to  (1)  2^ 
upper  part  of  the  Middle  Calcareous  Orit,  here  in  unusual  force,  (2) 
The  Upper  Limestones,  t.  e.  the  Coralline  oolite  and  the  equiyalents 
of  the  Coral  Rag,  and  (3)  The  Upper  Calcareous  Orit.  Of  these  the 
former  two  are  blended  by  passage-beds,  whilst  the  latter  is  shaiplj 
separated  from  the  middle  member.  The  absence,  as  far  as 
we  know,  of  Ammonites  perarmatus,  even  from  the  lowest  quarries, 
proves  that  we  are  dealing  with  a  different  fauna  from  that  of  the 
Lower  Calcareous  Grit,  as  does  also  the  absence  of  RhynchoneUa 
Thurmanni,  so  characteristic  of  that  horizon  and  of  certam  portions 
of  the  Lower  Limestones ;  so  that,  if  we  did  not  know  it  on  strati- 
graphical  grounds,  we  might  suspect  that  the  "  freestones  "  of  Pick- 
ering could  scarcely  belong  to  the  Lower  Calcareous  Grit  proper. 
Still  the  abundance  of  cordate  Ammonites  in  the  lowest  accessible 
portions  shows  that  we  have  not  yet  done  with  the  Oxfordian  fauna. 

Throughout  the  whole  series,  from  the  Trw/owui-beds  well  into  the 
Coralline  oolite,  Ammonites  generally  referable  to  A,  plicatUis  are 
obtained  ;  these  sometimes  attain  enormous  dimensions.  We  would 
draw  attention  again  to  the  abundance  of  corals  in  the  base  of 
group  g,  unassociated  with  the  Rag-urchins,  which,  with  the  Mya- 
cidee  and  Anatinidae  seem,  throughout  the  section,  to  be  wanting. 

The  principal  limestones,  group/,  from  their  usually  compact  nature^ 
with  only  an  occasional  mixture  of  oolite,  seem  to  have  been  the  result 
of  finely  ground  coral-mud,  which  has  produced  these  calcareous  pastes 
with  oolitic  grains,  in  some  cases  so  closely  cementing  the  shells  and 
other  organic  fragments  as  to  form  rocks  with  a  fracture  sdmost  like  flint 
The  physical  history  of  such  beds,  whether  compact  or  oolitic,  seems 
to  have  been  this  : — ^The  coral  is  being  perpetually  ground  down  to 
the  finest  powder,  which  is  held  suspended  in  the  sea  like  ordinary 
sediment ;  but  as  it  falls  towards  the  bottom,  it  encounters  an  add 
stratum  of  water,  due  to  the  quantity  of  carbonic  add  generated  by 
the  decompodtion  of  organic  matter  and  the  respiration  of  Anipfiftlf, 
This  slighUy  attacks  the  calcarcouA  sediment  and  fonns  tiie  usual 


Digitized  by  VjOOQIC 


THE  OOBALLUK  BOCKS  OP  SSQLASD,       .  341 

M^iiUe  Ucarbonate,  which  is  again  precipitated  as  calcic  carbonate 
ftinoiigBt  the  intenpaces  of  the  slowly  settling  mnd,  thus  cementing 
the  wliole  into  a  mass  of  most  compact  rock^  and  gluing  up  all  the 


We  now  proceed  to  trace  the  several  subdivisions  seen  in  the  section 
ai  Pickering  and  the  gorge  of  Newtondale  behind  it,  as  they  are  mo- 
dified at  various  localitieB  to  the  east  and  west  within  the  district. 

5rhe  Lower  Caleare<ms  Grit — This  and  the  overlying  limestones 
are  the  only  members  of  the  series  that,  to  our  knowledge,  pass 
aeroas  to  the  Scarborough  district.  It  presents  no  points  of  great 
interest,  though  stratigraphically  it  is  of  importance.  The  moorland 
streams  that^  cutting  down  to  the  Oxford  Clay,  force  their  way  south- 
wards through  the  overlying  strata  to  join  the  Derwent,  have  their 
steep  flanks  formed  by  the  sandy  beds  of  this  division ;  and  not  seldom 
we  meet  with  dry  sandy  gashes,  presumably  due  to  a  kind  of  subter- 
imnean  denudation,  the  streams,  instead  of  keeping  upon  the  surface, 
linking  through  the  porous  rock  to  come  out  as  springs.  The 
i^ipermost  beds  almost  invariably  have  large  cannon-ball  doggers  in 
them,  to  which  those  at  Eiley  bear  about  the  same  relation  that  a 
6d-pound  shot  does  to  a  13-inch  shell.  These  doggers  are  not  very 
£M8iliferous,  but  occasionally  contain  Ammonites  perarmatuSy  Pema 
qmtdratOy  PeeUn  Jlhrosus^  and  Ehynehomlla  Thurmanni.  The  most 
aeoessible  spot  where  the  Lower  Calcareous  Orit  may  be  studied  is 
in  the  neighbourhood  of  Allerston,  on  the  Pickering  and  Scarborough 
road,  where  at  the  mouth  of  GKvendale  several  quarries,  some  showing 
a  face  of  fix)m  40  to  60  feet,  are  worked  for  free-stone. 

The  Lower  Limestones  and  Middle  Grit. — ^We  take  these  together 
because  the  sections  illustrative  of  one  often  elucidate  the  other. 
Coming  from  the  east,  we  first  see  these  limestones  graduating  through 
the  passage-bed^  into  the  Lower  Calcareous  Grit,  itself  traceable 
down  to  the  Oxford  Clay,  at  the  mouth  of  Oxdale  near  Allerston,  in  a 
large  quarry  about  the  400-foot  contour  (dip  about  S.  W.).  The  oolites 
of  the  Lower  Limestones  have  a  face  of  about  30  feet.  A  note- 
worthy feature  is  a  line  of  intermittent  corals  {Thamnastrcea)  of 
large  size  quite  in  the  oolite,  and  tuberous  masses  of  silicified  oolite 
towards  the  base.  These  peculiarities  are  also  well  observed  in  the 
next-described  quarries  on  the  hill  east  of  Thornton.  These  are 
excavated  wholly  in  these  limestones  at  different  levels.  In  one  of 
these  quarries  we  have  the  following  section  : — 

Section  in  ike  Further  Quarry  East  of  Thornton  Dale. 

feet. 

1.  Hne-srained  oolites,  measured  down  to  a  line  of  intermittent 

coral  (7%a4wur<^<^),  partly  silicified    14 

2.  Oolitic  Umestone  of  simdar  character 11 

3.  Stronger-bedded  oolitic  limestone,  with  tuberous  and  spherical 
)  of  silicified  oolite 3 


28 
These  coral  masses  are  of  estcessive  interest,  as  being  on  an  horizon 
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not  far  removed  £roin  that  of  the  Lower  Coral  Bag  of  Ha<^ei 
The  silicification  of  the  oolite  seems  also  an  important  feature  in  Uio 
Lower  Limestones  here,  as  we  shall  see  farther  west.  The  limestones.^ 
as  usual,  are  not  verj  fossiliferous  ;  but  we  noted  the  following — 
Pleurotomaria  Jdilnstsri,  Chemnitzia  heddingionensis  (rare),  Cylvt-- 
driUs  elongatus,  Anomia  radiataj  AvicuJa  ovalis^  LimafragiliSy  Peetew^ 
fibrosus^  QerviUia  avietdoides,  Trigonia  (davellate  species),  Ludnc^ 
Be^tmi,  E-hinobrissus  scutatus.  In  an  adjoining  quarry  about  SS 
feet  of  oolites  are  seen,  of  which  17  feet  lie  above  those  last  measured. 
Towards  the  base  there  are  abundance  of  OerviUia ;  and  towards  the 
top,  oiNerincea,  The  several  beds  have  red  day  partings  and  contain, 
also  Exogyra  naiui,  Pema  qtiadrata,  and  plates  of  Astrogonium, 

These  quarries  are  dose  to  an  escarpment  oyerlookmg  a  deeply 
excavated  glen  which  runs  far  up  into  the  hills  to  the  northward ; 
here  the  Lower  Limestones  may  be  traced  down  into  the  Lower 
Calcareous  Grit,  which  occupies  the  slopes  of  the  glen,  and  also 
much  of  the  sur&ce  of  the  high  ground  where  the  limestones 
have  cropped  out ;  but  far  away  to  the  north  the  limestones  come 
in  again.  This  glen  debouches  into  the  vale  at  the  beautifully  situ- 
ated village  of  Thornton ;  and  on  the  opposite  side  is  another  large 
quarry  in  the  Lower  Limestone  showing  a  face  of  nearly  40  feet  of 
rock,  mostly  soft,  white,  small-grained  oolite  of  a  somewhat  sandy 
nature.  Upwards  these  oolites  may  be  traced,  in  a  northerly  direc- 
tion, on  the  road  towards  Highfields,  well  into  the  Middle  Calcareous 
Grit.  In  an  opening  for  road-stone  we  observed  the  following 
section : — 

ft.  in. 

^  Soil  and  shattered  stone  5  0 

Flagey  calcareous  sandstone    4  0 

Middle  Galea-    ^"^  ^^^^  ^^^^*  slightly  oolitic,  with  AmnumHeM 

roousGrit  '      P^icf^Hi* 1  6 

Flags  J  calcareous  sandstone,  with  some  ooUt«  ...  5  0 

Hardbluerock 1  2 

Flaggy  sandstone,  with  ^vurv/a  Arponsa 0  6 

Principal  shell-bed,  an  impure  suboolitic  lime- 
Top  of  Lower         stone  1  3 

lamestones.      Flaggy  parting 0  3 

^Lower  shell-bed  (base  of  quarry) 1  6 

20    2 

These  shell-beds  appear  to  mark  the  top  of  the  Lower  limestones 
in  this  district,  and  form  a  notable  horizon  likewise  on  the  other 
side  of  Pickering.  The  shells  are  fine,  and  not  diflferent  from  those 
of  the  Coralline  oolite  proper,  except  as  regards  the  greater  abun- 
dance of  OerviUia.  The  following  were  noted — Bthmnites  ahbre- 
viatus,  Chemnitzia  heddingtonen^is,  Pema  quadrata^  Avicula  piero- 
pemoides^  Pecten  lens,  P.fibrosus,  Anomia  radiata,  Trigonia  (da- 
vellate sp.),  Lucina  Beanii  (aliena  ?). 

To  the  west  of  Pickering  the  Lower  Limestones  spread  out  orw 
a  great  area  and  become  of  considerable  importance,  capping  the 
hills  for  many  miles.  They  are  evidently  very  thick  on  the  meridian 
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of  die  Seyen,  where,  including  the  flaggy  beds  at  the  top  and  the 
bottom,  they  are  fully,  if  not  more  than,  100  feet  in  thickness.     Their 
general  development  is  best  studied  at  the  village  of  Cropton,  on  the 
road  to  Eosedale.     This  village  is  situated  upon  the  angle  of  a 
plateau,  some  400  or  500  feet  above  the  sea-level.     One  of  the  con- 
taining sides  is  flanked  by  the  deeply  excavated  Seven  gorge,  whilst 
the  other  faces  the  northern  moorlands.     The  road  from  Rosedale 
Abbey  ascends  this  escarpment  facing  the  north,  and  crosses  succes- 
sively the  Oxford  Clay  and  the  Lower  Calcareous  Grit.     The  upper 
portion  of  the  latter  is  marked  by  a  great  development  of  the  ball- 
beds.    Immodiately  succeeding  these,  on  the  edge  of  the  plateau  at 
the  north  end  of  the  village,  is  a  thick  series  of  the  ^'  basement- 
beds"  of  the  Lower  Limestones,  here  remarkable  for  enormous  speci- 
mens of  Qervillia.     These  basement-  or  lower  passage-beds  are  less 
ferruginous  than  in  the  Scarborough  district,  but  in  other  respects  not 
materially  different  from  the  beds  already  described  at  Hackness  and 
Foige  YoUey.     Upon  these  rest  the  oolites  of  the  Lower  Limestones, 
which  are  well  exposed  in  the  large  quarry  on  the  S.W.  side  of  the 
village.   As  in  the  great  quarry  of  these  oolites  near  Thornton  Dale, 
there  is  a  face  of  nearly  40  feet  of  small-grained  suboolitic  limestone  in 
very  large  blocks.    The  general  resemblance  of  the  rocks  to  some 
of  Uie  less  fossiliferous  portions  of  the  oolite  of  the  Upper  Lime- 
stones (Coralline  Oolite)  might  cause  even  an  experienced  palseonto- 
logist  to  doubt  the  true  position  of  these  beds  without  the  aid  of 
stratigraphical  evidence,  here  fortunately  of  a  roost  unmistakable 
character.     Still  the  prevalence  of  OerviUia^  abundant  in  one  of  the 
lower  blocks,  rather  than  of  Chemnitzia,  is  a  point  of  diflerence  which 
may  always  be  relied  upon ;  doubtless  a  closer  inspection  would 
reveal  additional  points.     Tbe  other  fossils  noted  were  Pecten  sub^ 
fibrosus,  Avicula  Icevis,  TrichiUs,  Lucina  Beanii*.     The  beds  have 
an  inclination  of  4^  to  the  south. 

It  is  not  possible  in  this  quarry  to  trace  the  oolites  of  the  Lower 
Limestones  upwards  into  the  shelly  series  which,  in  this  district, 
marks  the  close  of  the  Lower  Limestones ;  but  an  important  step  in 
this  direction  ia  obtained  at  a  quarry  between  Cropton  and  Caw- 
thome. 

Section  at  Whitethorn  Quarry, 

ft.  in. 

a.  Impure  flaggy  limestonee  of  a  purplish  colour,  having,  to- 

wards the  Dase,  a  bed  full  of  Ammonites.  A.  perarmatus 
(type  form)  plentiful,  A,  corddtits  (excavatus)  frequent, 
A.  ffoliatkua  frequent,  A.plicatilis  less  common     12    0 

b.  White  oolite   with  Cylindrites  to  base  of  quarry.    (These 

are  the  uppermost  beds  of  the  Lower  oolite) 10    0 

22    0 
We  here  obtain  a  glimpse  of  a  series  intermediate  between  the 

*  One  of  the  workmen  declared  that  during  a  period  of  forty  years  he  had 
nerer  seen  an  Anunonite  in  this  quarry. 
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top  of  the  oolites  of  the  Lower  Limestones  and  ^ihe  base  of  the 
Middle  Caloareons  Grit*. 

It  is  probable  that  the  shelly  limestones  and  coarse  fossUiferonB 
oolites  which  overlie  the  mass  of  the  Lower  Oolite  and  nnderlie  the 
Middle  Calcareous  Grit  of  this  locality,  are  the  true  home  of  the  origi- 
nal A.  perarmatuM  of  Sowerby .  This  fossil  was  first  described  from  die 
"  pisolite  of  Malton ;"  but  it  certainly  never  occurs  in  the  ordinary 
Coralline  oolite  of  that  locality.  The  abundance  of  A.  perarmatus  in 
beds  lying  at  the  top  of  the  Lower  Oolite  would  induce  us  to  refer 
the  whole  group  palaeontologically  to  the  Lower  Calcareous  Grit. 

If  we  trace  these  beds  along  the  sides  of  the  Seven  valley  towards 
Sinnington,  we  see  them  in  great  force  flanking  the  hillside,  and  rest- 
ing upon  passage-beds  of  coarse  gritty  limestones,  vnihPeetenJlbrosus, 
Qtrvtttia  avindoideSy  and  Lueina  Beanii^  which  form  the  bed  of  the 
river  below  Coptonbanks  wood,  and  themselves  rest  on  the  **  ball- 
beds,'*  as  seen  at  the  mill.  Further  south  still,  we  see  an  old  river- 
cliff  in  which  the  top  of  this  mass  of  Lower  Limestones  is  exposed, 
capped  by  a  shell-bed  which  here,  as  dsewhere,  seems  the  upper 
limit,  and  may  be  probably  on  the  horizon  of  the  fossiliferous  beds  of 
Whitethorn  quarry. 

At  the  entrance  to  Sinnington  goi^  a  magnificent  section  is  ex- 
posed, which  will  be  more  fully  described  in  reference  to  higher 
beds.  Atthebaseof  this  section  5  ft.  of  beds  (F,  fig.  15)  represent  the 
shelly  cap  of  the  Lower  Limestones.  It  is  a  coarse  hackly  oolite  with 
many  pisolitic  grains,  and  contains  Ammonite*  cordcUus,  Chemnitzia 
heddingtonensis  (fine),  Exogyra  nana^  Atiomia,  sp.,  Pecten  Jibrosus, 
GerviUia  aviciUoideSf  Lueina  Bmnii  (v.  c),  Opis  PhUlipsi,  ifyacites, 
sp.,  Trtgonia  perlata.  Above  this  lies  the  representative  of  the  Middle 
Grit  (£,  fig.  15),  about  34  ft.  in  thickness,  less  arenaceous  than  in 
Newtondale  (Pickering),  but  with  afine  development  of  IV^ronia-beds 
towards  the  top. 

Between  the  valley  of  the  Seven  and  Kirkdale  the  best  sections 
are  obtained  in  the  valleys  of  Button  Beck  and  of  the  Dove  t.  On 
or  about  this  meridian  Uie  Lower  Limestones  seem  to  attain  their 
maximum,  which,  inclusive  of  the  basement-  or  passage-beds,  is  not 
much  less  than  150  feet.  The  base  of  the  Lower  Limestones  is  here 
becoming  cherty,  and  there  are  great  accumulations  of  oolitic  flint. 
West  of  Kirkdale  this  peculiarity  increases  greatly,  and  extends 
downwards  to  the  ball-bed  series  at  the  top  of  the  Lower  Calcareous 
Grit  proper.  The  Middle  Calcareous  Grit  is  well  exposed  in  the  bed 
and  on  the  flanks  of  the  Kirkdale  stream  about  opposite  the  church. 
This  is  one  of  the  best  places  for  studying  the  junction  with  the 
Lower  Limestones.    Its  upper  portion,  containing  the  equivalent  of 

*  This  proceeds  upon  the  assumption  that  the  oolite  {h)  of  this  quarry  is 
really  the  upper  part  of  the  oolite  of  the  Oropton  great  lime-^uany ;  should 
that  not  be  the  case,  the  arguments  founded  0|^  such  a  supposition,  of  course, 
fall  to  the  ffround. 

t  One  of  us  had  the  (^ood  fortune  lately  to  accompany  Mr.  Fox  Ptrangways, 
the  Qoremment  Oeologioal  Surreyor,  through  these  most  mteresting  TalleJ^  and 
thus  to  profit  by  his  great  experience. 
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the  Triffoma-hedB  of  Pickering,  occupies  tbe  channel  oi  the  stream  at 
^  ford  on  the  old  road  between  Kirkby  Moorside  and  Helmsley. 

Passing  still  to  the  west,  we  find  these  Lower  Limestones  of  great 
importance  between  the  gorges  of  Hodge  beck  and  Riccal  dale.  8ome 
of  these  quarries  present  us  with  examples  of  tbe  silicification  of  tho 
whole  of  the  beds  composing  them.  Sections  of  the  oolitic  grains 
ihow  the  concentric  structure;  and  they  are  coloured  brown  or  black 
bj  Uie  presence  of  carbon,  as  in  ordinary  flint,  with  a  trace  pro- 
btbly  of  iron.  They  are  imbedded  in  a  white  matrix,  whidi  is 
ahnost  pure  silex,  while  every  crack,  exposed  surface,  or  fossil  is 
coTered  with  tho  same  substemce  in  the  form  of  beekite.  These 
features  are  well  seen  in  quarries  behind  Skiplam  wood  and  Oxdose 
wood. 

The  Middle  Calcareous  Grit  here  varies  as  much  as  it  is  seen  to 
do  towards  the  east,  being  a  yellow  sandstone  in  the  region  imme- 
diately north  of  Marston,  but  in  the  sides  of  Biccal  dale  so  compact 
and  calcareous  as  to  be  with  difficulty  distinguished  in  small  open- 
nigB  from  the  limestones  above  and  below,  except  by  its  being  non- 
ooli^.  We  t^us  see  throughout  this  range  that  t^  Middle  Grit 
appears  in  the  form  of  isolated  sandbanks,  its  maxima  being  near 
lackering  and  Eirkby  Moorside,  its  minima  near  Thornton  and  Kiccal 
dale. 

The  Upper  Limestones  and  Upper  Calcareous  Orit, — As  we  enter 
tbe  Pickenng  district  from  i^  east,  along  the  edge  of  the  vale, 
▼e  fiist  meet  with  the  Upper  Limestones  in  a  small  quarry  just 
west  of  Thornton,  where  the  beds  are  dipping  8.W.,  as  we  should 
expect ;  but  a  little  further  on  we  see  a  very  good  section  at  the 
end  of  a  dry  gash  called  Howl  dale,  about  halfway  to  Pickering, 
where  the  &p  is  southerly  and  moderate. 

Quarry  west  of  Hagg  House^  in  the  Upper  Limestone. 

.    Corregpoodii)^ 

m  Pi^eriiig  Seotaon.  ft  in. 

a.  1.  Upper  CaloareooB  Grit,  Tery  foflsiliferouB...    6    0 

b.  2.  ArgillaceouB  marly  layers   2    0 

tL  3.  Dense  ferruginous  limestone  in  irregular 

lumps    0    6 

4.  Oolite—few  fossils   6    6 

e,  5.  Dense  and  sometimes  earthy  limestones, with 

some  oolitic  granules — few  fossils  12    0 

/.  6.  CkemniUia-limestonea  to  base  of  quarry. 

27    0 

With  the  exception  of  the  oolite  (4),  all  these  beds  have  their 
wunterparts  in  the  great  Pickering  section,  though  in  very  different 
d^rees  and  conditions  of  development.  Excepting  the  fragment  on 
the  Haekness  outlier,  this  is  the  last  place  to  the  eastward  where 
fte  Upper  Calcareous  Grit  is  noted.  It  is  also  the  most  easterly 
point  in  Yorkshire  where  there  is  any  trace  of  the  Florigemma-Tagj 
^e  richest  and  most  interesting  of  all  the  subdivisions  of  the 
Corallian  Limestones.     Here  this  is  feebly  repr^s^p^  by  no.  3, 
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which  oontainB  a  mass  of  fossils  giaed  together  in  a  de&se  ferra- 
ginoos  limestone  with  hard  cores,  indicative  of  its  coral  origin. 
The  following,  in  yery  had  condition,  were  noted — NcUica,  Nerincea^ 
Chemniiziaf  PhasianeUa  striata,  Lima  pectiniformis,  Pema  mytUoidsit 
Area  quadrisuleata,  Exogyra  ftana,  Cidarisflorigemma  (spines). 

This  qaarrjr  affords  additional  proof  of  the  correctness  of  our 
identification  of  the  false-hedded  rocks,  d,  of  Pickering  with  the 
Coral  Bag,  which  is  here  fonnd  oceup3ring  the  same  position,  with 
heneath  it  some  oolite  (No.  4)  of  peculiar  character,  not  seen  in  the 
type  section.  The  argillaceous  portion  of  the  Upper  Calcareous  Grit 
is  here  seen  to  he  much  thinner. 

Our  next  illustrative  section  of  these  rocks  is  at  Sinnington,  ahout 
3J  miles  west  of  Pickering,  on  the  side  of  the  Seven  valley  to  which 
we  have  already  referred. 

Seven-valley  Seetion^  near  Sinnington. 

On  tiie  east  side  of  the  valley,  just  hehind  the  village,  there  is  a 
very  extensive  quarried  surface,  Laying  hare  the  structure  of  the 
Corallian  Series  from  the  Upper  Calcareous  Grit  to  the  very  hase  of 
the  Middle  Calcareous  Grit,  including,  of  course,  the  Trigonia-heds. 
A  fault  at  the  south  end  has  thrown  the  Upper  Calcareous  Grit 
against  the  Coral  Rag  and  Coralline  oolite,  hringing  all  three  classes 
of  rock  into  juxtaposition  at  a  point  where  they  can  he  easily 
examined  (see  fig.  15). 

The  two  lower  groups  of  this  section,  representing  the  Middle 
Grit  and  the  shelly  cap  (F)  of  the  Lower  Limestones,  we  have  already 
referred  to ;  the  remainder  serves  to  confirm  the  Pickering  section, 
with  which  all  its  heds  agree,  with  the  exception  of  a  fine  develop- 
ment of  Coral  Bag.  As  all  the  other  groups  of  that  section  are  in 
their  places  except  group  d,  or  the  top  stone,  it  is  evident,  as  pre- 
viously pointed  out,  that  this  peculiar  false-hedded  series  represents 
at  Pickering,  in  position,  if  in  no  other  way,  the  true  Florigemma" 
Bag.  The  persistence  of  group  «,  or  the  "  black  posts "  (D.  a  of 
this  section),  seen  here  as  well  as  at  Pickering  and  near  Hagg  House, 
and  of  which  there  is  not  a  trace  in  the  Scarborough  district,  is  also 
remarkable.  The  base-bed  of  this  group,  called  by  the  workmen  at 
Pickering  '^  hiUy  and  holey,"  is  the  ''  cave  line  "  throughout  this  dis- 
trict. 

On  this  line  occurs  the  celebrated  Kirkdale  Cave,  in  a  quarry  by 
the  side  of  the  old  road  between  Kirkby  Moorside  and  Helmsley, 
just  above  the  ford  across  Hodge  beck.  It  is  well  known  that  most 
of  the  rivers  hereabouts  '*  swallow,"  i,  e,  run  underground  at  certain 
points,  as  their  predecessors  seem  to  have  done  at  a  higher  level,  of 
which  this  cave  now  presents  an  example.  The  explanation  is  that 
such  beds  present  a  hummocky  suridce  of  hard  impure  limestone  diffi- 
cult of  solution,  with  interspaces  filled  in  by  a  soft  limestone  brash, 
which  is  readily  disintegrated  both  chemically  and  mechanically  by 
the  action  of  running  water.  The  origin  of  the  peculiar  rock 
called  "  black  posts/'  as  also  of  '*  throstler,"  though  in  some  way 
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JF5g.  15. — Section  in  ihe  Gorge  of  the  Seven,  shounng  Upper  Calcareous 
OriifatdUd  against  CoraUian  Limestones,  (Len^h  230  yards; 
dip  about  5^) 


Upper 
limestones, 

Kiildld 
DiTisum  of 
Pickeruig. 


Details  of  the  Sinnington  Section. 

ft.  in. 

A.  Soil,  rainwash,  and  daj  at  the  fault... 

B.  Upper  Calcareous  Orit,  oonsistiDg  of 

(1)  **  red  beds  "  (a  of  the  Pickering 
section),  (2)  a  band  of  hard  blue 
rock,  and  (3)  shalj  sands,  base  not 

seen  about 

'  O.  1.  Ooral  Bag,  with  plenty  of  CidartM 
fiorigemma  in  the  lower  block,  at 

thefault   18    0 

2.  Bhabd/fphyllia-hoA,  The  upper  part 
is  very  full  of  small  brancnes. 
This  is  the  equiralent  of  the  Ooral 

shell-beds  of  other  places   2    8 

D.  Coralline  Oolite. 

a.  Comparativelj  unfossiliferous  lime 
stone,  the  lower  portion  impure 
and   dirtj  (s  of  the  Pickering 

section) 11    0 

6.  CA^mntY^ta-limestones.  The  great 
shell-bed  at  the  top  is  charged 
with  ChemnUeia  headingtonenmB, 
Nerinaa  sp.,  Astarte  oto/o,  Lucina 
BeanU,  &c  Noted  also  Ech, 
scutatua   (/  and  part  of  g   of 

Pickering  section)    17    9 

e.  Impure  bluish  limestones,  with  a  line 
of  scattered  pisolite  (remainder  of 
/  y  of  Pickering  section).  6    0 

S.  TV^onui-beds  and  Middle  Orit  (h  and 
t  of  Pickering  section  plus  tne  re- 
mainder of  &e  Middle  Calcareous 
Grit) 

F.  Top  of  the  Lower  Limestone  series  ... 


ft.  in. 
4    0 


18    0 


60    0 


34 
6 


111    0 
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oonneoted  with  coral,  is  not  quite  dear,  the  fossil  eridence  haying 
heen  more  or  less  melted  up  by  some  powerful  action. 

Bemarkable  instances  may  be  noted  on  both  sides  of  the  Talley 
of  the  Dove  of  the  connexion  of  this  class  of  bed  with  Coral  Bag, 
there  well  deyeloped ;  and  in  the  neighbourhood  of  Eirkby  Moorside 
there  are  evidences  of  the  ^'  black  posts,"  Coral  Bag,  and  **  throstler," 
more  or  less  inoscnlating  with  or  replacing  each  other. 

Towards  the  edge  of  the  vale  the  Upper  Calcareous  Grit  con- 
tinues to  be  of  considerable  importance :  the  town  of  Kirkby  Moordde 
is  bnilt  upon  a  slope  consisting  mainly  of  this  rock;  and  the  Kirkdale 
cutting  discloses  about  16  feet  without  reaching  the  base.  Towards 
the  top  of  this  cutting  are  red  sandy  days  with  calcareous  disks  and 
.  nodules.  Ammonites,  some  in  a  tilted  positioo,  were  found  at  the 
base  of  this,  along  with  the  Yalves  of  Ostrea  huUata,  exactly  the 
form  so  common  above  the  '^  throstler  "  at  Pickering.  The  remainder 
of  the  cutting  was  seen  to  consist  of  hard  blue  rook,  and  of  buff- 
coloured  calo-grits  fiill  of  dichotomizing  forms.  Several  Ammonites 
of  considerable  sixe  were  found  during  the  progress  of  the  railway. 
They  may  perhaps  be  referred  to  the  following  species : — 

Ammonites  Berrreri,  Ltrnwe. 

AdiUles.  Jy  Orb.  (pi.  207.  fig.  1). 
„         dedpieDfl,  Sow, 

These  forms  have  a  strong  Lower  IBammmdge  aspect,  and  are 
not  unlike  some  of  those  from  the  Westbury  inmstone,  which  occu- 
pies a  soQiewhat  analogous  position.  The  "  throstler ''  has  a  great 
devdopment  in  certain  situations  beneath  the  Upper  Calcareous  Grit, 
as  is  well  seen  in  the  bed  of  Hutton  beck :  the  Upper  Calcareous  Grit 
at  this  latter  place  has  itself  a  thickness  of  not  less  than  30  feet, 
and  may  be  traced  right  up  into  the  Kimmeridge  Clay,  which  comes 
on  conformably,  and  even  with  a  certain  degree  of  gradation,  as  the 
highest  bed  of  the  Upper  Calcareous  Grit  is  darker-coloured,  fhooidal, 
and  more  argillaceous.  It  is  crammed  with  a  Belemnite  very  near  to 
B.  nitidta,  DoUfkis,  and  contains  little  nests  of  Serpvda  tetragana^ 
and  numerous  Pholadomyce, 

Behind  the  village  of  Nawton  the  devdopment  of  these  upper 
beds  is  very  similar  to  what  we  have  seen  elsewhere.  Some  tine 
quarries  occur,  showing  the  central  portions  of  the  Coralline  oolite, 
here  exceptionally  hard  and  crystalline,  but  with  abundance  of 
fossils,  espedally  Gastropods,  and  in  parts  carbonaceous.  The  village 
of  Nawton  is  built,  like  Eirkby  Moorside,  on  Upper  Calcareous  Grit, 
which  may  be  seen  on  both  sides  of  the  road.  It  has  scarody  the 
peculiar  character  here  that  it  has  at  Pickering,  but  is  more  like  an 
ordinary  Grit 

Towards  the  mouth  of  Biccal  dale,  about  1  mile  E.NJB.  of  Edms- 
ley,  we  obtain  a  fine  view  of  the  Corallian  development  in  this  district 
in  a  magnificent  quarried  face  of  54  ft.,  having  4  ft.  of  Upper  Cd- 
careou9  Grit,  14  ft.  of  Coral  Bag,  and  the  remainder  Coralline  oolite 
on  the  Pickering  type,  PJuisianeUa  striata  being  the  most  character- 
istic fossil 
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Thus  between  Pickering  and  Helmsley  there  is  considerable  iden- 
titj  of  iype  in  the  Ck>ra]]ian  beds,  with  certain  gradual  changes, 
wUd&  become  more  marked  towards  the  west.  Throughonty  the 
dips  are  southerly.  Helmsley,  however,  which  lies  in  a  well-marked 
synclinal,  is  the  turning-point  in  the  inner  rim  of  the  long  elliptical 
bdt  of  Corallian  strata.  An  imaginaiy  line  passing  north-west 
through  this  town  may  roughly  divide  the  Pickering  district  from 
that  c^  Hambleton. 


3.  Teb  Hamblbiok  Disibiot. 

The  area  included  under  this  title  extends  considerably  to  the 
westward  of  the  district  included  in  the  sketch  mftp  fig.  10 
(p.  316),  and,  though  not  exactly  typical  for  Yorkshire,  sums  up  and 
includes  almost  all  the  beds  known  to  occur  on  a  large  scale  in  the 
county.  We  commence  with  the  wide  circle  sweeping  round  the 
north-western  and  western  escarpments  of  the  Hambleton  Hills  by 
Aiden  Moor  and  Black  Hambleton,  one  of  the  highest  points  in  the 
district,  then  by  Whitestonediff  and  Eoulston  Scar,  till  the  beds 
gradually  drop  to  the  east  by  Byland,  Wass,  and  Ampl^rth.  The 
natural  continuation  here  would  be  sought  in  the  Howardian  Hills ; 
but  a  great  valley,  the  result  of  erosion  acting  upon  a  line  of  com- 
plicated dislocation,  completely  severs  these  latter.  Through  this 
▼aBey,  by  Coxwold  and  Gilling,  the  railway  from  Thirsk  to  Malton 
passes  easily  from  the  vale  of  Thirsk  to  the  more  seduded  vale  of 
Pickering.  The  Corallian  beds  on  the  south  of  this  erosion  consti- 
tute our  fourth  division,  viz.  the  Howardian  District. 

Returning  to  the  northern  side,  within  the  semicircle  thus  marked 
out  we  have  higher  beds  continually  developed  as  we  approach  the 
interior  curve,  which  girdles  the  bay  of  Kunmeridge  Clay,  whose 
western  extremity  just  reaches  the  meridian  of  Helmsley.  In  the 
annexed  figure  a  general  section  is  given  of  the  whole  series  from 
the  Hambleton  escarpment  to  the  vale  of  Pickering,  immediately 
east  of  Bye  House  (below  Helmsley),  where  the  railway  cuts  a  few 
feet  of  Kimmeridge  Clay,  which  is  there  covered  by*a  superficial 
▼ash  of  moderate  thickness. 

No.  1  in  this  section  is  the  Lower  Calcareous  Grit  proper,  speak- 
ing in  a  petrol(^eal  sense ;  it  forms  the  parapet,  as  it  were,  of  the 
western  escarpment  between  Eoulston  Scar  and  Whitestonecliff, 
where  it  has  a  thickness  of  about  120  feet.  In  this  exposure  the 
k»wer  portion  is  seen  to  consist  of  a  peculiar  ferruginous  sandstone, 
which  seems  to  be  developed  at  the  expense  of  the  Oxford  Clay, 
here  very  thin,  and  no  doubt  corresponds  to  an  earlier  period  than 
tilie  one  with  which  we  are  now  deaHng.  There  are  about  20  feet  of 
this  peculiar  ironstone  at  the  base ;  and  the  rest  of  the  beds  are 
aUemations  of  hard  and  soft  grits,  with  large  doggers,  fucoid  (?) 
growths,  and  small  nests  of  fossils ;  but  in  general  both  diff  and 
moor  are  so  beaten  by  the  winds  and  storms  of  ages,  that  little 
remains  of  an  organic  nature  on  the  exposed  portions  of  these  rocks, 
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though  certain  peculiar  forms,  externally  not  unlike  sponges,  roughen 
^e  snrface,  as  on  Scarborough  Castle  HilL   To  the  north  these  same 
rocks  spread  out  over  Arden  Moor  as  hungry  grits  and  sands,  every 
partide  of  lime  having  been  dissolved  away ;  and  the  whole  series 
may  be  seen  in  the  northern  escarpment,  in  the  bed  of  the  road  from 
Hambleton  to  Yarm,  having  the  same  characters  as  at  Boulston  Scar. 
Passing  inwards  by  Byland  and  Wass,  we  meet  them  in  a  better 
state  of  preservation.     In  Wass  Bank  about  80  feet  may  be  seen 
resting  on  the  Oxford  Clay.    Towards  the  base  we  have  a  rough 
sandstone  with  cherty  bands  and  fucoidal  (?)  stems ;  higher  up  some 
of  the  beds  are  semioolitic,  though  still  calcareous  grits.    The  fauna  is 
scanty ;  we  noted  Fecten  Jibrosus,  Pema  quadrata,  Avicula  avalis, 
and  MyacUes  recurva.      These  rocks  retain  a    similar  character 
wherever  we  catch  glimpses  of  them  throughout  the  long  escarpment 
facing  the  Gilling  erosion  ;  they  gradually  sink  to  lower  levels  by 
Ampleforth,  where  Amm.  goliathus,  Rhynchonella  Thurmanni^  and  the 
characteristic  Aviculce  may  be  found.     Further  east  they  form  part 
of  the  low  ground  at  the  base  of  Oswaldkirk  Bank.    (See  also  fig.  17.) 
No.  2  is  a  remarkable  series  of  flaggy  oolites,  to  which  we  propose 
to  assign  the  name  of  *'  Hambleton  Oolites."   They  correspond  in  posi- 
tion to  part  at  least  of  the  Lower  Limestones  of  Ne  wtondale,  Cropton ,  &c. , 
and  are  perhaps  continuous  with  that  belt  of  rock.  Their  development 
may  be  well  studied  in  the  Hambleton  moors,  where  they  are  quar- 
ried for  lime,  and  where  we  have  had  opportunities  of  proving  their 
position.     The  group  is  well  seen  in  Cold-Kirkby  quarry,  and  in 
several  other  quarries  on  the  moor,  about  the  line  of  section,  between 
the  escarpment  and  Buncombe  Park.     South  of  the  line  of  section 
it  begins  to  lose  much  of  its  importance  as  a  distinct  body  of  lime- 
stone, and  has  not  been  traced  by  us  as  a  separate  formation^  the 
Howardian  Hills.    North  of  the  line  of  section  the  Hambleton 
OoUte  appears  to  increase  in  thickness ;  and  in  the  extreme  north- 
west of  the  Oxfordian  area,  where  the  escarpment  is  curving  round 
from  west  to  north,  it  comes  to  the  edge  of  the  cliff  as  at  Eepwick, 
where  nearly  50  feet  of  thick,  massive,  and  by  no  means  flaggy 
limestones  are  quarried  for  agricultural  purposes.     Eastward  from 
this  point  it  may  be  traced,  always  on  high  ground,  as  capping 
the  picturesque  and  isolated  plateau-summits   above  the  village 
of  Hawnby,  where  the  scale  and  character  of  the  scenery  are  of  a 
thoroughly  Jurassic  type.     The  rock  is  usually  a  meag^,  gritty, 
saboolitic  limestone,  with  a  tendency  in  places,  especially  on  Ham- 
bleton moor,  to  become  an  oolite   flagstone,  the  quarries  being 
marked  on  the  6-inch  map  as  "  Slate  Quarries."    Where  the  oolitic 
Btmctore  is  developed  the  granules  are  very  small.     Fossils  are  far 
from  numerous,  a  marked  contrast  to  the  true  Coralline  oolite  and 
Coral  Rag.    The  best  localities  are  Cold  Eirkby,  where  some  beds 
are  a  congeries  of  small  shells,  and  Hawnby,  where  Aviculas  and 
other  shells  are  tolerably  abundant    The  beds  at  Kepwick  are  re- 
markably poor,  considering  the  amount  of  rock  which  is  being  ex- 
cavated.   The  small  list  our  limited  time  has  enabled  us  to  put 
together  is  — BelemniUiy  AmmotiUea  cordaius,  NeriruBa,  Avicula  ovalisp 
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Avieula  ea^nsa^  Avteula  Iobvis,  Pectin  lens^  Lima  eU^ticOy  Ludna, 
BhynehoneUa  Thurmanni,  Echinobrissus  BCutatus  (abiuidant),  EaUc- 
typui  oblimgus,  Astropecten  (fragmentB). 

Although  these  luaeBtones  are  probaUy  continuotiB  alcmg  the 
strike  with  the  Lower  limeetones  of  the  Tabular  Hills,  it  is  certain 
that  in  this  area  they  thin  to  the  south  and  south-east  We  hATe 
seen  that  at  Kepwiok,  in  the  faoe  of  the  western  escarpment,  they 
are  about  50  feet  thick ;  but  on  the  summits  of  the  moors  the  thid^- 
ness  in  the  several  localties  can  only  be  inferred.  None  of  the 
numerous  quarries,  allowing  for  the  dip,  require  that  they  should 
be  more  than  from  20  to  30  feet ;  and  towards  the  south  the  oolitio 
character  of  the  stone  seems  to  be  becoming  more  uncwtain.  For 
instance,  in  Shaw's-Gate  quarry,  at  the  back  of  Boulston  Scar,  the 
following  section  is  seen: — 

ft.  m. 
Soil  and  broken  stuff 

flaggy,  fine-grained,  sandr  oolite 0    9 

Fla^y  calo-grit,  with  pinnole  structure  in  the  lower  part 2    4 

Sandy  Bubooutic  limestone,  generally  in  three  blocks..., 5    2 

Halfgrit,  half  limestone    8    9 

12    0 

Echinobrissus  seutatus  and  a  small  Belemnite  were  the  only  fossils 
here  noted.  It  is  where  we  find  it  overlain  by  the  next  series  of 
beds  that  we  begin  to  have  proof  of  its  thinning  out,  as  will  pre- 
sently be  shown. 

No.  3.  This  series,  which  may  be  identified  as  the  Middle  Grit, 
nowhere  reaches  the  western  escarpment,  but  is  spread  out  over  the 
moors,  and  may  be  seen  on  the  dip.  If  we  trace  the  oolites  (No.  2) 
from  the  Dialstone  quarry  (Cold  Kirkby),  where  about  15  feet  are  ex- 
posed, in  an  easterly  direction  along  the  road  called  High  Street,  we  find 
limestone  quarries  with  a  stone  very  similar  to  that  at  the  Dialstone 
as  far  as  a  point  rather  over  two  miles  from  the  inn.  Here  the 
country  rises  from  822  feet  to  857  feet  in  about  a  quarter  of  a  mile; 
the  thickness  of  this  rise  of  about  35  feet  is  entirely  occupied  by 
reddish  sands,  henceforth  keeping  the  surface  of  the  moor,  whic^ 
rises  to  within  the  875-feet  contour.  The  oolites  may  thus  be  dis- 
tinctly traced  to  a  position  below  these  sands ;  and  the  outcrop  of 
these  sands,  as  they  are  traced  backwards  in  a  south-westerly  direc- 
tion, is  seen  to  encroach  upon  the  area  occupied  by  the  Hambleton 
oolite  until  the  latter  is  covered  up  altogether,  as  is  the  case  on  the 
top  of  Wass  Bank.  On  descending  this  we  should  expect  to  find 
the  oolites  again ;  but  they  can  scarcely  be  made  out  i^  all,  though 
there  seems  to  be  a  line  of  quarries  where  calcareous  matter  has 
been  dug  out  at  intervals,  and  a  narrow  band  of  such  oolite  may  be 
seen.  The  semioolitie  calc-grit  of  Wass  Bank  is  at  tc^  low  a  level 
to  represent  them.  Upon  Wass  Moor  the  Middle  Grits  generally 
consist  of  loose  sands  of  a  reddish  colour,  occasionally  consoli- 
dated into  stone.  Their  present  physical  condition  is  duo  to  the 
powerful  action  of  the  organic  adds  generated  by  the  gradual  decay 
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ef  the  peat  These  dissolve  out  the  calcareous  matter  and  tend  to 
ran  it  into  doggers  and  calcitic  layers,  whilst  the  iron*  being  ozi- 
dixed,  invests  the  sands  with  a  coating  of  ferric  hydrate,  which 
resists  more  effectually  the  action  of  the  solvents.  From  beds  in 
snch  a  condition  it  is  almost  hopeless  to  expect  to  obtain  fossils. 

Reverting  now  to  the  line  of  section,  we  may  trace  these  sands 
on  their  dip  to  the  eastwards,  where  the  country  begins  to  fall 
towards  the  valo  of  Pickering.  A  fair  section  may  be  seen  in  the 
•*  gravel^pit "  (c,  ^g,  16),  where  PeeUn  Jibrosus  was  the  solitary 
fossil  noted.  This  leads  us  on  to  the  instructive  gorge-section  of 
Howl  beck,  a  ravine  cut  by  the  moorland  drainage  on  its  way  to  tho 
deep  valley  of  the  Rye  in  Buncombe  Park.  The  upper  part  of  this 
gash  in  the  hillside  consists  wholly  of  the  loose  foxy  sands,  not  less 
than  60  feet  thick ;  but  on  descending  the  dry  bed  of  the  stream 
which  should  run  at  the  bottom,  we  obtain,  at  about  the  400-feet 
eontour,  the  following  section : — 

It.  in* 

Sandy  tubooliticliineBtoxie... 13    0 

Cberty  calo-grit    6    0 

^linterj  limestone 2    6 

Here,  then,  after  losing  sight  of  the  Hambleton  Oolite,  we  find  it 
laid  bare  in  the  bottom  of  a  deep  gully,  where  its  thickness  and  re- 
lation to  the  beds  above  and  below  are  ascertained  with  far  greater 
accuracy  than  in  any  of  the  quarries  on  the  moors ;  as  usual,  hardly 
a  fossil  is  to  be  noted.  On  descending  the  gully  still  further,  the 
Lower  Calcareous  Grit  proper  is  also  seen  to  be  cut  through  to  the 
▼ery  base,  exhibiting  about  80  feet  of  beds,  to  a  point  where  the 
water  springs  out,  not  far  from  the  course  of  the  river  Rye.  The 
Hambleton  Oolite,  or  limestone  of  the  Lower  Calcareous  Grit,  crosses 
the  river  just  below  Sproxton-Mill  bridge,  near  the  200-feet  contour. 
This  gives  a  dip  of  about  1  in  30,  equal  to  2^  nearly,  in  a  direction 
E.  by  N.  from  its  section  in  the  ravine  of  Bridge  Howl.  Judging 
from  a  cursory  survey  of  its  occurrence  in  the  bed  of  the  river,  it 
appears  to  be  still  diminishing  in  this  direction.  On  the  other  side 
of  the  river  it  may  also  be  seen  in  the  neighbourhood  of  Rievaulx 
Abbey.  On  the  road  from  Helmsley,  descending  the  hill,  is  a  quarry 
of  this  Umestone,  with  Ammonites  pUcatilis,  MUUrierinuB  echinatus^ 
and  abundance  of  Eehinohrissus  acutatus. 

If  we  take  the  maximum  development  of  the  three  subdivisions  of 
the  Lower  Calcareous  Grit  in  this  region,  we  obtain  something  like 
the  following: — 

ft. 

X,  Lower  Calcareous  Grit  proper,  Whitestonecliff 120 

2.  HamUeton  Oolite,  Kepwick 50 

8.  Middle,  or  Waw-Moor  Grit 60 

230 

Ko.  4.  This  division  consists  of  the  Coralline  oolite  and  Coral 
Bag,  the  former  of  which  is  especially  well  developed,  along  the  line 
aj.G.S.  No.  130.  2  a 
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of  section  in  Sprozton  quarry  (d  of  fig.  16).  Its  actoal  reLatioa  to 
No.  3,  or  the  Wass-Moor  Grit,  may  be  seen  in  ascoiding  the  hill  firam 
the  river  Kye  in  Duncombe  Park,  near  the  footbridge,  where  the 
sandy  beds  are  seen  to  lie  underneath  it.  In  Bproxton  quarry  we 
have : — 

ft.  in. 

a.  Coral  Rag    4  0 

b.  Coral  shell-bed 1  6 

c.  Coralline  oolite,  compact  and  occasionally  suboolitio  limestones  ...  26  0 

31     6 

a.  A  few  feet  of  true  Coral  Rag  ia  here  to  be  found  ci^ping  the 
true  Coralline  oolite;  it  has  the  usual  fossils,  of  which  we  noted 
Lima  pectiniformisj  Pecten  vimineus^  Cidarisflorigemma^  &c- 

6.  This  is  one  of  the  shell-beds  occasionally  to  be  found  at  the 
base  of  the  Coral  Bag,  which  forms  a  conspicuous  feature  in  aomo 
of  the  quarries  throughout  the  Tabular  range,  but  is  a  rare  pheno- 
menon, as  far  as  our  experience  goes,  in  the  neighbourhood  of  Mal- 
ton  and  Langton  Wold.  This  particular  one  contains  corals,  abun- 
dance of  the  spines  of  Cidaris  florigemma^  Lithodomtis  inelusus,  Zv- 
cina,  sp.,  together  with  Nerincea  and  Chemnitzia.  These,  on  wea- 
thering out,  form  a  handsome  entablature  in  arabesque. 

c.  Numerous  long  univalves  occur  in  the  upper  layers :  the  whole 
forms  a  series  of  thick-bedded  limestones,  which  are  very  different 
in  appearance  from  those  of  the  Hambleton  Oolite.  The  base  of  the 
limestones  is  not  seen. 

The  floor  of  the  quarry  shows  a  dip  to  the  eastward  of  4^  or  5*^ ; 
perhaps  this  may  be  due  in  part  to  the  rapid  thinning-out  of  the 
Middle  Grit  beneath. 

Descending  the  hill  still  further,  the  Coral  Rag  keeps  the  surface 
for  some  distance.  Its  general  character  hereabouts  must  be  in- 
ferred from  quarries  in  or  near  to  Duncombe  Park.  In  the  Park 
there  is  a  quarry,  on  the  325-feet  contour,  which  preseuts  coralline 
layers  and  boulders,  with  the  peculiar  chalk-like  limestone  so  cha- 
racteristic of  this  subdivision,  and  which  usually  contains  the  fossils. 
Chemnitzia^  Littorina  muricata^  Pema  mt/tiloides^  Astarte  rkom^ 
hoidcdiSy  Pecten  vimineus,  and  Cidaris  flmngemma  were  noted. 

In  the  quarry  on  the  York  road  just  out  of  Helmsley,  a  little  above 
the  200-feet  contour,  about  20  feet  of  Rag  beds  are  seen  putting  on  a 
somewhat  different  lithological  type.  The  stone  is  in  strong  blocks, 
and  is  a  hard  cherty  (?)  limestone  with  many  flints,  both  in  sheets 
and  in  tuberous  masses ;  it  is  very  rarely  coralline.  The  bods  are 
not  so  full  of  fossils  as  in  the  more  t3rpical  Rag ;  but  a  considerable 
number  of  s{)ecies  may  be  noted,  such  as  Belemnites  ahhreviatusj 
Chemnitzia  (short  variety  of  heddingtonensis^),  Natioa  dio^  Nerincea 
fasciata,  Phasianella  striata^  Pecten  vimineus,  Trigonia  (large  claveU 
late  form),  Lucina  aspera,  Buvig.,  Terebratula  insignis,  Cidari$  Jhri" 
gemma  (spines).     Dip  of  quarry  N.N.E.  moderate. 

This  peculiar  phase  of  the  Rag  is  rather  local ;  for  on  foUovnng 
the  steep  southern  bank  of  the  Rye  in  an  easterly  direction  below 
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HehnBloy  we  find  it  gradually  assaming  a  more  coralline  form« 
!nie  exposures  referred  to  oonsist  of  about  15  feet  of  dense  creamy 
limestone,  witii  a  few  corals  and  some  of  the  usual  fossils,  resting  on 
7  feet  of  Bag  with  flints.  Below  this  is  a  coral  shell-bed  with 
TMamnastrcea^  much  TJueomniUa^  Bhahdophyllia^  Hinnites  velatus^ 
Lima  rigida^  Lueina^  &c.  This  last  is  seen  to  rest  on  oolite  a  few 
feet  abofre  the  level  of  the  river.  Such  conditions  of  the  Coral  Eag 
have  some  relation  to  the  type  already  noted  at  Kirkby  Moorside, 
where  there  is  so  much  ^'  throstler "  and  **  black  posts  "  associated 
with  the  ordinary  form  of  Coral  Rag.  Here,  however,  the  im- 
purities are  siliceous  and  the  fossils  well  preserved. 

No.  5.  The  Upper  Calcareous  Grit*  In  the  above  quarry  on  the 
York  road  3  or  4  feet  of  this  rock  may  be  noted,  there  rather  flaggy  ^ 
and  aigillaceous.  It  is  merely  the  base  of  the  formation ;  for  we  can  ^ 
trace  it  along  the  road  as  yellow  sandstone  and  hard  blue  rock  from 
the  level  of  210  feet  to  280  feet,  which,  allowing  for  probable  dip, 
would  indicate  a  thickness  of  perhaps  30  feet.  This,  from  indica- 
tions in  other  portions  of  the  district,  we  consider  to  be  the  general 
thickness  of  the  formation  in  the  western  part  of  the  vale  as  it 
gradually  passes  under  the  Eimmeridge  day  on  the  dip^lope. 

In  the  line  of  section  (fig.  16),  the  Upper  Calcareous  Grit  comes 
on  a  little  west  of  the  villfi^^  of  Sproxton :  it  may  there  be  seen  on 
its  outcrop,  forming  a  light  soil  favourable  to  the  cultivation  of 
roots.  Near  the  village,  however,  the  highest  part  of  which  just 
reaches  the  350-feet  contour,  the  country  is  covered  up  by  a  supcr- 
$cial  deposit  (x  of  fig.  16)  of  considerable  thickness.  This  is  princi- 
pally a  mixture  of  sand  and  Bag  pebbles ;  and  farther  -cast,  where 
this  is  not  present,  there  are  patdies  of  blue  clay,  most  probably 
shallow  outliers  of  Kimmeridge  Clay.  But  the  Upper  Calcareous 
Grit  is  again  seen  in  situ  on  the  west  side  of  the  alluvial  flat  iu 
which  the  river  flows  opposite  Eye  House.  The  same  class  of  rock 
is  again  seen  on  the  east  side,  forming  the  little  precipice  on  which 
Bye  House  is  built.  It  is  extremely  red  and  cherty  near  the  sur- 
foiee;  this  passes  steadOy  under  the  Kimmeridge  Clay,  as  previously 
stated. 

One  of  the  chief  points  of  interest  in  the  Hambleton  District  is  to 
trace  the  gradual  change  from  the  types  of  the  Tabular  Eange 
(which  includes  the  Pidkering  and  Scarborough  Districts)  to  thosq 
wluch  prevail  in  the  Howardian  Hills,  and  to  note  more  especially 
what  becomes  of  the  great  deposit  of  the  Lower  Limestones,  and  of 
that  Middle  Grit  whid^  divides  them  from  what  is  usually  known  as 
the  Coralline  oolite*.  Natural  causes  fortunately  have  provided  uq 
with  a  section  of  the  Hambleton  massive  in  the  escarpment  which 
hounds  the  Gilling-Coxwold  erosion  on  the  north,  at  the  same  time 
that  it  forms  an  abrupt  termination  to  the  chain.  The  portion  of 
t^  escarpment  between  Ampleforth  Beacon  and  Oswddkirk  is 
peihaps  the  most  instructive. 

In  order  to  connect  this  section  with  the.  main  Hambleton  one 

*  This  wiU  serve  to  explain  the  amount  of  stjratigmphy  introduced  into  tbia 
^vtioQ  of  the  paper* 
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(fig.  16X  attention  to  tbe  following  points  will  bo  necessary.  The 
two  are  approximately  parallel ;  tbe  distance  between  tbem  about 
1|  mile.  Their  eastern  terminations  correspond ;  but  AmpleCorUir 
Beacon  quarry  (e  of  fig.  17)  is  due  south  of  a  point  300  yards  to  the 

Fig.  17. — Section  from  AmpUforth  Beacon  to  OswaldJcirk  {aboxii  2  mile8> 
/0 


w. 

676  ft 


S. 

1      lOOlL 


0.0, 


Base-line  225  feet  above  lea-lereL 

1.  Lower  Calcareoas  Grit. 
2'.  Passage  beds. 

4.  Coralline  Oolite. 
4'.  Coral  Raff. 

5.  Upper  Calcareooa  Grit. 
O.  C.  Oxford  aay. 

e.  Limestone  quarry  at  Ampleforth  Beaooa. 

/.  Quarry  above  Oiwaldkirk  Hagg. 

ff.  Quarry  below  Oswaldkirk  Hagg. 

h.  Quarry  in  Oswaldkirk  village. 

x-f/.  Ampleforth  College  to  St  Oswald's  Charoh. 

west  of  Sproxton  quarry  (d  of  ^g,  16).  This  fixes  the  relation  of  the 
two  sections.  As  regards  elevation,  the  Coralline  Oolite  has  risen 
from  d  of  ^g,  16, 450  feet,  to  <?  of  fig.  17,  675  feet.  This  is  the  greatest 
elevation  attained  by  it  in  any  part  of  Yorkshire.  It  wiH  be  ob- 
served that  this  escarpment  runs  nearly  in  the  same  direction  as  the 
dip.  The  beds  fall  over  towards  the  north,  however,  especially  on 
the  reverse  slope. 

The  line  from  a?  to  y  represents  the  level  of  the  road  between 
Oswaldkirk  and  Ampleforth  projected  upon  the  section,  x  being  the 
position  of  Ampleforth  College.  Starting  from  this  point,  the  road 
to  within  a  short  distance  of  quarry  g  passes  over  Oxford  Clay,  but 
east  of  this  point  enters  tbe  Lower  Calcareous  Grit,  all  the  beds 
descending  with  a  considerable  dip  to  the  eastwards.  There  are 
several  quarries  in  the  Lower  Calcareous  Grit  at  various  points  in 
the  escarpment  between  the  two  villages.  The  stone  is  very  un- 
fossiliferous,  end  presents  few  features  of  interest;  but  we  have 
altogether  failed  to  detect  the  Hambleton  Oolite,  or  Lower  Lime- 
stone, as  a  distinct  formation. 

In  a  district  where  both  faults  and  landslips  tend  to  obscure  and 
mislead,  it  may  be  dangerous  to  calculate  thicknesses  from  heights 
taken  upon  an  escarpment ;  but  there  seems  good  reason  to  suppose 
that  the  Lower  Calcareous  Grit  is  at  least  100  feet  thick  in  that 
portion  of  the  escarpment  between  e  and  /.  It  is  succeeded  by 
impure  gritty  oolites  and  speckled  grits,  which  exhibit  few  traces  of 
fossils  in  this  locality.    These  constitute  throughout  this  district  the 
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beds:  they  are  well  seen  under  the  great  elm  tree  on 
irk  bank,  where  they  appear  as  buff  calc-grite  with  straw- 
ova,  and  are  blue-centred  in  layers:  there  is  a  gradual 
of  calcareous  matter  upwards.  Fauna  scanty — a  stray 
wVi,  uivieula  ovalis,  Opis  FhilUpsi,  aU  smalL  Probable 
B  from  15  to  20  feet. 

►  these  the  Corallian  Limestones  are  well  developed.  The 
>ed,  at  the  great  elm  tree,  is  a  very  white  limestone  with 
iiells,  mostly  Chemnitzia,  Commencing  from  the  eastwards 
a  fine  exposure  in  Oswaldkirk  quarry,  h  of  ^.  17. 

fL 

B.    Upper  Oaloareous  Qrit   8 

4'.  Coral  Rag 22 

4.    CkemnitziaAimo&UmeB  (Coralline  oolite) 24 

M 

thickness  of  the  Coralline  oolite  (4)  in  Oswaldkirk  Ib  from 
)  feet.  The  difference  between  this  class  of  rock  and  the 
ig  Hag  is  not  so  marked  within  the  range  of  this  section. 
Is  are  mostly  thick  blocks  of  creamy  limestones,  with  a  few 
onred  ova,  very  much  resembling  in  their  lithological  aspect 
r  the  intercoralline  beds  of  the  Eag;  but  the  absence  of 
florigemma  and  of  recognizable  corals  constitutes  a  difference 
>ecomes  more  marked  as  we  descend.  Chemnitzia  hedding- 
,  IferinaUj  Astarte  ovata  are  the  most  usual  fossils.  The 
«ds  yield  Ammonites  plicatilis.  Following  this  subdivision 
rise,  we  find  it  on  the  top  of  the  hill  at  quarry  /  with  only 
f  Bag  over  it. 

Section  at  Quarry  t^  On  the  top  of  Oswaldkirk  Hagg, 

it.  in. 
ular  patchea  of  Upper  Calcareoua  Qrit,  aasociated  with  a  fer- 
rinoua  claj  filling  hollows. 

Rag  (aeejpos/^a,  page  368) 6    0 

jit/!ria-lime8tonea,  the  equiv&lenta  of  the  Coralline  oolite,  aa 

Iowa : — 

Amy  limestones  with  a  few  uniyalyee,  alternating  with 

rownish  hackly  oolite  and  hraah 6    0 

e  principal  sdell-beds:  Chemnitzia  heddingtonmsia  of 
1  sizes  in  great  proftudon ;  Nerinaa^  Astarte  ovata,  Exo- 
fra  nana  plenti^ ;  Lucina  oculua,  Idttonna  fMuricata, 

^rt^At«m  m«rtca^«m  less  plentiful  6    0 

lite  creamy  limestones  with  buif-ooloured  granules :  few 

iells 9    0    21    0 

27    0 

depth  of  21  feet  probably  represents  the  full  thickness  of  the 
imt  of  the  Coralline  oolite,  which  has  its  last  exposure  in 
orth-Beacdn  quarry.  Westwards  of  that  quarry  it  crops  out, 
thins  out  to  a  feather-edge ;  we  are  not  certain  which  is  the 


^f 


i^:  i  41 
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Section  ai  AmpUforih-Beaeon  Quarry  (east  end). 

it    in. 
5'  &  5.  Rod  day,  with  boolden  and  fraffmenta  of  Upper  Oaleareoaa 

Orit  filling  up  gaps  and  flasures  in  me  limestone nothing  to    10     O 

4'.  Coral  Baf— principally  T^&omnaafrtfa ;  the  upper  portions  are  mudi 
ohaloedonued ;  Cidaria  floriffenma,  Exogyra  nana,  but  few  shells 

nothing  to     4     O 
4.   CAf/nitt^'a-limeetones,  the  equifilenta  of  the  Coralline  oolite»  about    18    O 

Here  the  upper  portion  of  the  eqniyalents  of  the  CoraUine  oolite 
has  much  resemblanoe  to  the  intercoralline  portions  of  the  Bag,  as 
wo  have  previously  noticed  with  regard  to  the  quarry  at  Oswald- 
kirk.  Lower  down  Chemnitzia  and  Nerincea  become  more  numerous ; 
and  about  12  feet  below  the  base  of  the  Bag  there  is  a  splendid 
mass  of  shells  occurring  in  the  creamy  limestone  with  buff  granules, 
so  characteristic  of  the  CoraUine  oolite  of  this  district.    We  noted : — 


v,e,  Lucina  Beanii,Xy<;.  (?aliena  FkiL\ 

c,    oculus,  Bl,  4"  H. 

e,    Astarte  orata,  Smith  (large,  both 
valTes). 
Opis  Fhillipsi,  Marr, 
Pseudodiadema  rersipora,  PkA 
Phasianella  striata  in  the  bottom 
bed. 


Belemnites  abbreyiatus,  Miil, 
v.c,  Chemnitzia  beddingtonensis,  Sow. 
c    Nerinsea  fiisciata  ?,  Volts. 

Cerithium  muricatam,  Sow, 
r.    Littorina  murioata,  Saw, 

Cylindritos,  sp.  (small). 
v.c,  Exogyra  nana,  Sow, 

Lima  elliptica,  Whit. 

Pema  mytiloidee,  Lam, 

The  character  of  the  fauna  and  the  richness  of  the  beds  at  onoe 
shows  the  difference  between  this  limestone  and  the  Hambleton 
oolite.  It  is  the  true  Coralline  oolite,  on  which  the  true  Cidaris^ 
Jlorigemma  Hag  reposes,  constant  in  tlie  main  to  its  development 
even  here  on  the  edge  of  the  moors,  but  apparently  thinning  out  on 
the  rise  from  what  we  have  seen  it  at  Sprozton,  1  j  mile  north,  and 
at  Oswaldkirk,  1|  mile  east 

The  Coral  Bag  (4')  attains  its  maximum  thickness  in  this  line  of 
section  towards  the  east  end  of  Oswaldkirk  village,  where  there  is  a 
face  of  probably  not  less  tiian  22  feet.  In  the  Birch-House  quarry 
(just  beyond  the  east  end  of  the  section)  it  forms  a  bold  precipioop 
weathering  in  large,  swelling,  rounded  masses,  which  exhibit  much 
Thamnastrcta  and  Thecosmilia,  with  profusion  of  spines  of  Cidaris 
Jlorigemma,  plenty  of  Ostrea  nana^  Pecten  vimin^us,  &c  Throughout 
the  village,  wherever  there  is  an  exposure,  we  note  the  usual  inter- 
coralline beds,  which  tend  to  swell  out  the  Bag.  In  the  softer 
portions  of  such  beds  Terebratulq  instgwisy  8chub.,  is  not  unfrequent 
In  some  places  the  upper  surface  is  so  extremely  uneven  as  to 
suggest  the  idea  of  unconformability  with  the  succeecUng  formation ; 
but  this  is  no  doubt  due  to  the  fissuring  and  shifting  of  a  more 
recent  date,  as  we  find  the  hollows  filled  in  with  Upper  Calcareous 
Grit  in  a  tumbled  and  fragmentary  condition,  showing  that  it  too 
was  deposited  and  consolidated  before  such  fissures  were  fbnned. 

Tracing  the  Coral  Bag  on  the  rise,  it  forms  the  steepest  part  of 
the  hill  for  some  distance  westward  of  Oswaldkirk  viUi^ge,  and 
begins  to  constitute  the  surface  of  the  plateau  about  quany  /, 
though  the  hollows  in  it  are  fiUed  up  by  Upper  Calcareous  Gnt  and 
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ilie  before-mentioned  red  day.  At  quany  /  it  is  only  6  feet  thick. 
IHietiier  this  diminution  is  due  to  denudation  of  the  upper  surface 
or  to  thinning  on  t^e  rise  is  not  certain ;  but,  as  the  Coralline  Oolite 
deariy  thins  on  the  rise,  this  subdivision  may  also  bo  affected.  In 
tiie  easterly  continuation  of  this  escarpment,  outside  the  section,  the 
Bag  at  tiie  Nunnington  cutting  is  only  8  feet  thick.  On  the  whole 
we  are  indined  to  conclude  that  the  attenuation  is  due  to  thinning, 
and  that  at  Oswaldkirk  we  perceive  the  middle  of  a  partially  lenti- 
odar  mass  of  Bag  thinning  towards  the  east  and  the  west.  In 
quarry  /  an  old  weathered  surface  exhibits  a  fine  arabesque  of  TJuco* 
mmlia  in  an  upright  position,  with  very  large  specimens  of  Chem" 
niUna,  Easogyra  nana^  Pectm  vimineus,  Lima  lagviuscula^  LitMi 
peetinifarmis,  and  Oidari^florigemma  (spines)  are  plentiful.  2%am- 
nastrcea  araehnoides  and  Stylina  tvhvdif&ra  noted. 

Anally,  there  are  traces  of  the  Rag  at  the  east  end  of  Ampleforth- 
Beacon  quarry ;  but  it  is  probably  no  longer  continuous. 

The  Upper  Calcareous  Grit  (5)  of  this  district  assumes  consider- 
able importance,  being  fully  BO  feet  thick  on  Oswaldkirk  Bank  top : 
it  extends  over  the  escarpment  with  a  N.N.E.  slope  till  it  insensibly 
passes  under  the  Kimraeridge  Clay  of  the  vale  of  Pickering.  Indi- 
cations of  its  presence  may  be  noted  between  Ampleforth-Beacon 
quarry  and  quarry  /;  but  a  field  or  two  east  of  the  latter  it  has 
entire  possession  of  the  surface  of  the  plateau,  and  holds  it  also 
between  Oswaldkirk  and  Nunnington  cutting,  the  escarpment  no 
longer  sinking  materially  in  this  direction.  Between  the  latter 
points,  eastward  of  the  section  ^^.  17,  there  are  several  instructive 
exposures. 

In  the  Nunnington  cutting  we  have  the  following.  The  dip  at 
the  bridge  is  about  5^  N.  ^  E. 

fL  in. 
tofiMse  aoemnnlatdoiis  and  ferruginous  gritty  brash  forming  the  top  of 

the  Upper  Calcareous  Grit 7    0 

Upper  UBkLcareous  Grit  m  solid  blocks   25    0 

Conl  Bag.    Block  coralline  and  sparry  limestones,  with  Theeosmilia  and 

Tkamiuuir€Ba'.  many  fossils 8   X) 

Conl  shell-bed.  A  peculiar  white  ooUte,  exhibiting  in  some  places 
reliefs  marked  bj  an  occasional  coral,  spines  of  CU.  floriyemnia,  and 
more  rarelv  of  Hemicidaria,  Natica  clio,  Nerinaa,  Ckemniisia  (short 
var.  of  heidinfftonennsT^  and  numerous  Exogyra  tuma ;  the  upper 

part  is  the  most  fossiJiferous 3    6 

Unfoasiliferous  sbiveiy  ooUtes 

In  a  limestone  quarry  a  few  yards  to  the  west  of  the  cutting 
there  is  already  some  difference.  ^  . 

Upper  Calcareous  Grit  (base  only  seen) 4    0 

Cord  Baff,  extremelj  fossUiferous  7    0 

Coral  sh^-bed.  An  oolite,  with  occasional  spine  of  Cid.florigemma  ...  2  <> 
Coralline  OoUte. 

Bed  of  oolite  limestone 2    6 

Suboolitic  sh^y  bed,  with  GermUia  aviadoidea,  Cerithium  ffmricatum, 

TVi^emia  (daTellato  sp.),  &c 1     6 

SiiTefT  oolites,  haTing  the  character  of  thick-bedded  limestones,  con- 
taining occasional  specimens  of  Ammonites  plicatUU,  but  not  vei^ 
rich  in  shells.  ^ 
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The  Nunnington  railway-cutting  affords  the  thickest  se 
the  Upper  Calcareous  Grit  to  be  found  iu  Yorkshire.  It  is 
a  porous  fine-grained  stone,  in  parts  almost  devoid  of  lim 
beds  are  thick,  and  rather  blue-centred.  Although  there 
been  time  to  weather  out  the  true  structure,  we  have  indicj 
huge  doggers  in  the  upper  beds,  and  of  the  tuberous  and  bi 
forms  80  common  at  Pickering.  It  lies  with  perfect  re^dar 
the  smooth  even  surface  of  the  Coral  Rag.  Ammonites  \" 
quently  met  with,  especially  in  the  upper  beds,  during  the 
tion  of  the  line  ;  we  hive  not  had  the  good  fortune  to  meet  y 
of  the  large  ones,  and  are  thus  unable  to  say  how  far  the 
spond  with  those  of  the  Kirkdale  cutting  (see  page  348). 
interior  whorls,  such  as  would  bo  called  *'  biplear,^*  were  ( 
and  may  also  now  be  picked  up  on  the  fields.  It  does  nol 
(hat  the  formation  is  rich  in  the  smaller  ifollusca  in  thi 
bourhood,  as  the  following  small  list  will  show.  Beleinniie$ 
mocones  of  ^.  ahhreviaiu^  or  of  B.  nitidus\  Ammonites,  sp.  (c 
manni,  Cent.),  a  very  involute  form,  A,  hq^hx  (small  interior 
A.  alternmiSy  Yon  Buch  {A,  serratus.  Sow.),  Pe^ten  midas, 
Modiola  amceUata^  Eom.  This  last  shell  is  not  unlike  the 
pulchra  of  Phillips  (figured  as  a  Kelloway  fossil,  pi,  v.  fig,  i 
Yorksliire  it  is  usually  indicative  of  a  high  position  in  the  ( 
series,  being  foiind  in  ihe  Hildenlcy  limestone.  We  have 
recorded  it  from  the  great  shell-beds  of  Ilighworth,  and 
Lamb-and-Flag  in  the  Wilts-Berkshire  area. 

The  Coral  Eag  of  the  Oswaldkirk  district,  especially  abo 
nington,  is  rendered  very  interesting  by  the  quant itj*  of  Th 
which  it  contains,  and  also  by  the  profusion  of  spines  of 
florigemma.  The  varieties  of  Coral  are  perhaps  more  con; 
than  is  generally  the  case  in  Yorkshire,  as  we  frequently  m 
MontUvaltki  dispar  and  Sty  Una  tubulifei  a,  hesides  the  more 
reef-building  forms  :  in  these  respects  it  differs  much  f 
CidaHs-SmWdi  Rag  of  Seamcr-Brompton,  chiefly  remarl 
Thamnastro'a  concinna  and  lllwhdophyllia, 
Tho  principal  fossils  noted  are  : —  * 


Nalica  Clio,  D'Orb. 
Chemnitzia  (short  form  of  hed- 
aingtoneusis.  Sow.), 
erina-a  fasciata.   Volts, 
jfjttorina  muricata,  Sow. 
^agrogaria,  Sow, 
Iforeana,  Btwiy, 
nana.  Sow. 


Pecten  vimineiis,  Sow. 
liima  pec  tin  i  form  IB,  Sou 
Modiola  inelusti,  FAU. 
Cida rie  florigemma,  Phil 
Hemicidaris  intermedia, 
Stomechinus  gTratu8»  J^ 
Gljptie      hierogljphicu; 


c'd  ill  {\i, 


^hstrict  just  described  is  prolonged  for  abou 

in  the  singular  Cauklass  promontor}%  wl 

'lit  into  a  sea  of  Kimmcridge  Clay  at  the 

significant   of  the  physical   features,  which 

>  uacien  termination  of  the  various  Corallian  lii 

are  some  exceptional  eh 

'Strict,  where  a  complete 
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of  erery  tiling  from  the  Lower  Calcareous  Qrit  of  Canklass  Bank, 
through  the  passage-beds  into  the  Coralline  ooUte»  and  thence 
through  the  Coral  Bag  into  the  Upper  Calcareous  Qrit,  may  be 
obtained.  The  features  of  the  Oswaldkirk  escarpment  are  to  a 
certain  extent  repeated,  and  the  reverse  or  dip  slope,  facing  the 
north,  is  soon  covered  over  by  Upper  Calcareous  Grit.  At  the 
qnarry  near  Cauklass  End  there  is  a  small  univalye-bed  in  a  com- 
pact limestone,  similar  to  one  at  Pickering,  and  perhaps  on  about 
the  same  horizon.     We  have  determined  the  following  species : — 


Onithiam  inom&tam,  Butng. 

linueformei  R&m, 

muricatum.  Sow, 


Gerithium,  sp.  (cf,  TirdanenM, 

Buvig.y  xxrii.  13). 
PbaBisnella  ttriaU,  Sow,  (jut.). 
Bissoa  ?  sp. 

The  upper  portion  of  this  quarry  contains  a  remarkable  shell-bed, 
whose  true  position  in  the  series  is  not  easily  fixed,  though  it  would 
•eem  to  be  somewhere  on  the  boundary  line  between  the  Corslline 
oolite  and  Coral  Bag.  Chemiutzia^  Nerincga^  and  AsUirte  ovata  are 
the  prevailing  shells ;  here  was  found  the  fine  clavellate  Trigonia 
recently  figured  and  described  by  Dr.  Lycett  as  Trigonia  HudUstoni, 

4.   DiBTBlCT  OP  THE  HoWABDTAW  HiLLS. 

The  fourth  district  into  which  we  have  divided  the  Yorkshire 
Corallian  area  includes  the  inner  portion  of  the  range  of  hills  which 
bounds  the  vale  of  Pickering  on  the  south-west  (see  Map,  fig.  10,  p. 
316).  lliis  range,  consisting  wholly  of  Jurassic  rocks,  is  completely 
buried  beneath  the  still  loftier  Chalk  Wolds  a  few  miles  east  of  the 
Derwent  valley,  which  divides  the  Howardian  range  into  two  very 
unequal  parts.  The  stratigraphy  of  the  district  b  much  more  com- 
plicated tiian  that  of  the  far  more  massive  Tabular  range,  already  de- 
•eribed  in  the  three  preceding  sections,  and  is  therefore  of  little 
assistance  to  us.  in  judging  of  the  sequence  of  the  various  rocks.  The 
following  arrangement  is  therefore  based  principally  on  palseonto- 
bgioal,  and  sometimes  on  petrological  data ;  and  no  attempt  at  a 
connected  topography  is  made. 

We  should  naturally  expect  that  the  highest  beds  throughout  this 
range  would  be  found  along  the  northern  edge  of  the  hills,  as  they 
are  generally  along  the  southern  edge  of  the  Tabular  rangei  but  tLis 
is  by  no  means  the  case  either  east  or  west  of  the  Derwent.  The 
beds  crop  out  sometimes  to  the  south  and  sometimes  to  the  north. 

1.  Wbst  of  tab  Dskwent.  Lower  Calcareous  Orit  and  Passage- 
beds. — We  shall  first  describe  the  development  of  the  Corallian  rocks 
on  the  west  of  the  Derwent,  and,  beginning  at  the  base,  take  our  first 
illustrative  section  from  the  Park  quarry.  Castle  Howard.  There  is 
a  steady  dip  in  this  quarry  about  N.N.E.,  which  is  the  normal  dip 
of  the  beds  in  the  Howardian  Hills,  judging  from  the  general  out- 
crop»  Here  we  may  trace  the  beds  down  to  the  Oxford  Clay.  The 
Park  quarry  shows  a  face  of  some  12  feet  of  a  light,  porous,  and 
thoroughly  typical  calc-grit  Its  fossil  contents  too  are  equally 
typical ;  it  is  remarkable  for  large  Aptychi,  and  for  the  phrag- 
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mocones  of  immenso  Belemnites,  1>e«ide8  abnndaiioe  oi  eonii 

wood.    The  fossils  known  to  ns  are  :— 

c.   BelemnitM  abbrcrlatus,  Mill,  ]  Exogyra  (OBtrea)  nana,  Bom 

(phnffmooon(»8).  ?  young  of  dflataU, 

«.    Anunonites  cordatu.s  ^nc.  c.    Ftelea  fioRMoa,  £S0v. 

. Tcrtebralig,  Sow,  c,  Modiola  biparCita,  Sow. 

e.    perar mains,  ^k>w.  vx»  Bhynchonella  Thunnanni,  1 

c.    Grjphiea,  or  Ostrea  (largo)  dila-  CouTrites  bioordatoa,  Lake 

tata?,  Sow,  Tarlety). 

«.   Holeotypoa  dopwu«>  Lam, 

The  Mill-Hill  quarry  on  the  east  aide  of  the  Park  preaa 
with  a  similar  fauna ;  but  there  ia  more  of  the  hard  blue 
mingled  with  the  freestones.  The  tolerable  abondance  ofAmn 
armattis  in  both  these  quarries  at  Gaatle  Howard  indicatee  thai 
are  low  down  in  the  Lower  Calcareous  Grit,  the  basal  porti< 
which  are  thus  illustrated. 

Higher  portions,  according  to  our  judgment,  of  the  same 
may  be  seen  some  4  miles  to  the  K.W,  of  this  in  Horingbam 
where  the  beds  are  cropping  out  to  Uie  north.  Here  the  foil 
section  may  be  seen  : — 

1.  Soil,  shattered  rock,  and  coral  doggers 

2.  Fine  white  oolite  (CoralUu.?  oolite)    

3.  Shale,  eometimos  merely  a  clay  streak 

4.  Impure  yellowish  hmestones  spotted  with  oolitic  granuiei^  the  bottom 

bed  almost  acalc-grit    .- 

5.  Blue  shale 

6.  Peculiar  argillaceous  calc-grit.  with  tliree  «lay  bands— fatse  not  seen, 

s&y  - • 


These  beds  are  unfortunately  very  devoid  of  fosdls ;  but  w 
judge  them  to  represent  the  upper  part  of  the  Lower  Calci 
Grit  as  it  is  changing  into  the  Coralline  Oolite :  the  impure  i^ 
limestone  has  much  of  the  lithological  character  we  noted  i 
Passage-beds  at  Oswaldkirk  and  Canklass  Bank,  on  the  op 
side  of  the  erosion  which  divides  the  Hambleton  feom  the  Howi 
Hills.  It  also  resembles  a  fossiliferoos  rock  which  we  oonsi 
occupy  the  same  geological  position  at  Appleton.  The  upper  p 
is  here  so  broken  that  we  cannot  tell  what  suooeeds  ;  but  th 
sence  of  coral  doggers  in  the  top  shows  that  the  Bag  is  not  j 
the  hill ;  perhaps,  however,  it  would  be  unsafe  to  judge  ^  repre 
tive  of  the  Coralline  oolite  from  this  small  exposure,  as  Hoviu 
quarry,  only  half  a  mile  off,  gives  us  25  feet  of  this  class  of 
The  clays  and  shales  are  here  an  interesting  feature,  which. 
certain  extent,  is  peculiar  to  this  area. 

The  next  section  offered  for  consideration  is  more  interestinj 
that  at  Appleton,  a  village  about  halfway  between  Hovingfaai 
Malton,  where  there  is  apparently  a  sligbt  upthrow  of  the  stn 
that  a  low  horizon  is  obtained.  The  annexed  general  scheme  < 
Corallian  beds  (fig.  18)  is  drawn  up  from  observations  made  i 

'  '^-sandstone  *'  quarry  west  of  thd  village,  in  the  diureh  qi 
of  the  village. 
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Fig.  18. — OeHeral  Section  of  ComUian  beds  near  Appleton. 


A.  AltemationB  of  hard  oolitic  limestone  and  braab. 

B.  Paaaagfr-beds,  fossUiferous,  4-7  feet 

C.  Xx>wer  CalcareouB  Grit,  upper  beds. 

C.  These  are  the  highest  beds  of  the  Lower  Calcareous  Grit ; 
about  14  feet  are  quarned.  The  actual  thickness  of  the  formation 
here  is  uncertain ;  but  water  is  obtained  at  a  moderate  depth,  and 
titers  are  springs  on  the  escarpment  facing  tbe  north.  The  beds 
Tiaible  oonsiBt  of  alternations  of  soft  buff  and  hard  blue  rock,  which 
are  £Edrly  fossiliferous,  especiallj  on  approaching  the  next  group. 
These  are  the  "freestone"  and  "flint"  of  the  workmen.  The 
^' flint,"  or  hard  blue,  occurs  in  beds,  and  sometimes  in  doggers. 
The  top  bed  included  in  this  series  is  pretty  Ml  of  BhynchaneUa 
Tkurmanni ;  it  sometimes  presents  the  speckled  appearance  of  tbe 
next  group.  The  Ammonites  &c.  lie  mostly  towards  the  upper 
part;  the  following  are  noted — Nautilus  hexagonuSy  Ammonites 
cordatus  {exeavatus\  A.  goliathuSy  A.  plicaiUis  ?  (-4.  perarmatus  is 
kis  common),  Qryphoea  dUatata,  Qlyphea  rostrata^  teetb  of  PZto- 
unaits  and  Lamna?,  wood.  Some  of  the  Brachiopoda  quoted  in  the 
next  series  are  also  met  witb. 

B.  6andy  speckled  limestones  of  considerable  hardness,  varying 
from  buff  to  blue,  and  constituting  a  stone  difficult  to  describe  but 
easily  recognized.  These  are  beds  intermediate  between  the  Lower 
Calcareous  Grit  and  the  oolites,  and  represent,  to  a  certain  extent, 
the  passage-beds  of  the  Tabular  range.  They  are  somewhat  ixre- 
golarly  developed,  and  vary  in  the  different  quarries.  The  fauna  is 
much  the  same  as  the  top  bed  of  ealc-grit,  but  richer  both  in 
individuals  and  species.  In  addition  to  some  of  the  Ammonites 
thready  quoted,  the  following  may  be  deemed  characteristic : — 


Pecten  fibrosnB,  Sow, 
Avicnla  oralis,  PM, 

ezpaiiaa,  PkU, 

Trigonia*,  »p.  n. 
Wudheimia  Duoealenta,  Sow, 
Torebratula  ffleyenns,  Walk, 


Bhynohonella  Thurmanni,  Voltz, 
GH^jpbea  rostrata,  PkU, 

soabroaa,  PhiL 

EchinobriflBua  seutatua^  Lam, 
Millericrinus  echinatus,  Golc(f, 


*  A  new  scaphoid  form  remotely  related  to  Trigonia  recticoata,  Iatc,  of  the 
Inferior  oolite;  it  occurs  on  tbe  same  horizon,  associated  with  Waidheimia 
HudLutoni  and  TerebrtUula  fiUyensis^  in  the  neighbourhood  of  Snainton« 
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The  association  of  Brachiopoda  strongly  reminds  us  of  th 
ferous  group  a  few  feet  above  the  ball-beds  at  Filey ;  Mill 
echitiatufi,  essentially  a  lower  passage-bed  form,  is  also  abui 
both.  There  is  moreover  a  strong  lithological  resemblanc 
peculiar  speckled  character  of  the  stone.  Altogether  this  ia 
exposure  obtained  in  the  Howardian  Hills  of  a  fossiliferous 
the  junction-beds  between  the  Lower  Calcareous  Grit 
oolites  (Corallian  Limestones).  They  diflPer  much  from  the 
type  of  passage-beds  (the  flaggy  ferruginous  calc- grits)  of  tho 
Hills. 

A.  Not  much  more  than  2  feet  of  this  series  is  observe* 
church  quarry  ;  but  14  feet  of  it  may  be  seen  in  the  "  old-san 
quarry  west  of  tho  village.     There  the  group  consists  of 
beds  of  hard  white  oolite,  separated  by  alternations  of   y 
brash,  full  of  Echino'.rissus  sat  tat  m^  like  so  many  eggs  pj 
sawdust.     HoliCti/pus  is  less  frequent ;  Ammonites  cordaius 
noted,  and  a  stray  Chtmniizia  here  and  there  ;  but  it  is  easy 
ceive  from  the  barrenness  of  the  old  exposures  that  fossils 
It  really  looks  as  if  the  oolite  of  the  Lower  Limestones  had 
again,  although  we  have  failed  to  recognize  it  in  the  extren: 
of  the  Hambleton  District  (see  fig-  17),   Very  similar  beds,  r 
fine  spocimens  of  Echtnobrisstis  scvtatus  and  Amm.  pluatiUs^ 
at  Swinton  Grange,  which  is  nearer  to  Mai  ton,  and  on  mucl 
ground. 

If  we  again  seek  a  section  showing  these  passage-beds  i 
oolites  above,  such  a  junction  may  be  observed,  as  at  Appl 
the  Bi-owa  quarry,  situated  in  the  western  suburb  of  Malton 


Section  in  the  Brows  Quarry,  Malton, 

^a,  Buff-colourod,  grittT,  puboolitic  liTTiestones  and  brash  „ 

6.  Bed  oocaaonally  containing  much  fine-grained  calc-grit  

liuff-rolonr*d  gritty  limestones,  with  a  Terr  few  straw-<>o 

loured  granules  in  thick  beds  with  thin  bra«hy  partings 

Calc-grits,  i.  e,  freestones,  alternating  with  blue  stone ;  Am 
monitm  flkmtHis  in  the  upper  part,  GlypAea  rostrata,  Gry 
fkmm  tUhtmtmfay  wood,  Jcc,— not  rerj  fossiliferous 


lirast  between  this  exposure  and  that  at  Appletoi 
due,  even  on  the  same  horizon,  to  the  accidenti 
Brachiopoda  are  entirely  absent  (to  the  best 
€  and  the  upper  part  of  rf.     c  in  this  sectio 
of  the  very  fossiUferous  passage- beds  of  Ap 
Tcry  marked  difference  in  any  of  the  beds  i 
.  rf  the  quarry.     The  fossils  noted  are  Amm,  jj 

time.    The  quarTym 


"oode 
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(interior  whorls),  A.  tordatuM^  PtcUn  Jihrosua,  Avicula  ovaltiy  Pleu- 
rtmiya,  sp.,  and  JBchinohrissus  scutatus.  Altogether  groap  A  of  this 
anarry  comprlBes  groups  A  and  B  at  Appleton,  the  thickness  heing 
u&e  same,  viz.  about  20  feet.  It  has  already  been  intimated  that 
tbese  limestones  have  yery  little  in  common  with  the  ordinary  Coral- 
line oolite ;  how  far  they  represent  the  oolite  of  the  Lower  Lime- 
stones remains  to  be  proved.  It  is  by  no  means  impossible  that  the' 
odites  of  Broughton,  Swinton,  Amotherby,  &c.  immediately  overlie,  or 
take  the  place  of  the  upper  part  of  this  group,  as  in  their  gcueitd 
eharacter,  and,  to  a  certain  extent,  in  their  fossil  contents,  they  are 
rery  different  from  the  Coralline  oolite  of  Old  Malton.  But  this  qnes- 
tioD,  and  also  the  possible  presence  of  some  equivalent  of  the  Middle 
Calc^rit,  must  be  left  open  for  the  present,  the  indications  being 
obscure  and  difficult  to  read.  Such  being  the  case  in  those  portions  of 
Yorkshire  most  readily  accessible,  it  is  not  surprising  that  the  great 
development  of  Middle  Grits  and  Lower  Limestones — a  discovery 
first  made  by  Mr.  Fox  Strangways — should  have  escaped  general 
notice  A  streak  of  brash  or  a  gritty  line  in  some  of  the  quarries 
may  perhaps  be  all  the  trace  we  have  of  any  separation  between  the 
two  limestones.  Perhaps  the  nearest  approach  to  any  thing  like  the 
Middle  Grits  hereabouts  is  in  the  old  quarry  at  Middle  Cave,  on  the 
north-west  side  of  Malton.  Here  we  perceive  a  very  gritty  lime- 
stone, 10  feet  thick,  preseuting  the  lithological  features  of  a  passage- 
bed  stone,  and  separating  two  oolites.  Towards  the  base  of  this 
series  there  is  a  ^ell-bed  charged  with  fossils,  generally  of  large 
size.  The  bed  is  noted  for  large  specimens  of  TAgonia  Meriani^ 
Peeten  intertextus^  and  Pholadomya ;  otherwise  the  fauna  is  much 
the  same  as  that  of  the  Pickering  jTr^OTita-beds.  In  column  11  of 
the  Table  of  Comparative  Sections  (PI.  XII.)  we  indicate  what  we  have 
ventured  to  consider  may  be  the  geological  position  of  these  beds. 

Coralline  Oolite, — The  succession  of  beds,  going  upwards,  in  this 
district  is  best  followed  on  the  east  side  of  Malton,  where  the  great 
quarries  in  the  Coralline  oolite  have  long  been  known,  but  not,  so 
far  as  we  know,  described.  The  Pye  pits  quarry,  close  to  the  town, 
from  which  chiefly  the  great  supplies  of  fossils  have  been  obtained*, 
is  no  longer  worked.  The  Thirsk  railway  traverses  this  old  exca- 
vation, and  discloses  for  the  most  part  moderate  dips  to  the  E.S.E. 
1^  line  crosses  the  southern  bounding  fault  of  the  Coralline  penin- 
sula near  the  Lady's  Spring,  and,  after  passing  through  a  considerable 
thickness  of  Coralline  oolite,  emerges  into  the  dry  valley  (apparently 
an  old  river-course)  which  bisects  the  town  of  Malton. 

To  the  east  of  the  railway  are  the  principal  quarries  now  worked. 
The  one  on  the  flat  summit  of  the  hill,  at  the  cross-roads,  is  just 
within  the  125-feet  contour. 


*  N  J3.  The  locality  *'  Malton  "*  is  quoted  by  dealers  and  others  for  all  oolite 
•Dd  Bag  foeails  within  a  radius  of  5  or  6  miles,  including  sometimes  the  Inferior 
Oolite  of  Whitwell. 
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Section  at  the  CrosB-roads  Quarry^  Peasy  HUU. 

ft.    in* 
Coral    {a,  SoiL    Braah,  which  is  eonlHne,  and  oontains  spinea  of 

Bag.     \         Cidaria  fUtrigemtna  « 7     O 

N3.  The  Coral  Bag  ie  best  seen  in  the  east  oomer  of  the 
quarry. 

ru^ii:.«  ^^*    White  oolite  not  T«ry  foosiliferous. 13    O 

^fN  ^/Shelly  oolites    f. 9    O 

ooute.    (*^- 1  Compact  fine^friinedooHtee 2    6 

81    6 

a.  There  is  not  much  Coral  Bag  dereloped  here,  but  quite  enoo^ 
to  prove  its  character.  It  may  be  traced  along  the  sur&oe  t^e 
whole  of  the  way  to  the  Highii^d-road  quarry,  and  thence  into  Old 
Malton  Tillage. 

6.  A  clean  white  oolite^  with  very  little  past^.  The  ova  are  of 
medium  size,  regular,  distinct,  and  usually  free  from  shell-fragments ; 
not  many  shells  are  to  be  seen.  These  oolites  have  a  fauna  some- 
what approaching  that  of  the  Bag ;  and  this  may  partly  serve  to 
account  for  the  very  mixed  character  of  the  fossils  which  come  frx>m 
the  Malton  district  in  an  undoubtedly  oolite  matrix.  PhasianeUa 
striata  is  plentiM  towards  the  bottom.  In  an  adjoining  quarry 
this  group  has  yielded  some  remarkable  coniferous  fruits :  see  de- 
scription in  the  Appendix  of  a  new  species  of  ArauearUes, 

c.  These  are  the  regular  Chemnitzia-heds  of  the  Coralline  oolite, 
and,  in  this  quarry  at  least,  contain  the  bulk  of  the  fossils.  The 
uppermost  bed  is  a  regular  **  rabbit-eye,''  i.  e,  a  mass  of  Chemniizia 
heddingionensis  in  transverse  section — along  with  other  shells.  The 
principal  shell-bed  is  thus  at  the  top  of  the  series,  as  seems  fre- 
quently to  be  the  case  throughout  the  oolitic  formations.  This 
group  is  less  oolitic  than  the  overlying  one ;  and  the  sedimentary  im- 
purities appear  to  be  rather  greater.  The  fossils  most  obvious  on 
the  weathered  surfaces  are  CTiemnitzia  heddingionensis^  Nerincta^ 
Astarte  ovata,  Lucina  aliena^  Phil.,  L,  oculuSy  Bl.  &  H. ;  the  less  fre- 
quent are  Amm,  plicatilis,  Cerithium  muricatum,  PhasianeJla  striata^ 
PecUn  lens,  Lima  Uxviuscula  (type  form),  Cucullosa  (small  sp.),  Cy- 
prina  eoraUina,  &c 

The  limestone  beds  below  have  been  proved  in  the  adjoining 
quarry  to  a  depth  of  several  feet,  making  a  toted  thickness  of  38  fo«t 
quarried  for  lime ;  many  shells  and  teeth  have  at  different  times 
been  obtained  from  these  beds.  There  is  a  well  in  this  lower  quarry 
in  which  about  8  feet  more  of  beds  has  been  proved;  these  arc 
stated  to  be  ^*  white  and  blue  rock,  all  lime,"  making  a  total  of  46 
feet  of  limestone.  This  may  bring  us  somewhere  about  the  Middle- 
Cave  beds,  or  even  the  top  beds  of  the  Brows  quany;  but  no 
inferences  are  of  much  value  in  such  a  district. 

It  will  be  perceived  from  the  above  statements  that  within  the 
space  of  about  30  feet  in  the  Cross-roads  quarry  we  have  three  dif- 
ferent classes  of  rock,  with  a  marked  change  of  character  in  eadi, 
showing  an  alteration  in  the  nature  of  the  sediment,  which  not  un- 
likely means  a  cessation  of  deposit  within  the  area,  or  even  a  partial 
submarine  denudation  before  each  fresh  set  of  beds  was  deposited* 


Digitized  by  VjOOQIC 


-  THB  OO&iJXZAV  BOCXB  OP  MHOLLSD. 


367 


he  iTntneTiBft  dilferenoe  between  the  Fhrigetnma-B^ig  and  the 
jring  limestones  (Coralline  oolite)  the  most  casual  observer 
lot  fiiil  to  bestruek;  bnthere  there  is  a  well-marked  difference 
gronp  we  term  the  Coralline  oolite,  as  may  be  seen  in  the 
msiderahle  change  which  is  noted  between  b  and  r.  The 
Themnitzia-hGda,  where  developed,  are  nsaally  found  to  ter- 
I  about  10  or  12  feet  below  the  Coral  Bag,  the  intermediate 
limestone  being  less  obyionsly  fossiliferous.  It  is  quite  pos- 
lat  in  other  quarries  (the  old  Pye  pits  for  instance)  b  may 
een  more  fosdliferonSy  and  may  perhi^  contain  a  partially 
fauna."  If  this  be  so,  it  will  serve  to  explain  the  mixed 
ter  of  the  following  list  of  fossils: — 

from  the  OoUUs  of  Mdlion  arid  the  neighbourhooiL     N,B.  AU 
tdmens  occurring  in  a  Bag  mairia;  only  are  excluded  from  thiM 
rf. 
itilia. 


Mytilus  jnreiisis,  Mcrian. 
CucalUea  oomllina,  Damon, 
Trigotiia  ICemui,  Ag, 

perlata,  Ag, 

,  Bp. 

tProtooardium  ifsocai-dioidc»,5/.^^. 
(?  lobatom,  Phil.), 
ir.c.Li]ciDA  alieiiA,  Phil, 

oculiw,  Ml.  f  ff. 

-^  ampliatd,  Phil, 
Corbis  Burignieri,  Desh, 
■        decunata,  Bumg. 

—  \mfi»t  Sow, 

"uniforms,  Bean,^ 

Tancredia  curtaiisata,  Phil. 
tJnicardium  plenum,  Bl.  cf-  H. 
Cyprina  coralUna,  1)'  Orb, 

e,  tAstarte  OTata,  Smith. 

Opis  PhilUpsi,  Af&rr. 
*Sowerbya  triangubiris,  Phil. 

Quenstedtia  lievigata,  Phil. 

Panopfles  gigantea,  Buvig. 

Anatirm  or  Soleinya,  sp. 
ftPhoIadomTa  paucicosta,  Boin. 

MyacitM  aeciirtatus,  Phil, 

recuTTUB,  Phil, 

,  ip 

GKmiomya  liU^rata,  Sow, 

Grewlya  peregrina,  Phil, 

PyguruB  pentiigonalis,  Phil. 

Hausmanni,  K.  if*  I), 

PhilUpsi  i,  Wrigid. 

Pygaster  umbrella,  Ag, 
«Schinobriasiifi  scutntu^^.  Lam, 
•HolectypuB  deprcssu?,  Lam, 

Carpolitbes  plcnus. 

—  conicus,  IJndL  tf-  Huff. 
Araooarites  EucUestoni,  Carr. 


emnites  abbreriatuik  MtU, 

-hat^taiuB,Jifomtf. 

-,  "p. 

imonitei  Tarioostatii^  BuekL 

-pUeatiliS)  Sow, 

-  oordatoB,  Sow, 
Rxmitda  heddingtonenBia,  Sow. 
ithium  muricatum.  Sow, 
rhnea  fiwciata,  Voliz  (fismeri, 

-  Tismgii  ?   or   Qoodhallii, 
hw, 

laianella  striata,  Sow, 
urotomaria  retieulata,  Sow, 
indrites  elongatus,  PkU, 
beooina  retusa,  Pkil, 
rea  tolitana,  Phil, 
fphaoEk  dilatata.  Sow, 
)gyranana,  Sow. 
omia. 
ton  TimineuB,  Sow. 

-  lens,  Sow. 

-  demissus,  Sow. 

-  intertextus,  Rim,    (canoel- 
fttuB,  Bean), 

-  lluiijiiicOsUilus,  I'hil. 

-  iibrosus,  Sow. 
[la  Iscyiuscula,  Sow* 

-  rigida,  Sow. 

-  elliptica,  Whif, 

-  pectin  if orm  is,  Schlot. 
icula  oval  is,  Phil. 
rvillia  aviculoides,  Sow. 
•na  mj'tiloides,  Lam. 
-,  sp.  n.  (York  MuBcum). 
chites  Plotii,  Lhwyd. 
tilufl  pectinatua,  S(m. 

)cie3  usually  indicative  of  alow  position. 

jcies  usually  indicatiTo  of  ft  high  position,  and  occurring  frequently  in 
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It  is  certainly  a  matter  for  regret  that  greater  precision  cannot  be 
given  in  the  way  of  localizing  the  ahove  list;  for  if  that  were  pos- 
sible a  great  step  in  advance  towards  a  proper  classification  of  the 
If  alton  oolites  might  be  made.  Still  it  is  certain  that,  althoogh  by 
no  means  exhaustive,  the  list  does  not  contain  any  species  whidi 
may  not  be  found  between  the  top  of  the  passage-'beds  and  the  base 
of  Uie  Coral  Bag,  excluding  both  these  subformations.  The  list  is 
no  doubt  highly  characteristic  of  an  oolitic  fades  in  the  widest  ac- 
ceptation of  that  term.  A  comparison  with  the  Coral  Rag  list  of 
Langton-Grimston,  subsequently  given,  will  be  found  instructive. 

The  general  character  of  the  Coralline  oolite  of  the  Howardian 
district  must  be  gathered  from  the  above  description  of  the  Malton 
quarries.  There  are  most  extensive  quarries  in  this  class  of  rock 
between  Malton  and  Appleton:  they  are  not  very  obviously  fossili- 
ferous ;  but  doubtless  such  fossils  as  they  have  from  time  to  time 
yielded  have  gone  to  swell  the  Malton  list  As  we  get  further  west- 
ward in  this  direction,  beyond  Appleton  for  instance,  the  Coralline 
oolite  does  not  make  such  a  display  in  the  quarries,  their  upper 
portions  being  occupied  by  Coral  Bag,  and  sometimes  by  an  inter- 
mediate class  of  beds,  already  alluded  to  under  the  name  of  Coral 
shell-beds,  where  the  branches  of  the  TJucosmUia  and  the  delicate 
fingers  of  Kkahdophyllia  are  mixed  up  in  an  oolite  or  limestone  con- 
taining shells  belonging  to  both  facies.  The  presence  of  corals,  and 
of  spines  of  Cidaris  Jlorigemma  induces  us  to  include  this  group 
with  the  Rag  of  this  district,  presently  to  be  described.  Through- 
out the  western  portion  of  our  Howardian  district  the  CoralUno 
oolite  occupies  a  place  far  inferior  in  intercstto  the  more  fossiliferous 
Coral  Rag,  there  so  richly  developed.  It  consists  for  the  most  part 
of  thick  beds  of  oolite  of  a  most  monotonous  appearance,  rarely  re- 
lieved by  a  Nerincsa  or  a  CTumnitzia,  These  beds  of  soft  stone, 
however,  are  much  quarried  for  lime;  they  have  a  thickness,  where 
all  seen,  of  fh)m  25  to  30  feet.  We  have  idready  alluded  to  a  quarry 
in  Hovingham  village,  where,  at  one  end,  about  25  feet  of  the  most 
unfossiliferous  oolite  in  Yorkshire  may  be  seen.  At  the  other  end 
of  the  quarry  a  portion  of  this  is  faulted  against  the  Coral  Rag,  and 
an  excellent  opportunity  for  observing  the  contrast  between  thetwo 
classes  of  rock  is  obtained. 

Coral  Rag, — ^The  class  of  beds  which  overlie  the  Coralline  oolite 
of  Malton,  and  of  the  region  to  the  westward,  presents  us  in  this 
area  with  considerable  variety,  being  sometimes  a  mineralized  coral 
reef,  bard  and  impenetrable  (as  is  the  case  with  the  lower  beds  of  ft, 
fig.  19),  sometimes  a  dense  creamy  limestone  with  few  but  large 
oolitic  granules,  and  sometimes,  as  at  Hildenley,  an  almost  homo- 
geneous limestone,  resembling  hardened  chalk. 

In  the  district  east  of  the  Derwent,  where  there  are  some  notable 
examples  of  the  reef-like  character  just  alluded  to,  we  have  abo  another 
phase  of  the  Rag,  of  which  the  North-Grimston  limestone  may  be  ac- 
cepted as  the  type.  There,  reposing  upon  crumbling  pisolites  with  a 
decidedly  Upper  Corallian  or  Rag  fauna,  are  thick  beds  of  indurated 
calcareous  mud,  endosing  semi-crystallized  masses  of  coral  of  various 
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kinds,  and  also  immense  quantities  of  shells  and  shell-fragments,  the 
whole  forming  a  sparkling  white  limestone  with  a  splintery  fracture 
ahnost  wholly  devoid  of  oolite.    This  sort  of  rock  often  contains,  as  we 

Rg.  19. — Coralline  Oolite  faulted  against  Coral  Bag — Hovingham 
Lime-quarn/. 


Oorml  "Bm. 


OorftUiBe  Oolite.    )  j— , 


«.  Broken  fissile  Bag.  4-5  ft. 

h.  Hard  ooral  limestonee  in  maasiTe  undulating  beds  with  rounded  termina- 
twM.  14-16  ft. 

e.  Ooral  shell-bed ;  not  constant  as  such.  The  lower  portion,  which  has  the 
most  shells,  oontainA  Rkabd&phyllia ;  the  u^xierThecoamilia,  enormous  spines  of 
Ciiaris fiorigemma,  Exoggranana,  Astarte,  Glgpticus  hieroglyphieus^  and  broken 
Aells.  2-3  ft. 

i.  Softish  oolites,  which  on  the  downthrow  side  are  seen  in  their  true  posi- 
tkm  beneath  the  Rag;  portions  of  these  are  seen  on  the  upthrow  side  in  a 
ilufBryand  ruinous  condition. 

ksTe  already  seen  at  Helmslcy,  much  flint.  Commencing  with  the 
western  extremity  of  our  district,  not  far  from  Hovingham,  we  have 
wme  fine  exposures  of  the  reef-like  variety,  such  as  is  represented  in 
^.  19,  in  quarrieeon  Cawton  Heights,  and  in  the  village  below.  In 
these  places,  where  there  is  so  much  actual  coral,  without  the  layers  of 
mtercoralline  mud,  the  fossils  are  not  particularly  numerous  or  easy 
to  extract ;  but  we  may  note  of  course  Pecten  viminev^,  Exogyra  nana^ 
Lima  peetiniformis,  immense  spines  of  Cidarts  Jlorigemma,  a  stray 
Bemiddaria  or  Psmdodiadema  hemisphasricum^  and  in  the  intercoral- 
liue  portion  Terehratula  insignis.  There  is,  however,  on  Cawton 
Heights,  one  most  fo^siliferous  exposure,  which,  from  the  mixed  cha- 
ntcter  of  the  fossils,  has  long  provoked  discussion  as  to  its  true  posi- 
tion. This  occurs  at  a  place,  near  the  top  of  the  plateau,  called  Sike 
Oate  (fig.  20).  There  is  so  much  apparent  faulting  about  here  that  it 
is  dangerous  to  rely  upon  the  evidence  of  adjacent  quarries;  but  in  a 
quarry  800  yards  to  the  eastward,  the  surface  of  which  is  about  the 
>une  elevation,  are  displayed  about  25  feet  of  thick-bedded  oolites, 
**  soft  roek/'  with  one  or  two  shaly  partings  towards  the  bottom. 
Q.J.G.8.  No.  130.  2  b 
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Ammonites  plicatilis  is  rather  common  in  this  qnarry;  and  towaida 
the  top,  although  there  is  no  regular  Coral  Rag,  a  few  MoniUvahim 
are  noticed.  On  the  whole,  therefore,  the  stratigraphical  evidenco 
is  rather  in  favour  of  placing  Sike-Gate  quarry  in  the  Kag  subdi- 
yision  ;  and  the  workmen  themselves  believe  that  "  soft  stone  "  lies 
underneath. 

Fig.  20. — Section  of  Sike-Oate  Quarry  on  Cawton  Heights. 


1  ft  3.  Broken  Oolites. 

6.  A  lest  fractured  Oolita. 
2,  4,  6.  Brasbv  partings. 

7.  I^rong  blocks  of  bluish-grey  limestone  with  yellowish  ot&. 

8.  A  smuler  bed  with  many  Ammonites. 


The  upper  portions,  1-6,  constitute  one  subdivision,  and  are  re- 
markable for  the  number  of  urchins.  CoUyrites  hleordatus  (large 
form,  similar  to  the  one  at  Hildenley  and  North  Orimston)  occurs. 
Holeetypus  depressus  and  Echinobrissus  seutatus  are  very  plentiful; 
spines  of  Bemicidaris  intermedia  not  uncommon,  and  more  rarely 
Pseudodiadema  hemisphcericum.  Spines  of  Cidaris  florigemma  were 
observed  in  stone  piled  up  by  the  side  of  the  kiln.  In  these  beds 
also  occxxrPholadomya  (rqualisl^Myadtes  reeurva,Ooniomya  v-seripta^ 
and  in  the  brash  at  the  bottom,  No.  6,  occasional  specimens  of  ^mm. 
plicatilis.  The  lower  hard  band  contains  many  univalves — Natiea 
clio  or  corallina^  lAttorina  pulcherrima^  Dollf.,  and  CJumnitzia,  sp. 
Lucina  aspera,  Buvig.,  a  shell  generally  indicative  of  a  high  position, 
is  also  very  abundant;  and  in  the  lowest  bed  of  all  are  many  speci- 
mens^ <if  Ammonites  plicatilis^  and  of  A,  eordatus  and  A,  vertfbralis^ 
presenting  singular  varieties,  of  which  we  have  figured  one  as  A^ 
cawtonensis.  The  rest  of  the  fossils  obtained  from  this  quarry,  but 
the  exact  position  not  noted,  are : — 


Belemniies  abbreriatus,  MiU, 
Ammonites,  sp.  (cf.  perarmatus)  (re- 

martable  form). 
Porporoidea  nodulata,  Y.  ^  B, 
Pkorotomaria  reticulata,  &w. 
Exogyranana,  Sow, 
Gryposea  dilatata,  8om. 
Pecten,  sp. 
Tiroineus,  Bow. 


limarigida,  Sow. 
Modiola  subsequiplicata,  Qot4f. 
Trigonia  (narrow  oostate  form). 
Astarte  ovata,  Smith, 
Protocardium  isocardioidesi  Bl.  ^  R, 
Goniomya  literata,  Sow, 
Terebratula  insicnis,  SekiA. 

gaster  umbreUa»  Jg. 

iypeus  or  Pygums,  sp. 


57^ 
oil 
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This  happens  to  to  have  been  one  of  those  places  where  the  acci- 
dents of  distribution  were  faToorable  to  the  accumulation  of  shells. 
Although  no  corals  have  been  found,  the  general  fades  is  interco- 
raUine,  and  presents  some  analogies  with  the  Urchin-beds  of  Grim- 
fton  presently  to  be  described.  Still  it  must  be  admitted  that  the 
abondance  of  Ammonites  in  the  bottom  beds,  especially  8,  is  an 
ezoeptiooal  feature  in  any  portion  of  the  Rag  with  which  we  are 
acquainted ;  but  at  the  same  time  it  is  worthy  of  note  that  the  cor- 
date Ammonites  quoted  from  here  are  of  a  very  peculiar  character, 
and  that  the  one  called  A.  cawtanensis  has  some  features  in  common 
with  A.  aliemans. 

The  character  of  the  Rag  of  this  portion  of  the  district,  west  of 
Sliagsby,  however,  is  of  the  more  massive  and  Coralline  type ;  and 
the  quarries  often  afford  really  fine  pictures  (see  fig.  21).  where 
the  corals  and  shells  and,  above  all,  the  spines  of  Cldaria  fl^ri- 
gemma,  larger  here  than  anywhere  else,  weather  out  in  handsome 
arabesques.  In  the  neighbourhood  of  Slingsby  a  change  seems  to  be 
coming  on ;  the  division  between  the  Rag  and  the  Coralline  oolite  iS 
for  a  while  less  pronounced. 

Fig.  21. — Section  in  the  Bag  Quarry  at  Slingsby,  showing  Cordis 
in  situ. 


1.  Coralline  Oolite. 


2.  Coral  Bag. 


Proceeding  eastwards  from  SHngsby  towards  Malton,  the  Coralline 
oolite  and  yet  lower  beds  occupy  the  country  near  the  road,  as 
previonsly  noted,  and  there  is  very  little  development  of  the  usual 
type  of  Bag  to  be  seen  hereaboata.  Before  crossing  the  Derwent 
to  inspect  the  last  groop  of  Corallian  rocks,  endoeed  between  its 

2b2 
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tortaoTU  valley  and  the  Chalk  escarpment,  we  should  not  omit  to 
describe  briefly  the  remarkable  section  at  Hildenley,  which  is  about 
halfway  between  Malton  and  Castle  Howard. 

In  the  qnarry  on  Hildenley  Heights  there  is  a  peculiar  limestone 
with  a  marked  Bag  or  Upper  Corallian  fauna,  the  only  trace  of  coral 
now  remaining  being  some  remarkable  cavities  in  the  lower  side  of 
some  of  the  beds,  which  represent  places  where  branches  of  corals 
have  been,  and  where  they  undoubtedly  have  grown.  The  stone  is 
extremely  fine  in  the  grain,  is  said  to  contain  about  95  per  cent,  of 
lime  carbonate,  and  has  the  appearance  of  having  been  deposited  as 
fine  mud  within  a  tranquil  lagoon  or  bay.  It  rests  upon  oolite,  and 
is  supposed  by  Sir  Charles  Strickland  to  be  flanked  also  by  that  class 
of  rock.  The  stone,  from  its  homogeneous  character,  is  valuable  for 
building,  and  especially  for  carving,  with  the  exception  of  those 
beds  which  contain  a  small  Ostrea,  The  valves  of  these  are  partly 
silicifiod,  and  the  chisels  of  the  workmen  thereby  spoilt.  It  is  evi- 
dent that  there  is  a  considerable  amount  of  chalcedonic  silica  in 
these  beds ;  and  the  action  which  this  silica  has  undergone  is  not 
without  its  effects  upon  the  fossils :  indeed  the  variety  of  fossiliza- 
tion  is  remarkable.  The  fauna  indicates  a  high  position  in  the 
series ;  and  some  of  the  most  characteristic  fossils  are  those  of  the 
Upper  Calcareous  Grit  of  other  places,  as  Modiola  cancdlata,  Rdm.» 
and  Lucina  asperay  Buvig. 

The  following  partial  list  will  serve  to  show  the  character : — 


Ammonites  yaricostatus,  Buckl, 
Natioa  grandis,  Munst. 

clio,  D'Orb, 

Lucina  aspera,  Btivia, 
Protocardium  isocaroioides,  Bl,  ^  H, 
Aroa  pectinata,  PhU. 
Modiola  canoellata,  Riim, 


Gryph»a,  large  sp. 
Exogyra  nana.  Sow, 
Pygurus  pentagonalis,  Pkii, 
€k>lljnte8  bicordatus,  Leske  (large). 
Pseudodiadema  hcmisphfl^eum,  ^. 
Hemicidaris  intermedia,  Flem. 
Cidaris  florigemma,  PhiL 


The  upper  part  of  the  quarry  is  just  on  the  edge  of  the  little 
plateau  called  Hildenley  Heights.  The  beds  dip  to  the  S.E.  aboat 
4P  or  6°,  t.  e,  obliquely  to  the  steepest  side  of  the  hUl,  which  is 
about  S.  \  W.  In  this  way  they  fall  to  the  275-feet  contour, 
behind  the  hall ;  and  the  next  beds  proved  on  the  dip,  at  the  base  of 
the  hill,  are  the  argillo-calcareous  beds,  which  undoubtedly  repre- 
sent the  supracoralllne  series,  but  in  a  form  having  the  greatest  affi- 
nities with  the  "  throstler"  (see  Pickering  Section,  p.  335).  They 
are  still  more  closely  related,  as  we  shall  see  subsequently,  to  the 
"  cement-stone "  of  N.  Grimston.  These  beds  were  proved  in  the 
garden;  and  the  foundations  of  the  hothouses  are  laid  in  them. 
A  short  distance  due  south  of  this,  on  the  200-feet  contonr,  is  the 
brickyard,  which  gives  the  best  and  most  characteristic  display  of 
the  base-beds  of  the  Eimmeridge  Clay  of  any  inland  section  in  York- 
shire with  which  we  are  acquainted.   It  furnished  the  following : — 


v,e.  Ammonites  mutabilis,  Sow. 

Alaria  moaenBio,  Buvig, 
v,e,  Ostrea  deltoidea,  Sow, 
v,e.  Exogyra  nuia,  Sow. 
0,    Avioula  ndilignenna,  Blake, 


Trigonia  (claTellate  sp.)- 
Thraoia  depresBa,  Sow. 
Myacites  oblatus,  Sow, 
PholadomTa,  wp. 
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In  the  peninsula  of  Old  Malton,  where  we  get  a  moderate  de- 
Telopment  of  the  ordinary  type  of  Coral  Bag,  as  preyioasly  noted 
in  describing  the  quarries  on  Peasy  Hills,  there  is  a  renewal  of 
the  upper  beds,  which,  in  the  district  bordering  the  vale  of  Pickeriug, 
we  had  lost  sight  of  since  leaving  Slingsby.  This  continuity  of  the 
Corallian  beds  on  the  inner  rim  skirting  l^e  vale  is  there  broken, 
and  we  cross  over  a  flat  expanse  of  clay  for  a  mile  and  a  half  to  the 
Langton  ridge  on  the  other  side  of  the  Derwent. 

2.  East  ot  the  Dkbweitt. — This  is  the  second,  and  smaller,  seo- 
tion  of  the  Howardian  district  It  compiises  the  high  land  of 
Langton  Wold,  the  southern  ridge  of  which  is  continued  eastwards 
in  North-Grimston  Hill,  where  the  Howardians  are  buried  beneath 
the  chalk. 

In  this  area  the  Lower  Calcareous  Grit  presents  somewhat  similar 
beds  to  those  seen  at  the  Park  Quarry,  Castle  Howard ;  these  are 
well  exposed  in  large  quarries  at  JBirdsall,  containing  the  usual 
fossils. 

Though  possessing  here  no  special  points  of  interest,  it  is  of 
considerable  importance  as  a  formation.  It  spreads  out  in  the 
neighbourhood  of  Mount  Ferrant,  whose  precipitous  sides  are  due 
to  its  preeence ;  and  passing  further  south,  it  alone  is  left,  of  all  the 
Corallian  beds  between  the  Oxford  and  Eimmeridge  Clays,  though 
not  immediately  thinning  out.  Indeed,  over  Acklam  it  is  of  con- 
siderable thickness,  not  less  than  80  feet,  and,  whether  as  grit  or 
sandstone,  contains  abundance  of  Ammonitea  cordatus  or  verttbralia. 
8oath,  however,  of  this  spot  it  falls  off,  and  with  a  gradually 
diminished  thickness  we  trace  it  beneath  Hanging  Grimston,  till  it 
finally  dies  away  in  the  vale  of  Kirby  Underdale,  and  the  two  clays 
unite.  Thus  we  bave  it  proved  that  the  separation  of  the  York- 
shire basin  is  not  due  to  denudation,  but  to  non -deposit ion. 

The  higher  beds,  for  which  we  have  to  look  in  general  to  the 
northern  portion,  viz.  the  Langton  AVolds,  are  displayed  in  numerous 
quarries  throughout  this  area.  The  northern  roots  of  the  hills  as 
they  spring  out  of  the  vale  of  Pickering  contain  several  quarries, 
mostly  in  softish  oolite  (Coralline  oolite),  with  sometimes  a  moderate 
development  of  Bag  at  the  top.  The  oolite,  taking  that  at  Setting- 
ton  railway-quarry  as  the  type,  cannot  be  exactly  brought  into 
relation  with  the  oolites  of  Malton ;  but  the  fossils  indicate  a  rather 
high  position,  though  not  so  high  as  the  Rag. 

BftmniUs  albreviatus^  Ammonites  plicatilts,  or  AchttleB,  and  A, 
cordatus,  all  occur  here.  This  is  one  of  the  higher  positions  where 
Ke  find  the  more  recognized  forms  of  the  A.-cordatus  group ;  yet 
there  is  a  variety  of  A,  vertebralis,  probably  the  eame  as  that  of 
8ike  Gate,  which  occurs  in  the  Urchin-beds  of  N.  Grimston,  which 
are  certainly  within  the  Flotigemma-zone.  Nerinaa  fasciatOy  Fecten 
iwgquicostdtus,  P.  intertextus^  Astarte  ovata,  Pygurus  Bausmanni 
are  t«ome  of  the  more  noteworthy  fostjil^.  In  the  principal  lime- 
quarry  the  coral  beds  above  are  not  particularly  rich ;  but  the  de- 
marcation between  the  oolite  and  the  Hag  is  wdl  kept  up  through* 
out  the  cuttingB  between  here  and  the  North-Grimston  station,  ^is 
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oolite  has  yielded,  besides  the  usual  fosnls,  snch  as  NmnasafaseiaiOf 
Pecten  fihrosuSf  Aitarte  ovato,  &c.,  a  Belemnite  which  reminds  us 
Tery  much  of  B,  Owenii,  together  with  Peden  qualicostay  Opis  PhU- 
lipsi,  Lucina  aliena,  CorUeeUa^  &c. 

The  main  interest,  however,  of  the  Corallian  beds  in  this  portion 
of  the  Howardian  Hills  certainly  centres  in  those  of  the  age  of  the 
Coral  Bag  and  subsequent  to  it.  On  the  high  ground  of  LangtoQ 
Wold,  of  which  North-Grimston  Hill  is  merely  a  continuation 
(outlier),  the  Coral  Bag  may  be  said  to  culminate  both  as  to 
variety  and  thickness  of  development,  and  also  in  the  richness  of 
its  fossil  contents.  There  is  no  such  display  of  this  class  of  rock 
elsewhere  in  England.  The  type  along  the  northern  side,  where 
the  Bag  is  seen  to  cap  the  Coralline  oolite,  is  very  much  the  same 
as  has  already  been  described,  though  with  more  variety  perhaps  in 
the  fossils.  On  the  southern  slope  of  the  Langton-Grimston  ridge, 
another  phase  of  the  Upper  Corallian  obtains ;  and  this  is  so  well 
exemplified  in  the  escarpment  and  quarries  on  North-Grimston  Hill, 
that  we  propose  to  conclude  with  a  detailed  account  of  it 

North  Grimston, — At  this  village  the  l^ngton-Grimston  ridge  i» 
cut  through  by  a  transverse  valley,  thus  forming,  in  conjunction 
with  the  escarpment  here  facing  the  north,  tbat  remarkable  salient, 
North-Grimston  Hill.  In  this  way,  starting  from  the  village  itself^ 
we  may  trace  a  continuous  sequence  from  a  low  position  in  the 
Lower  Calcareous  Grit  up  into  the  Eimmeridge  Clay  of  Burdale. 
Fig.  22  represents  the  section  thus  obtained,  which  is  as  follows : — 

EleTation  on 
escarpment 
Supra-      fl.  Cement-stone,  or  "Lias,**  maximum  proTed  ft.  in.       ft 


condline.    \         (at  quarry) 36    0 

Coral  Bag.  •< 


2.  Coral  Bag,   "  Nortb-Grimston  limestone,** 
about 40    0      365 

3.  Marly  Oolites,  with  an  occasional  coral  band 
or  bard  limestone,  the  mamillated-Urchin 

V  series,  say 25    0      326 

?4.  Drab-coloored  marly  oolites,  becoming  ver^ 

'  eartby  towards  tne  base :   full  of  Echp- 

nobristma  acutaivs^  tlie  equiTalent  of  the 

Coralline  oohte  of  other  districts,  say   ...SO    0      300 

4*.  Passage-beds  (not  specified  in  section ;  occur 

about  h) 6    0      270 

L.C.G.       '  5.  Lower  Calcareous  Grit  down  to  bed  of  beck  62    0      202 


Coralline 
oolite  and 
passage- 
beds. 


Total  thickness  of  beds  in  the  escarpment. . .  163    0 

The  above  section  is  drawn  obliquely  to  the  fullest  dip  of  the 
Coral  Bag ;  and  the  exaggeration  of  the  vertical  scale  produces  a 
certain  amount  of  distortion  ;  but  the  actual  thicknesses  have  been 
estimated  on  the  escarpment,  and  checked,  when  practicable,  by 
measurements  in  the  quanies. 

b.  The  Lower  Calcareous  Grit  possibly  commences  about  the  level 
of  the  beck  (x)  in  Grimston  village,  pr  on  a  line  of  springs  a  few 
feet  higher.     Above  this  are  occasional  exposures  of  the  ordinary 
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types  of  Lower  Calcareous  Grit,  viz.  altematioDS  of  hard  bine, 
soft  h\xS,  spoDgy  bedsy  through  a  thickness  of  rather  under  40  ft^ 
allowing  nothing  for  dip,  which  is  not  rery  marked  in  this  part  of 
the  section ;  then  occurs  the  hard  blue  grit  at  a,  just  where  the 
bridle-road  passing  up  the  escarpment  leaves  the  main  highroad.  At 
a  higher  level  some  more  soft  yellow  calcareous  grits  of  rather  an 
earthy  character  occur,  with  occasional  bands  of  hard  stone ;  and 
rather  more  than  20  ft.  above  a  are  seen  some  grey  sandy  lime- 
stones (at  6)  which  may  be  called  passage-beds.  We  thus  have 
60  ft.  as  the  thickness  of  the  Lower  Calcareous  Grit  of  this  locality, 
though  it  may  very  possibly  extend  below  the  water-line. 

Above  the  Lower  Calcareous  Grit  there  is  in  the  escarpment,  in- 
cluding some  6  or  7  ft.  of  passage-beds,  just  about  100  ft.  of  Coral- 
lian  limestones,  which  are  divided,  though  with  difficulty,  between 
the  Coralline  oolite  and  Coral  Rag. 

4.  The  Coralline  Oolite. — The  true  character  of  the  lower  half 
of  this  series  is  not  very  clear.  It  consists  of  harder  and  softer 
layers  of  brownish  marly  paste  with  oolitic  granules,  in  this  respect 
somewhat  resembling  the  overlying  series,  which  on  palseontological 
grounds  is  included  with  the  Bag :  Echinohrissue  scutatus  is  the 
prevailing  fossil.  There  is  a  small  opening  towards  the  base  of 
the  escarpment  under  Grimston-Hill  House,  where  the  harder  beds 
are  extracted  for  road-stone.  Few  fossils  other  than  Ech,  scuiaius 
were  noted  here ;  but  the  lower  beds  contain  stray  specimens  of 
Chemnitzia  Juddingtonensie.  Towards  the  middle  of  this  quarry  a 
well-preserved  spine  of  Cidaris  florigemma  was  noted.  The  latter 
fact  is  remarkable,  as  this  urchin  is  very  characteristic  of  the  Rag ; 
nevertheless  a  stray  specimen  has  been  noted  as  low  as  the  Trigonia- 
beds  of  Sinnington  ;  whilst  in  the  south  of  England  it  m  seen  below 
the  Hag  at  Purton,  and  possibly  near  Earingdon,  but  in  these  cases 
always  sparingly.  Its  presence  in  this  oolite  is  of  more  significance, 
as  it  seems  to  prepare  the  way  for  the  next  series,  group  3,  between 
which  and  this  one  the  line  dirawn  is  more  or  less  arbitrary.  All 
that  can  be  said  is  that  a  Bag-fauna  gradually  makes  its  appearance 
in  the  marly  oolite,  groups  4  and  3,  and  that  in  the  upper  group,  3, 
this  has  become  most  pronounced.  We  have  ventured  to  draw  the 
line  just  above  a  bed  of  hardish  oolite  containing  numerous  speci- 
mens of  Astarte  ovata, 

3.  The  MamiUated' Urchin  series. — The  best  place  for  studying 
the  development  of  the  Urchin-beds  is  at  the  west  end  of  the  lower 
quarry  on  the  south  side  of  the  Wharram  road,  where  the  lime-kilns 
are  built  in  some  soft  drab-coloured  marly  oolites,  said  to  be  very 
full  of  Echinohrissus  scutatus.  The  latter  probably  represent  the 
upper  portion  of  group  4.  But  between  these  and  the  limestone  No, 
2  are  some  20-25  feet  of  beds  the  representatives  of  group  3.  They 
are  seen  to  consist  of  flattened  buff-coloured  granules  in  a  buff  or 
drab-coloured  marl ;  and  sometimes  the  marl  or  paste  is  deyoid,  or 
nearly  so,  of  any  granules.  They  are  divided  occasionally  by  beds 
of  hard  compact  limestone  having  partially  the  features  of  the  Kag« 
and  containing  a  few  corals,  many  spines  of  Cidaris  Jhrigtmma^ 
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Kod  flmall  moricated  nnivalyes :  one  of  these  hard  bands,  towards 
Uie  top  of  the  series,  has  a  thickness  of  2  ft.  6  in.,  and  exhibits  a  fine 
arabesque  of  shells  such  as  are  usually  associated  with  a  Kag-fauna. 
Throughout  the  series,  and  especially  towards  the  upper  part,  a 
profusion  of  the  spines  of  urchins  may  be  noted,  and  liie  tests  of 
mauy  are  from  time  to  time  discoTered.  Pseudodiadema  hemisphteri^ 
turn  is  especially  abundant,  and  may  be  called  the  North -Grimst on 
Urchin  par  ea;cellence.  Gidaris  Smithii,  Cid.  floriyemma,  Hemicida- 
ri$  intermedia  also  occur,  the  latter  fre()uently.  Colly $ntes  hicordatus 
and  Pygaster  umbrella  are  also  quoted  from  here ;  and  Echinobrissui 
Kutatus,  which  swarms  in  the  lower  beds,  cannot  fail  to  put  in  an 
i^pearance.  The  remains  of  the  MoUusca  in  the  softer  beds  are  not 
usually  in  good  condition.  Cordate  Ammonites,  Naticce,  Pleuroto^ 
maricg^  Alaria^  and  one  specimen  of  Terebratula  insiynis  have  to  our 
knowledge  been  obtained  from  here. 

In  the  escarpment  also,  about  20  ft.  below  the  limestone  No.  2,  at 
the  point  marked  c,  there  occurs  in  the  midst  of  marly  oolites  a 
dense  buff- coloured  limestone  with  much  spar.  It  contaifis  corals, 
both  ThecosmiUa  and  Bhahdophyllia^  along  with  Pecten  vimineua, 
Modiola  inclusa,  and  spines  of  Pseudodiadema  hemisphasricum. 

These  beds  then,  although  partly  allied  by  their  lithology  to  what 
we  must  call  the  Coralline  oolite  below  them,  have  an  undoubtedly 
Bag-fauna,  and  present  us  with  what  we  must  consider  passage- 
beds  between  deposits  elsewhere  clearly  separated.     In  other  dis- 
tricts, indeed,  are  found  a  variety  of  intermediate  deposits  between 
the  Coralline  oolite  with  Chemnitzias  (  CAemm^fa-limestones),  and 
the  Coral  Rag  with  Cidaris  Jlorigemma,  such  as  the  various  shell- 
beds  of  Nunnington  and  elsewhere,  or  even  the  "black  posts"  of 
the  Pickering  district ;  but  these  do  not  so  completely  exhibit  the 
double-faced  character  of  the  Urchin-beds.     There  is  nothing  un- 
precedented, as  we  have  often  pointed  out,  in  the  presence  of  corals 
below  the  regular  CoralRag ;  but  for  the  abundance  of  Rag-Echino- 
derms,  in  an  oolitic  matrix,  we  must,  in  Yorkshire  at  least,  come 
to  the  Howardian  district  only.     At  the  remarkable  quarry  near 
Sike  Gate,  already  described,  we  have  somewhat  similar  conditions, 
as  also  in  a  portion  of  the  limestone  series  at  Coneysthorpe,  which 
is  faulted  down  into  the  midst  of  the  Lower  Calcareous  Grit.     At 
certain  points,  too,  along  the  southern  slope  of  Langton  Wold,  we 
meet  with  exposures  proving  the  existence  of  similar  beds.     As  the 
above  indications  all  occur  on  the  extreme  southern  edge  of  the  area 
now  occupied  by  Corallian  limestones  in  the  Howardian  Hills,  it 
leads  to  the  possible  conclusion  that  this  great  Urchin  series  is 
restricted  to  the  southern  margin  of  the  formation  as  developed  in 
Yorkshire.    The  great  abundance  of  Echinoderms  in  groups  3  and  4 
has  evidently  a  kind  of  connexion  with  the  argillaceous  impurities 
of  the  limestone.    Their  profusion  in  the  inter-CoraUine  clays  of 
Hillmarton  is  equally  remarkable.     These  same  urchins,  too,  are 
very  abundant  in  the  fine-grained  Hildenley  limestone,  the  result  of 
the  finest  calcareous  mud.  '  It  is,  perhaps,  due  to  this  abundance  of 
Echinoderms  that  we  meet  with  Ctdaris  flcrigemma^  so  to  say,  before 
its  time. 
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2.  North'Orimston  Limestone,  or  Coral  Bag  proper. — ^Abont  40 
feet  of  hard  limeetone  is  wToaght  in  the  two  quarries  on  either  side 
of  the  Wharram  road.  The  stratigraphy  of  these  beds  is  at  first 
sight  a  little  difficult  to  understand.  The  Eag  beds  are  nearly  level 
in  the  face  of  the  escarpment  and  on  the  top  of  the  plateau,  whilst 
in  the  quarries  the  beds  are  inclined  at  an  angle  of  20°  S.,  or  8.  by 
£.  to  N.  by  W.  (See  fig.  22.)  This  peculiarity  is  more  or  lett 
noticeable  along  the  whole  of  the  southern  slope  of  the  Langton- 
Wold  ridge,  of  which  North-Grimston  Hill  is  an  extension.  If  they 
really  are  the  same  beds  as  those  seen  on  the  escarpment,  their 
strong  dip  is  due  probably  to  the  undermining  action  of  water  upon 
the  softer  beds  below,  whereby  the  harder  beds  are  bent  down,  and 
in  some  cases  almost  snapped  off  from  their  horizontal  continuations. 
The  Eag  of  the  escarpment,  however,  shows  little  or  no  flint, 
whereas  the  lower  portions  of  the  hard  Eag  of  the  quarries  is  full 
of  it  How  to  account  for  the  difference  is  one  of  the  difficulties 
of  thb  most  puzzling  section.  The  altematiyo  possibility  is  that  the 
whole  group  is  a  series  of  false-bedded  accumulations. 

In  the  quarries  the  hard  Eag  (2  of  section,  ^g.  22)  presents  two 
phases.  Without  detailing  the  beds,  the  following  is  a  doscriptiony 
taken  principally  from  the  upper  quarry,  in  descending  order : — 

a.  Buff-ooloured  limestones  with  yellowish  markiogs ;  beds  of  ft.  in. 
white  stone,  seldom  hard  and  crystalline  like  the  series 
below.  Indications  of  corals  moderate :  flints  rare.  Spines 
of  Cidaris  flori^emma  less  plentiful.  C.  Smithii  and  Bemtci- 
darts  intermedia  numerous.  Beds  less  shelly  than  lower 
series,  but  contain  a  fair  assemblage  of  some  of  the  Bag- 
fossils,  Nerinaa,  Littorina  pulcherrima,  Opia,  &o.,  along  with 

Peniacrinites  tt.nd  Apiocrinua about  20    0 

N.B.  At  Chrimston  Field,  where  the  junction  of  this 
series  with  the  cement-stone  (1  of  sect)  may  be  noted,  a 
specimen  of  Nautilus  aganiticus,  Schlot,  not  hitherto  found 
in  the  Oorallian  of  Ensland,  was  secured. 

6,  &oh  jellovriBh  hnah^  wiui  Amnumites  varicosiatuB  0    4 

e.  White  sparry  and  compact  limestones  in  strong  blocks, 
which  become  largely  charged  with  flint,  especially  about 
6  ft.  above  the  bcwe  of  the  series.  Beds  full  of  fossils : 
fauna  me^lomorphio  *    , 17    0 

d.  Urchin  series  (3  of  section,  ^,  22)  

37    4 

Some  of  the  beds  are  very  rich  in  shells ;  but  these  are  frequently 
so  glued  into  the  general  mass  of  the  limestone  as  to  be  difficult  of 

*  This  division  (c)  is  the  chief  fossil-bearing  series  of  North  Grimston. 
The  lower  portionr  are  very  siliceous ;  and  tliere  are  great  masses  of  flint 
both  parallel  with  the  bedding  and  lining  the  diaeonu  fissures,  as  well  bb 
ma»ees  which  seem  deyeloped  in  the  interior  of  zne  blocks.  Some  of  the 
masHCs  of  flinty  chalcedony  seem  to  throw  light  upon  the  origin  of  flint  and 
chert  in  limestone.  There  is  an  abundance  of  a  small  Ostrea  {Exogyra  nana  ?), 
the  shells  of  which  are  more  or  less  "beekised;"  whilst  in  some  of  the  beds 
the  siliciflcation  appears  in  connexion  with  Thecosmilia.  The  original  structuxv 
of  the  limestone  is  very  well  preserved  in  q)ecimens  of  these  flints :  one  which 
includes  a  section  of  Pvgaster  shows  this  very  well,  the  peculiar  markings  of  the 
limestone,  so  different  from  those  of  ordinary  oolite,  being  faithfully  transferred 
to  the  replacing  substance.  We  have  ahready  seen  how  faithfully  true  oolitio 
structure  is  copied  in  the  flints  from  the  Lower  Limestones  of  the  Pickering 
district. 
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extraotioD.  Nevertheless  a  fine  body  of  fossils,  without  enume- 
rating the  teeth  of  EeptQia,  have  been  proved  here,  and  the  list  of 
Bag-fossiLs  occurring  in  this  district  is  pretty  nearly  a  list  of  the 
fosdls  from  this  subdivision  of  the  quarry.  The  lowest  portion 
consists  of  alternations  of  hard  and  soft  Rag  having  a  thickness  of 
about  6  ft. :  this  is  moderately  shelly,  and  contains  numerous  spines 
of  Cidaris  florigemma.  Above  these  occurs  the  great  shell -bed, 
about  3  ft.  thick ;  it  is  a  mass  of  the  most  splendid  fossils,  all  of 
them  the  finest  and  largest  of  their  kind.  The  small  univalves  so 
frequent  in  other  parts  of  the  Bag  are  not  common  here,  the  fauna 
being  essentially  megalomorphic.  Lima  l<xtnuscula  (var.)  is  the 
prevailing  shell.  The  species  of  corals  are  those  found  elsewhere  in 
Yorkshire ;  but  TTueosmilia  and  RhahdophyUia  are  most  frequent. 

Subjoined  is  a  list  of  the  fossils  of  the  Rag,  or  Upper  Corallian,  of 
the  Langton-Grimston  district : — 


Belemnites  ablMreviatiis,  MUU 
r.   Nautilus  aganiticus,  Schlot. 

Amznonitea  Tarioostatus,  Buckl. 
(▼ar.  of  A.  pUcatiUs). 

altemaiiB,  Von  nuck  (A. 

oordatus,  var.?). 

vertebraUs,  Sow.  (same  yar. 

as  at  Sike  Gate). 

Purpuroidea  nodulata,  Y.  ^  B, 

Natioa  grandis,  Miinsi.  (?  dncta, 
PkU.). 

clio,  I/Orb.  (Farguta,  Pkil.). 

c.    Chemnitzia,  Tar.  of  bedding- 
tonensis,  Sow. 

r.   poUux,  i^Orft. 

r.  fangtonensisi  Bl.  ^  H. 

r,  Nerinfta  tomatella,  Buvig. 
Vjc. fasciata,  Voltz. 

LiUoiiDa  puloherrima,  Bolff, 
e.   munoata,  Sow. 

Kerita,  sp. 

Keritopeis  Qoerrei,  HSb.  ^  Deal. 

,  sp. 

Troehus,  sp. 

Turbo  coralleiisis,  Buv. 

Pleurotomaria  reticulata. 

Moreana  ?,  Bumg. 

Trochotoma  tornata,  Pkil.  (T. 
discoidea,  Buvig.), 

Alaria,  sp.  (cf.  tridactyla,  Buv.). 
v.e.  Ostrea  duriusoula,  Pkil. 
v.e.  Sxogyra  nana,  Sow, 

,  sp. 

Ostrea  gregaria,  Sow. 
c.  Anotoia  radiata,  Pkil. 
r.  Plicatula,  sp.  (cf.  flstuloea,  M.  ^ 

L.). 
9.e.  Pecten  Timineus,  Sow. 

insequicostatus,  PkU. 

intertfextus,  Rihn, 


Pecten  lens,  Sow. 
e.    Hinnites  ^very  large). 
v.o.  lima  laeTiuscula,  !Scw,  (N.-Grim- 
ston  Tariety). 

c,    rigida.  Sow, 

v.e. I  pectiniformis,  Scklot. 

\rudis.  Sow. 

»  sp.  {cf,  elUptica,  Wkit.). 

subantiquata,  Rom.  (small). 

r.  Ayicula  sedilignensis.  Bl. 
0,   Trichites  Plotii,  Lkwyd, 

Mytilus  ungulatus,  i,^B, 

Modiola  inclusa,  Pkil. 
c.    Area  quadrisulcata,  Sow, 

nectinata,  PkU. 

GucullflBa  elongata,  PkU, 
r.    Trigonia  (costate  sp.). 

*Protocardium  isocardioides,  Bl.  & 
H. 
V.  0,  Astarte  ovata,  Smitk  (attaining  a 

great  size). 
c.    rhomboidalis,  PkU. 

Opis  Tirdimensis,  Buvig. 

lunulata,  Bim. 

-^—  Phillipsi,  Norr.f  or  corallina, 
Damon. 

Panopsea  gigantea,  Buvig. 

Homomya  orassiuscula,  Af,  ^  L. 

Goniomja  T-scripta,  Sow. 

Terebratula  insignis,  Sckitb. 
c.  Gidaris  flori^mma,  PkU. 

c.   Smithii,  Wrigkt. 

c.   Hemicidaris  intermedia,  FUm. 
v.e.  Pseudodiadema  hemisphsericum, 
Ag. 

GoUyrites  bicordatus,  Leske, 
e.   Pygaster  umbrella,  Ag. 

Ecninobrissus  scutatus,  Lamk. 

Pentacrinites,  sp. 

Apiocrinus,  sp. 


*  This  is  probably  the  Cardium  lobatum  of  Phillips.    Also  cf .  Cyprieardia 
iioeardina,  Burig.  x.  ^. 
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The  above  list  is  by  no  means  ezbaustiTe ;  but  it  may  be  denned 
fairly  characteristic  of  the  Rag  horizon  in  this  locality.  Species  here 
seem  to  have  attained,  as  regards  individual  growth,  their  maximum 
development ;  and  some  forms  snch  as  Astarte  ovaia  are  nearly  twice 
the  size  of  those  occnrring  iu  the  oolites.  It  is  quite  possible  that 
in  this  vray  species  really  occurring  in  the  lower  beds,  having  as  it 
were  outgrown  themselves,  are  no  longer  recognized. 

1.  The  Cement-Stone. — There  is  no  section  on  North -Grimston 
Hill  where  this  formation  can  be  seen  in  actual  superpositioii 
upon  the  Coral  Bag.  In  the  neighbourhood  of  the  great  quarries, 
south-west  of  the  line  of  section,  the  slope  of  the  hiU  and  tbe  dip 
of  the  beds  are  so  rapid  that  a  considerable  portion  of  the  cement- 
stone  has  fallen  completely  over,  and  may  actually  be  seen  in  the 
railway-cutting  with  the  dip  apparently  reversed.  It  wiU  be 
necessary  therefore  to  follow  tlie  line  of  section  {&g,  22)  in  order  to 
read  the  sequence. 

From  the  northern  edge  of  the  escarpment  the  Coral  Rag  keeps 
the  surface  of  this  salient  promontory  as  far  as  the  Wharram  road ; 
and  the  section  cuts  that  road  at  a  point  where  the  Rag  ceases  to 
appear  on  the  lower  side.  Here,  as  indicated  in  the  section,  we 
find  the  Cement-stone  in  situ ;  and  there  is  every  indication  that  it 
forms  the  surface  of  the  slope  from  this  point  in  a  south-easterly 
direction.  It  is  quarried  extensively  at  the  point  marked  "  300 
feet,*'  just  above  the  railway  (y  of  the  section).  There  are  28  feet 
of  beds  exposed  here,  making,  with  8  feet  more  proved  by  boring,  a 
total  of  36  feet  without  reaching  the  bottom.  The  dip  in  the 
upper  part  of  the  quarry  is  about  4°  S.S.E. ;  but  lower  down, 
towards  the  railway,  these  dips  increase  rapidly,  keeping  pace  appa- 
rently with  the  surface-slope.  Fragments  of  a  simiLskr  kind  of  stone 
are  met  with  in  Burdale  beck,  on  the  south  bank  of  which  is  an 
old  quarry  in  one  of  the  harder  beds,  whence  the  stone  used  in 
building  Wharram  church  is  said  to  have  been  extracted.  A  short 
distance  south  of  this  is  Lord  iliddleton's  brickyard,  unfortunately 
now  no  longer  worked.  This  is  unmistakable  Kimmeridge  Clay, 
with  abundance  of  selenite,  fragments  of  deltoid  oysters,  and  the 
septaria  characteristic  of  that  formation*.  The  sequence  is  the 
same  as  at  Hildenley.  On  the  north  side  of  the  brickyard  the 
"  hard  stone  *'  was  proved  at  a  depth  of  12  feet ;  but  on  the  south 
side  none  was  found  at  twice  that  depth,  showing  that  the  supra- 
coralline  beds  are  getting  deeper,  or  failing  in  a  southerly  direction. 
This  **  hard  stone  ^  is  of  very  inferior  quality  to  the  cement  stones 
of  the  principal  quarr}^  and  is  probably  higher  in  the  series  than 
any  theie  proved ;  it  contains  more  sand,  and  has  some  of  the 
features  of  a  calc-grit. 

The  lithological  aspect  of  the  Cement-stone,  as  shown  in  the 
principal  quarry,  and  in  numerous  exposures  in  the  valley  between 
the  Corallian  ridge  of  Langton -Grimston  and  the  Chalk  escarpment, 
is  quite  that  of  a  ^^  lias ; "  that  is  to  say,  it  consists  of  hard  argillo- 

*  Stories  are  told  of  cartloads  of  septaria  and  many  Ammonitea  haviag  beaa 
taken  away  by  the  farmers. 
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ealeareons  bands,  diyided  by  softer  subcaloareons  shales.  The  shales 
bom  to  a  whitish  brick,  but  without  any  of  the  properties  of  a 
fire-brick.  The  hard  stone  yields  a  good  hydraulic  mortar,  lately 
much  used  for  the  Scarborough  aquarium.  The  formation  is  the 
probable  equivalent  of  the  entire  upper  series  of  Pickering ;  and 
the  fauna  has  strong  analogies  with  that  of  the  Upper  Calcareous 
Grit  as  there  developed,  especially  in  the  great  abundance  of  the 
same  forms  of  Lucina,  The  Ammonites  abo  fairly  correspond,  as 
far  as  it  is  safe  to  judge  where  the  state  of  preservation  is  so  in- 
different. Sabjoined  is  a  list,  the  determinations  to  be  received 
with  a  qualification. 


Belemnites  hastatus?,  Monif, 
*mtadti8,  jDj/y.  (B.explaoatus, 

PA*/.). 
Ammonitet  biplex-y&rioo«tatu8. 
^  SP'  {cf'  altemana,  Von  Buch, 

serratuii.  Sow.). 
Oryphjca  subgibbosa,  Bl.  f  H, 
Peoten  yimineiM,  Sow. 


Pinna,  sp. 

Ayicula,  ep. 

Lucina  aspera,  Buvig.^  common. 

,  •?. 

Thracia  depressa,  Phil, 
Pholadomya,  sp.  {cf.  conoentrioa, 

Rom.). 
Qoniomya  literata,  Sow, 


The  conditions  being  different,  the  fauna  of  the  Coral  Rag  has  for 
the  most  part  disappeared,  whilst  that  of  the  regular  Kimmeridge 
Clay  has  not  yet  fully  set  in.  There  can  be  very  little  doubt  that 
Buch  beds  are  the  result  of  the  grinding-down  of  masses  of  Corallian 
limestone,  whose  debris,  largdy  mingled  with  the  argillaceous  mud 
now  invading  the  sea,  no  longer  coralligenous  in  this  particular 
area,  went  to  form  banks  of  bastard  limestones,  which  have  probably 
only  a  limited  range,  forming  a  fringe,  as  it  were,  round  reefs  which 
have  been  wholly  or  partially  destroyed  during  the  interval  marking 
the  dose  of  the  Corallian  conditions  in  the  Oxford-Kimmeridge 
sea. 

As  a  formation  the  supraooralline  limestone  has  oousiderable 
extension  in  the  valley  at  the  foot  of  North-Grimston  Wold ;  and 
farther  westward  it  is  to  be  found  in  the  low  ground  between 
Langton  Wold  and  BIrdsall.  Near  the  latter  village  it  may  be  seen 
fitolted  against  the  Lower  Calcareous  Grit  at  Rowmire  Spring ;  and 
in  this  way  the  Lower  Calcareous  Grit  is  again  brought  in,  now 
ooeapying  its  normal  position,  which  in  the  Howardian  Hills  should 
be  to  the  S.S.W.  of  the  Corallian  limestones. 

SXTHXABT. 

We  will  here  recapitulate  the  results  that  our  detailed  study  of  the 
Corallian  rocks  in  the  above  districts  have  produced,  and  would  refer 
to  our  Table  of  Comparative  Sections  (PL  XII.)  for  their  illustration. 

Weymoulh  district. — We  have  here  three  principal  localities, 
the  development  in  which  is  represented  by  our  sections  Nos.  I.,  II., 
IIL  The  most  complete  series  is  in  the  neighbourhood  of  Wey- 
mouth itself  (section  I.),  where,  in  ascending  order,  we  have  the 

*  Thia  is  rather  stonter  than  the  amud  Kimmeridge  form,  and  is  inter- 
necbate  between  the  regular  B,  niHdw  and  B.  aJtIbmmahu. 
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■eries  as  follows : — First,  sands  and  grits  well  developed  eyerywhere, 
bat  especially  at  Nothe  Point,  where  they  are  30  feet  in  thickness, 
and  characterized  by  abundance  ofFema  quadraia  and  PecUnJibrosus 
— the  ^*  Nothe  grits.''    This  portion  is  separated  by  thick  masses  of 
day  ("  Nothe  clays  ")  from  an  upper  grit  (the  "  Bencliff  grit  "^,  in 
tho  base  of  which  are  huge  doggers,  by  which  its  presence  may  bo 
sometimes  recognized,  the  whole  forming  together  what  would  else- 
where be  called  Lower  Calcareous  Grit.     This  part  may  be  eqaally 
recognized  in  Sections  U.  and  lU.     The  next  series,  consisting  of 
oolites  and  marls,  and  including  the  remarkable  "  Osmington  Oolite,'* 
is  perfectly  distinct  in  character  from  the  overlying  limestones.   It  may 
be  seen  by  the  sections  to  vary  its  character  even  within  the  district, 
at  Weymouth  being  least  marked,  and  at  Abbotsbury,  though  very 
unf  ossiliferous,  being  largely  composed  of  compact  beds  of  oolite.    Tho 
fossils  are  peculiar,  but  have  a  relation  rather  with  the  Lower  Cal- 
careous Grit  than  with  the  upper  beds.     These  latter  are  the  main 
limestones  of  the  district,  but  in  general  show  but  little  oolitic  struc- 
ture, Osmington  affording  an  exception;   they  are  usually  rather 
rubbly  or  hummocky  in  character,  and  contain  corals,  but  they  do 
not  constitute  a  ^*  Coral  Bag,"  and  contain  much  sandy  materiaL 
They  are  richly  fossiliferous,  and  show  a  decided  change  of  type, 
their  relations  being  upwards.     From  the  abundance  of  Trigonia 
davellata^  we  have  called  them  the  *'  2'r^onta-beds."    Cidaris  Jhri" 
gemma  occurs  in  them  but  rarely,  while  it  occurs  more  commonly 
in  a  higher  horizon  here ;  and  the  other  fossils  are  not  entirely  those 
that  are  elsewhere  associated  with  corals,  but  are  partly  found 
below  them.     Above  the  main  limestones  at  Weymouth  we  have 
a  great    thickness   (40  feet)    of   clay,    which  we  caU    Sandsfoot 
Clay,  overlain  by  ferruginous  sands  and  grits  of  very  remarkable 
character,  both  in  lithology  and  fossils,  having  large  spongeoos 
growths,  and  containing   Cidaris  florigemma,  Lima  peetiniformis^ 
Lingula  ovalis,  Littorina  muricata,  AitarU  supracorallina,  and  many 
other  fossib  which  are  generally  associated  with  corab,  or  rise  to 
higher  zones.     All  this  is  well  represented,  as  far  as  can  be  seen^  at 
Abbotsbury  (Section  III.),  and  somewhat  inconspicuously  and  of 
less  thickness  at  Osmington.    In  Ringstead  Bay  a  remarkable  Upper 
Coral  Rag  is  developed  above  these  grits  and  immediately  below  the 
Kimmcridge  passage-bods.     On  a  higher  horizon,  perhaps,  than  any 
of  the  Corallian  rocks  of  the  rest  of  the  district  comes  the  Abbots- 
bury ironstone,   alike  remarkable  for   its  peculiar  character  and 
abundant  Brachiopods,  which  are  elsewhere  almost  absent  from  the 
Corallian  bods.    The  great  feature  of  this  district  is  the  limitation  of 
any  thing  that  can  be  called  a  coral  reef  to  a  very  small  area ;  while 
the  changes  that  have  taken  place  in  the  characters  of  the  deposits, 
which   are,  on  the  whole,  of  great  thickness,  are  exceptionally 
numerous. 

North  Dorset — In  this  district  we  have  considerable  varieiy  in 
the  Corallian  development.  In  the  southern  part  of  it  (Section  lY.) 
there  is  a  very  little  Lower  Calcareous  Grit,  its  place  being  taken 
by  a  continuation  downwards  of  oolites  and  marls  wiUi  beds 
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of  josolite.  These  are  followed  by  a  thick  false-bedded  series 
with  few  fossils,  overlain  by  a  rubbly  bed  with  abundance  of 
rolled  spines  of  Cidaris  florigemma,  associated  with  other  fossils 
which  occur  generally  in  lower  beds  than  the  Coral  Rag  proper.  The 
sacceeding  beds  here  are  more  calcareous  than  usual,  and  might 
possibly  be  included  with  the  limestones  below  as  far  as  their  fossils 
are  concerned ;  but  they  are  more  gritty,  and  are  followed  by  sands 
and  marls,  with  few  fossils,  and  a  ferruginous  band  corresponding 
wiUi  the  Sandsfoot  grits  or  higher  beds ;  but  these  beds  are  local  to 
the  neighbourhood  of  Sturminster.  In  the  northern  portion,  the 
Lower  Calcareous  Grit  assumes  more  importance ;  it  forms  exten- 
sire  banks  near  Cucklington,  and  may  be  traced  downwards  into 
the  Oxford  Clay  in  Gillingham  cutting.  The  succeeding  beds  are 
almost  entirely  limestones  of  impure  character,  the  upper  portion 
developing  corals  in  some  places,  but  not  so  many  as  to  form  a  reef 
or  become  conspicuous  as  a  Bag.  If  any  overlying  beds  were  here 
deposited,  they  have  been  washed  off  and  their  remains  deposited  on 
the  denuded  limestones.  There  is  more  limestone  in  this  region,  in 
proportion  to  the  whole  development,  than  in  any  other ;  but  it  is 
generally  too  impure  to  burn  for  lime.  The  limestones  become  pure 
enoDgh  towards  the  extreme  south-west,  near  Mappowder,  where 
there  are  several  limekilns — as  there  are  also  in  the  neighbourhood  of 
llarohnll,  where  the  false-bedded  series  is  burnt. 

WUtshire  and  Oxfordshire  Range, — In  this  long  belt  are  contained 
several  types,  the  most  constant  member  being  the  Lower  Calcareous 
Grit,  which  consists  of  loose  sands,  sometimes  of  considerable  thick- 
ness, with  occasional  irregular  bands  of  hard  blae  grit  or  huge  dog- 
gers. In  the  extreme  south  we  have  the  interesting  iron-ore  of 
Westbury  (Section  V.)  occupying  an  analogous  position  to  that  of 
Abbotsbury,  viz.  the  extreme  top  of  the  series.  It  has  a  bed  of 
glauconitic  sand  between  it  and  the  main  limestones,  which  are  of 
minor  importance  here.  Marls  still  intervene,  as  in  the  districts  to 
the  south,  between  the  limestone  and  the  Lower  Calcareous  Grit. 

The  section  at  Steeple  Ashton  is  not  very  different  from  this,  except 
that  the  ironstone  is  unimportant,  and  a  bank  of  corals  is  developed 
at  the  top  of  the  limestones,  though  of  very  limited  extent.  In 
both  these  localities  the  total  development  is  meagre ;  and  a  little  to 
the  north,  at  Seend,  the  whole  is  reduced  to  the  Lower  Calcareous 
Grit,  containing  a  rather  peculiar  fauna,  and  overlain  directly  by 
tiie  Kimmeridge  Clay. 

In  the  neighbourhood  of  Calne  (Section  YI.)  is  a  considerable  de- 
velopment of  the  Lower  Calcareous  Grit,  which  is  fossiliferous  at 
Conygre,  supports  a  coral  reef  without  Cidaris  florigemma  at  West- 
brook,  and  thins  out  to  very  small  dimensions  northwards  by  Cat- 
eombe.  We  have  again  a  marly  bed  intervening  between  this  and 
the  limestones,  which  in  this  area  are  of  several  inosculating  types — 
sometimes  being  a  true  Rag,  full  of  corals,  sometimes  a  set  of  false- 
bedded  limestones,  and  sometimes  marls  with  interbedded  occasional 
limestone  bands,  as  at  Hillmarton.  Very  slight  traces  of  any  beds 
above  these  can  here  and  there  be  noted,  chiefly  in  the  form  of 
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fermginoiis  maris.  This  neariy  total  absence  of  higher  beds  and 
the  comparatively  feeble  development  of  any  beds  bnt  those  con- 
taining Cidaris  Jlorigemma  above  the  Lower  Calcareoos  Qrit  is  the 
chief  feature  here.  

At  Highworth  (Section  VII.)  we  enter  on  a  new  phase,  which 
continues  nearly  constant  as  far  as  Marcham,  i.  e,  while  the  escarp- 
ment faces  north.  The  peculiarity  here  b  the  development  below 
the  Bag  with  Cidaris  jlorigemma  of  wonderfully  fossiliferous  lime- 
stones, in  which  such  shells  as  Trigonia  Meriani,  Lima  rigida^  ^nt- 
monites  plieatilis  are  abundant ;  ihej  also  contain  corals  in  the  lower 
part,  and  are  capped,  here  and  there,  by  false-bedded  oolitic  sandstones. 
These  beds,  which  may  fairly  compare  with  the  Coralline  Oolite  of 
Yorkshire,  are  continuous  beneath  the  rag,  which  sometimes  rests 
upon  them  directly  and  at  others  is  separated  by  more  arenaoeons 
beds.  The  true  ferruginous  Upper  Calcareous  Grit  succeeds 
the  Bag  in  the  direction  of  the  dip,  but  in  an  easterly  direction 
entirely  disappears,  so  as  to  be  quite  absent  at  Oxford.  These  re- 
markable shell-beds  disappear  on  approaching  Oxford  by  Cumnor, 
at  which  latter  place  the  Coral  Bag,  in  a  magnificent  form,  lies 
directly  on  the  Lower  Calcareous  Grit.  At  Oxford  itself,  however, 
or  rather  at  Headiugton  (Section  VIII.),  another  shell-bed  appears, 
with  abundance  of  Cidaris  Jlorigemma  and  other  fossils  usually  asso- 
ciated with  it  in  the  Bag,  proving  it  not  to  be  the  Highworth  bed 
again,  but  a  more  recent  one.  Here  the  rag  inosculates  with,  and 
is  overlain  by  a  thick  mass  of  false-bedded  comminuted  shell-lime- 
stone, which  assumes  enormous  proportions  at  Wheadoy,  the  whole 
formation  above  the  Lower  Calcareous  Grit  varying  between  marls 
and  limestones,  and  finally  disappearing  at  this  point. 

It  is  in  tins  range  that  the  whole  series  is  reduced  to  a  minimum, 
the  last  remaining  members  being  the  Lower  Calcaieous  Grit  and 
the  Coral  Bag  proper,  and  these  in  places  being  of  no  great  thick- 
ness. It  is  here  also  that  wo  meet  with  the  greatest  variety  of 
type  within  the  same  area,  which  we  have  endeavoured  to  indicate 
in  figure  8. 

The  Cambridge  Reef, — The  only  members  here  recognized  (Sec- 
tion IX.)  are  the  Coral  Bag,  here  with  an  abundant  and  special 
fauna,  but  with  sufficient  of  the  characteristic  species  to  connect  it 
indissolubly  with  the  ordinary  Bag  with  Cidaris  Jlorigemma^  &nd  the 
apparently  underlying  and  less  fossiliferous  Oolite.  The  nature  of 
the  ground  is  not  such  as  to  enable  us  to  learn  more  of  the  real 
thickness  of  these  than  is  seen  in  the  quarries,  nor  the  nature  of 
the  underlying  rock.  The  Elsworth  rock  we  take  to  be  an  ex- 
ceptional development  of  the  Lower  Calcareous  Grit 

The  Yorkshire  Basin. — K  we  except  the  fine  series  at  Weymouth,  the 
Corallian  rocks  in  this  district  present  an  incomparably  finer  develop- 
ment than  in  any  other,  and  constitute  not  a  mere  string  of  rocks,  but 
a  veritable  massive,  whose  area,  circumference,and  maximum  thickness 
are  severally  almost  equal  to  those  of  all  the  other  areas  put  together. 
Although  we  have  divided  the  basin,  for  the  purpose  of  detailed 
description,  into  several  parts,  we  may  here  consider  it  as  a  whole, 
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ing  stractures  of  different  localities  being  well  illustrated 

ections  X.-XIY. 

/ower  Calcareous  Grit  has  a  far  more  constant  and  regular 

aent  than  the  other  formations,  and,  as  a  mass  of  solid 

tains  an  importance  not  observed  in  the  south.     In  the 

ian  Hills  (sections  X.,  XI.)  the  thickness  is  about  60  feet, 

n   layers  of  buff  freestone  and  hard  blue  rock.     In  the 

and  northern  hills  (XII.,  XIII.)  the  thickness  is  increased 

set,  all  solid  rock.     In  the  eastern  districts  the  top  part  is 

by  ball-beds, 

anexion  with  the  Corallian  limestones  the  chief  feature  of 

is  the  double  group  so  well  marked  in  the  Tabular 
Along  the  coast,  where  the  lower  beds  are  so  admi- 
jsplayed,  this  duplicate  series  is  by  no  means  obvious, 
uires  to  be  interpreted  by  the  light  of  exposures  in  the 

The  section  at  Filey  still  remains  somewhat  problematical ; 
have  reason  to  presume  that  the  two  limestones  are  there 
d  in  an  altered  and  more  arenaceous  form,  and  that  the 
■igg  Calc-Grit  is  the  representative  of  the  Middle  Calcareous 
though  elsewhere  in  the  Scarborough  district  this  sub- 
n  is  but  feebly  developed.  As  Filey  Brigg  is  the  most 
point  of  the  CoraUian  area  in  Yorkshire,  the  character  of 
8  seems  to  indicate  a  lessening  of  calcareous  matter  in  that 
;  so  that  possibly  the  Corallian  deposits  may  have  had  their 
termination  in  a  south-easterly  direction,  not  very  far  from 
:ing  coast.  The  limestones  generally  in  the  Tabular  Hills  may 
:o  have  a  lenticular  development,  attaining  their  maximum 
I  east-and-west  line  which,  in  the  Scarborough  district,  is 
J  far  from  the  roots  of  those  hills.  The  non-appearance, 
J,  of  particular  beds  may  be  due,  in  some  cases,  to  thinning 
ler  than  to  denudation.  The  limestones  of  Scarborough 
[ill  clearly  belong  to  the  lower  group  alone ;  and  this  section 
ore  more  imjicrfect  than  that  at  Filey, 
auna  of  the  Lower  Limestones,  inclusive  of  the  passage- 
B  much  in  common  with  that  of  the  Lower  Calcareous  Grit, 
especially  marked  in  the  eastern  districts,  where  alone  we 
m  able  to  procure  much  fossil  evidence.  The  purer  oolites 
orally  very  poor ;  but  towards  their  base  occasional  shell- 
aduce  a  characteristic  set  of  Brachiopoda,  which,  with  a 
Sundance  of  Oei-viUia  and,  in  certain  lines,  of  Cylindrites, 
said  to  mark  them.  There  are  peculiar  phases  of  the  pas- 
Ls,  however,  which  are  an  exception  to  this  poverty,  such 
y  as  that  above  the  BaU-beds  at  Filey,  and  a  very  similar 
an  analogous  position  at  Apple  ton.  In  such  places  Brachi- 
sem  to  be  unusually  abundant,  especially  lihynclionelkt  Thur- 
and  these  are  associated  with  a  tolerably  numerous  set  of 
jra,  along  with  MilleHcrinus  ecMnatus,  Acrosalenia  decor ata^ 
Appleton,  with  Glyphea,  some  of  the  same  species  oc- 
,  though  less  plentifully,  in  the  Lower  Calcareous  Grit  itself. 
Ammonites,  especially  of  the  Golktthus  type,  are  prominent 
G.S.  No.  130.  2o 
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ftnib,  wl.  p^rmrmaim  mudi  ksB  so  ;  bat  A.  WUHam9(mi  is  often 
found  in  the  lower  or  fermginoiiB  portion  of  the  panage-beds  m  ^le 
nei^ibeiufaood  ef  Scarboroogh.    The  presoioe  oi  nndoabted  fimiia 
of  A.  pUcatUk  JB  by  no  meaas  oommcm.    In  the  Hackneaa  outlier 
there  oocurs  a  well-marked  Lower  Coral  Bag  included  witMu  the 
Lower  Limestones,  and  ocmtaining  the  usual  species  of  cwals  and 
dwarf  forms  id  some  of  the  associated  shells,  but  without  CidarU 
flortgemma.    Amongst  its  characteristic  fossils  are  Spongia  Jkmwjfkm 
and  Wdldhtmia  BudUstanL  This  Bag  is  yery  local ;  but  its  poaitioii 
may  be  traced  at  Scarborough  and  FQey ;  and  to  tiie  west  cora]» 
may  be  noted  about  the  same  horizon.    The  Scarborough  type  of 
pasaage-beda  seems  to  be  lost  in  the  western  portion  of  the  Tabular 
Hills ;  and  Yast  accumulations  of  eherty  beds  occupy  their  jdaoe,  the 
tendency  to  silicifioation  extending  upwards  eren  into  the  oolites. 
The  maximum  thickness  of  the  Lower  Limestones,  all  included,  near 
Eirkby  ICoorside,  is  estimated  by  Mr.  Fox  Strangways  at  not  far 
short  of  150  feet    At  Eepwick,  cm  the  western  escarpment,  the 
odite  of  the  Lower  limestones  (Hambkton  oolite)  has  a  thickness 
of  about  60  feet,  and  thenoe  ocmtinues  to  thin  out  towards  the 
south-east,  disappearing  altogether  ere  we  reach  the  Gilling  Coxwold 
Gap  (section  XIIL).    ^e  reyival  of  this  group,  as  a  separate  forma- 
tion, in  the  Howardian  Hills,  is  s(»newhat  problematical ;  but  the 
peculiar  phase  of  passage-beds  already  noted  is  seen  to  be  highly 
fossiliferouB  i^  Appleton,  and  there  is  a  still  stronger  development^ 
though  without  so  many  fossilB,  in  the  western  suburb  of  Malt<m. 
There  are  certainly  two  very  different  groups  of  oolite  in  the  nd^i- 
bourhood  of  that  town ;  but  that  whidi  is  presumably  the  low^r  of 
the  two  cannot  at  present  be  identified  with  any  portion  of  the  Lower 
Limestones  of  the  western  and  northern  hills. 

The  Middle  Calcareous  Grit  is-  rather  irregular  and  uncertain. 
It  seems  to  break  out  in  Filey  Brigg,  but  otherwise  to  have  only  a 
feeble  development  east  of  Foige  valley  (section  XIY .).  West  of  that 
meridian  it  begins  to  make  some  show  on  the  sur&ce ;  and  at  Pickering 
attains  probably  its  maximum  development  in  the  north^n  hills 
(section  XIIL).  Here  it  so  much  recalls  some  of  the  features  of 
the  Lower  Calcareous  Grit  as  to  show  how  similar  must  have  been 
the  physical  conditions  which  produced  it.  But  the  characteristic 
Bradiiopoda  of  the  lower  formation  are  either  absent  or  so  rare  a» 
to  escape  notice*  At  Pickering  the  higher  beds  are  charged  with  bands 
of  gritty  suboolitic  limestone,  again  constituting  a  series  of  upper  pas- 
sage-beds, rich  in  Trigonia:^  which  form  a  fitting  introduction  to  the 
Coralline  Oolite.  This  phase  may  be  traced,  wherever  there  is  an 
exposure,  westwards  as  far  as  Kickdale,  and  perhaps  in  a  modified 
degree  to  within  a  dbort  distance  of  Helmsley.  ^ong  the  line  ci 
the  Hambleton  section  (section  XTT.)  the  presumed  equivalent  of 
the  Middle  Calcareous  Grit  presents  a  different  appearance;  its 
thickness  may  be  as  much  as  60  feet ;  but  where  the  Lower  Lime- 
stones are  thinning  out  so  much,  the  true  division  between  this  and 
the  Lower  Calcu*eous  Grit  proper  is  not  always  dear.  A  mile  or 
two  farther  south  of  this  line  the  two  grits  seem  to  coalesce,  and 
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dn  the  rererse  of  the  Forge-valley  section,  where  it  is  the 
lestones  which  are  on  the  point  of  uniting.  No  certain  indi- 
of  the  Middle  Grit  are  to  be  seen  in  the  Howardian  Hills. 
[Jpper  Limestones,  which  are  not  seen  on  the  coast  at  all, 
n  an  altered  and  fragmentary  form,  peeping  from  beneath 
t  of  Filej  promontory,  are  throughout  divisible  into  Coralline 
nd  overlying  Rag ;  and  they  aie,  on  the  whole,  much  more 
roufl  than,  and  never  contain  the  Brachiopoda  of  the  Lower 
nes.  The  Coralline  Oolite,  underlying  the  Rag  in  the  great 
;  of  mcks  which  sweeps  round  the  western  half  of  the  vale 
ckering  to  Malton,  is  fossiliferous  in  certain  beds,  which  are 
y  characterized  by  the  great  abundance  of  Chemnitzia.  It  has 
Tological  types,  the  oolitic  and  the  pasty ;  and  its  rocks  are 
most  pan  mixtures  of  these  in  varying  proportions ;  but  the 
n  in  the  character  of  the  Coralline  Oolite  is  not  sufficiently 
to  be  here  recapitulated.  The  Coral  Rag  has  several. 
t  types.  In  the  Scarborough  district  the  absence  of  Cidaris 
ma  from  the  Rag,  and  the  iuteresting  group  of  small  univalves 
;  contains,  give  it  a  peculiarity ;  but  whether  this  is  due  to  the 
>f  the  coral,  in  this  district  confined  almost  exclusively  to 
'sir(ga  eoficinna  and  Bhabdophyllia,  or  to  deposition  in  a  sepa- 
in,  is  not  clear.  When  we  meet  with  the  Rag  in  the  next  (or 
ig)  district,  it  is  seen  to  bo  crowded  with  the  spines  of  the 
jristic  urchin.  Besides  the  ordinar}^  form,  we  have  a  solid  and 
;  form  at  Helmsley,  which  is  highly  siliceous,  as,  indeed,  are 
the  Bags ;  a  beautiful  free  limestone  at  Hildonley ;  a  strange 
at  8ike  Gate,  near  Cawton,  where  the  fossils  are  very  pccu- 
id  a  very  distinct  type  on  the  east  of  the  Derwent  (section  X.), 
including  the  entire  limestone  series,  there  is  a  thickness 
teet,  some  portion  being  intercoralline,  and  containing  an 
iinary  profusion  of  urchins,  as  weU  as  a  rich  molluscan 
>f  such  a  character  as  to  indicate  the  possibility  of  this  Rag 
f  slightly  later  date  than  that  of  the  Tabular  Hills, 
ievelopment  of  the  supracoraUine  beds  is  copious  and  tolerably 
In  an  arenaceous  form,  as  Upper  Calcareous  Grit,  these 
am  their  maximum  thickness  in  the  extreme  western  bay  of 
>  of  Pickering,  where  they  may  be  seen  in  several  places  to 
►n  the  indurated  surface  of  the  Coral  Rag.  Eastwards,  how- 
peculiar  ai^illo-calcareous  deposit,  less  constant  as  a  forma- 
>bservedto  intervene  between  the  Coral  Rag  and  Upper  Calca- 
rit,  the  base  of  which  at  Pickering  itself  is  also  very  muddy, 
>pcr  Calcareous  Grit  of  Yorkshire  possesses  features  which 
lom  be  mistaken,  and  contains  a  series  of  fossils  at  least  par- 
immeridgian.  There  may  be  room  to  doubt  the  evidence  of 
:*'  Ammonites ;  but  such  forms  as  A,  altemans  and  A,  Ber- 
re  more  satisfactory.  A,  varicostattts  still  seems  to  be 
In  the  Howardian  Hills  no  Upper  Calcareous  Grit  comes 
surface ;  but  the  great  dcpowts  of  Burdale,  overlying  tho  . 
jJrimston  Rag,  contain  several  of  the  fossils  of  the  Upper 
)U8  Grit  of  Pickering. 

2c2 
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Conclusions, 

The  descriptions  we  have  given  of  the  actual  developmoit  of 
€k)rallian  rocks  in  England  shows  how  inappropriate  is  the  term 
<'  Coral  Bag  "  as  a  designation  for  the  whole,  any  thing  that 
oonld  be  lithologicaUy  called  by  that  name  forming  bat  a  very 
small  part  of  the  series.  '*  Coralline  Oolite "  is  an  equally 
inappropriate  term  when  separated  from  the  rock  which  it 
properly  describes.  As,  however,  the  great  interest  which  at- 
taches to  the  series  of  rocks  which  is  the  subject  of  this  memoir 
centres  in  the  fact  of  their  containing  the  last  development  of  coral- 
reefs  within  the  British  area,  which  is  now  too  cold  for  ther 
formation,  they  may  be  appropriately  known  under  the  name  that 
we  have  used,  "  Corallian."  We  see,  too,  that  we  have  not  been 
describing  a  set  of  rocks  under  this  designation  that  are  sharply 
marked  off  above  and  below,  but  rather  the  gradual  changes  that 
took  place  during  a  certain  epoch  in  the  earth's  history,  and  the 
results  to  which  they  led.  We  have  seen  how  the  lower  beds  are 
still  markedly  Oxfordian  in  the  character  of  their  fauna,  and  how 
gradually  the  peculiar  forms  suited  for  connexion  with  coral 
growths  were  introduced,  and  how,  before  they  had  died  out,  Kim- 
meridgian  forms  became  their  companions,  and  ultimately  sup- 
planted them.  The  earth's  history  is  not  the  disjunctive  story  of  a 
dynasty,  but  the  continuous  one  of  a  nation. 

Although  it  is  true  that  the  series  of  changes  above  indicated 
were  generally  introduced  by  the  deposit  of  calcareous  sands  which 
have  become  to  a  certain  extent  grits,  that  the  succeeding  deposits, 
whether  connected  with  corals  or  not,  are  limestones,  frequently 
oolitic,  and  that  in  those  cases  where  we  see  the  return  to  the  pelagic 
conditions  of  the  Kimmeridgian  epoch  it  is  marked  by  a  deposit  of 
calcareous  grits,  we  see  that  it  is  erroneous,  and  in  the  case  of 
Torkshite  impossible,  to  call  these  simply  the  Lower  Calcareous 
Grit,  Coralline  Oolite,  and  Upper  Calcareous  Grit,  as  we  should 
thereby  correlate  all  the  limestones  together,  and  the  same  with  the 
other  portions. 

In  the  extreme  north  and  the  extreme  south  the  series  of  chiuiges 
were  much  more  complex,  and  the  development  at  a  maximum ;  yet 
the  characters  of  the  several  series  differ  widely,  and  in  the  inliuid 
counties  the  development  reaches  its  minimum,  and  really  has  many 
of  the  better-developed  portions  not  represented  at  alL 

These  fEu^ts  show  that  a  correlation  in  time  is  impossible;  for 
where  the  Coral  Bag  rests  immediately  on  the  Lower  Calcareous 
Grit,  the  latter  may  represent  in  time  the  whole  of  the  vast  deposits 
elsewhere  forming  the  basis  of  the  Bag,  or  this  latter  may  not  have 
been  elsewhere  contemporaneous. 

The  character  of  the  deposits,  wherever  we  have  studied  them,  has 
been  that  of  lenticular  masses  of  an  elliptical  shape,  thinning  oat 
in  all  directions,  but  with  diameters  of  very  unequal  length.  In 
this  way  it  happens  that  beds  of  the  same  character  and  position 
are  not  parts  of  a  widespread  whole,  but  are  the  results  of  similar 
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oauBOB  addng  in  isolated  areas,  and  at  periods  which  may,  indeed, 
coincide  in  point  of  order^  hnt  not  necessarily  in  point  of  time.  It 
is  only  in  such  a  sense  as  this  that  we  can  attempt  any  thing  like 
correlation,  or  arrange  the  whole  series  in  a  chronological  sequence. 
It  is  nndoahtedly  to  Yorkshire  that  we  must  go  for  our  type 
with  which  to  compare  the  rest,  and  thence  take  our  general 
names. 

The  Corallian  deposits,  then,  may  be  considered,  when  complete, 
to  be  represented  by  the  following  series,  in  ascending  order : — 

1.  The  Lower  Caleareoua  Orit. — ^This  may  have  b^un  earlier  in 
some  places  than  in  others.  If  we  judge  by  the  thickness  of  t^e 
Oxford  Clay  below,  we  should  suppose  it  to  have  begun  very  early  in 
the  Tabular  Hills,  but  not  very  early  at  Weymouth.  In  the  latter 
place  it  is  represented  by  the  Nothe  grits ;  and  in  the  other  districts 
there  is  no  cQfficulty  in  its  recognition. 

2.  TTie  Lower  Limestone  or  Hambleton  Oolite, — This  mass,  which 
is  so  intimately  connected  by  its  fauna  with  the  Lower  Calcareous 
Grit,  may  be  represented  elsewhere  than  in  Torkshire  by  some 
portion  of  the  latter ;  but  its  place  is  nowhere  recognizable  in  the 
south,  unless  it  be,  Ist,  near  Sturminster,  in  the  oolites  which  under- 
lie the  pisolites,  and,  2nd,  at  Weymouth  in  the  Nothe  clays. 

3.  The  Middle  Calcareous  Ghrit, — ^This  also  is  nearly  peculiar  to 
Torkshire,  unless,  having  placed  the  Nothe  clays  on  the  horizon  of 
the  Hambleton  oolites,  we  take  the  Bendiff  grits  to  represent  this 
in  the  Weymouth  area. 

4.  T?u  Coralline  Oolite. — This  is  the  mass  of  limestone  which  is 
developed  beneath  the  Bag,  and  with  which  it  has  been  usually  con- 
founded. It  is  well  marked  in  Torkshire  as  a  massive  limestone ; 
we  take  the  oolite  in  Upware  north  pit  to  represent  it  in  the  nearest 
locality  to  Torkshire.  Its  equivalent  begins  again  to  the  west  of 
Oxford,  and  reaches  to  beyond  Highworth,  at  which  place  and  at 
Faringdon  are  fine  developments  of  what  we  would  correlate  with 
it.  At  Calne  it  appears  as  a  marl,  and  at  Steeple  Asbton  and 
Westbury  under  both  forms,  the  marl  being  below.  The  marls 
and  false-bedded  series  of  the  North-Dorset  district  appear  to 
belong  here.  In  the  Weymouth  area  the  Osmington  oolites  re- 
present the  lower  portion,  and  the  Trigonia-heda  the  upper 
portion. 

5.  TTie  Coral  Bag, — ^Though  there  is  a  lower  Coral  Bag  at 
Haokness  and  at  Highworth,  there  Ib  no  danger  in  using  this  in  its 
strict  lithological  sense ;  for,  with  these  exceptions,  the  development 
of  Corals  untformly  represents  the  same  term  in  the  series.  They 
are  usually,  but  not  universally,  associated  with  Cidarisflorigemmay 
which  makes  the  term  "  Florigemma-r^ "  or  "  zone  ^  sometimes 
convenient,  since  by  this  fossil  in  the  absence  of  corals  the  cor- 
responding beds  may  be  most  easily  recognized.  We  note  that  the 
A3rton-Brompton  Bag  does  not  contain  it.  At  Grimston  we  have 
the  Urchin-beds  below,  which  must  be  included  with  this.  At 
Upware  this  Bag  is  well  marked.  At  Oxford  we  have,  associated 
with  the  Coral  growth,  a  rich  underlying  sheU-bed,  and  the  Wheat- 
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ley  and  Shotorer  limestones  aboye  it.  It  is  thence  continuo>ns  west- 
waidy  patting  on  yarions  forms  when  it  approaches  Calne,  inclnding 
the  G^e  and  Goatacre  freestones,  and  having  underlying  flags 
near  Pnrton.  We  cannot  be  sore  of  the  age  of  tiie  Westbrook  ViSiSj 
which  contains  no  Cidaris  florigemma.  The  true  Bag  is  dereloped 
again  at  Steeple  Ashton ;  at  Westbury  its  place  appears  to  be  taken 
by  glauoonitic  sand.  As  a  true  Coral  Bag  it  does  not  appear  in  the 
North-Dorset  district ;  but  its  position  in  the  series  is  indicated  by 
tlie  rubbly  beds,  and  possibly  by  the  oyerlyiag  calcareous  sandstones 
at  Sturminster,  and  by  slight  coral-growths  north  of  Gillingham. 
In  the  Weymouth  area  the  aequenoe  is  physically  altogether  dif- 

fBT^t. 

6.  The  SupraeoralUne  Beds. — ^We  may  use  this  name  for  the 
uppermost  portion  of  the  s^es,  in  spite  of  the  exceptional  small 
reef  in  Ringstead  Bay.  Omitting  this,  we  may  describe  them  as  con- 
sisting of  calcareous  grits  and  clays,  and  consider  them  as  belonging 
to  two  separate  divisions.  First  and  lowest  are  the  Sandsfoot  days 
and  grits,  which  appear  to  represent  beds  deposited  between  the  epo^ 
of  the  Coral-Bag  deposits  and  the  ordinary  Upper  Calcareous  Grit  of 
most  other  localities,  having  in  some  respects  a  highly  Eimmeridgian 
fauna,  but  also  a  great  and  marked  comm\mity  of  forms  with  the 
Bag ;  second  and  highest,  the  Upper  Calcareous  Grit  of  Yorkshire, 
whidi  is  local  even  there.  It  is  essentially  a  Kimmeridge  forma- 
tion. It  is  represented  by  more  argillaceous  beds  in  the  Howardian 
Hills.  It  has  representatives  in  the  red  ferruginous  marls  with 
oolitic  fi'agments,  and  the  sands  which  overlie  the  Bag  from  Faring- 
don  westwards  to  near  Goatacre.  To  this  horizon  we  assign  the 
Westbury  ironstone  and  the  red  marls  at  the  top  of  the  series  in 
the  North-Dorset  district.  In  the  Weymouth  area  we  must  look 
for  this  horizon  above  the  Sandsfoot  grits,  in  the  beds  which  in- 
tervene between  them  and  the  Kimmeridge  passage-beds,  possibly 
including  the  latter.  Here,  also,  belongs  the  Bingsteaid  reef, 
and  certainly  the  Abbotsbury  ironstone,  which  may  be  even  of 
somewhat  later  order  in  the  series.  We  cannot,  therefore,  correlate 
what  might  be  called  the  Upper  Calcareous  Grit  of  Weymouth  with 
that  of  Yorkshire,  the  former  representing  a  lower  portion  of  the 
series. 

In  this  arrangement  of  the  beds  in  series  we  are  of  course  assisted 
by  their  palaeontology ;  but,  with  the  exception  of  Cidaris  flori- 
gemma,  we  have  scarcely  ventured  to  use  fossils  as  universally 
characteristic  of  different  portions.  It  will  be  well,  however,  to 
name  some  which  are  generally  of  use  for  this  purpose.  AmmowiUt 
perarmatus  may  be  taken  as  an  indication  of  something  below  the 
Coralline  Oolite ;  yet  it  or  one  undistinguishable  from  it  has  occurred 
in  the  representative  of  the  Bag  at  Sike  Gate.  Avicula  ovalis  and 
Milleriennua  e4^inatu8  indicate  the  same  portion.  QervUlia  avuM- 
hides  in  Yorkshire  indicates  a  low  horizon,  but  in  the  south  of 
England  generally  a  high  one.  Bhynehonella  Thurmanni  belongs 
to  the  two  lowest  series  in  Yorkshire,  but  does  not  occur  there  in 
the  south. 
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We  pass  finally  to  a  brief  oonsideratioii  of  the  physical  caoBes 
ooneerned  in  the  formation  of  these  rocks.  In  the  Tork^re  area 
ve  have  a  maximnm  of  calcareous  deposits ;  and  here  too  we  obtain 
the  finest  reefis.  The  higher  latitude  of  ihiB  county  did  not  out- 
match the  influence  of  favourable  conditions  for  their  growth 
through  a  considerable  period  of  time.  We  note,  however^  that  on 
the  east  coast  of  Scotland  Mr.  Judd  has  not  recorded  a  single  coral 
from  beds  of  this  period,  though  the  conditions  there  do  not  appear 
to  have  been  unfavourable;  so  that  the  northern  limit  is  soon 
reached.  The  disposition  of  the  Oorallian  beds  round  the  vale  of 
Pickering,  and  some  peculiarities  of  their  stratigraphy  in  relation  to 
tremendous  fkults  by  which  they  are  affected,  render  it  difficult  to 
indicate  precisely  the  source  of  the  deposits;  most  probably  the 
sediment,  at  least,  came  from  Hie  north  and  west. 

In  the  extreme  south,  though  the  warmth  would  encourage  coral- 
growth,  the  great  preponderance  of  aigillaoeous  conditions  must 
have  choked  tihem,  these  clay  masses,  as  all  the  others,  having  come 
from  land  to  the  south  and  west. 

In  the  North-Dorset  district  we  have  again  abundance  of  cal- 
careous matter,  and  the  reefis.  were  probably  not  fisur  to  the  west ; 
but  here  some  oiher  causes  prevented  their  growing  on  the  spot. 

In  the  central  range  the  huge  sandbanks  aj^^ear  to  have  given 
support  first  to  some  shell-beds  at  difEiarent  ages,  and  then  to  have 
been  very  favourable  to  coral-growth. 

In  every^case,  however,  we  have,  in  the  very  fiust  of  the  great 
varuty  manifest  in  the  deposits,  a  proof  that  we  are  not  dealing 
with  pelagic  conditions,  but  are  underlie  influence  (^  neighbouring 
lands  or  shallow  water ;  and  the  beds  we  see  are  a  faithful  record, 
not  <^  permanent  conditions,  but  of  continual  changes,  favourable 
or  otherwise  to  the  growth  of  coral. 

But  one  great  change  has  passed  over  the  country  since  then  :  it 
has  become  too  cold  for  corals  at  all ;  so  that  we  here  see  for  the 
last  time  Hie  fbnnation  of  a  reef,  tiie  structure  of  which  is  laid 
bare  before  us ;  and  very  beautiful  it  is,  eqieciaUy  where  it  has 
been  undisturbed.  The  influence  of  these  rocks  is  not  unielt 
even  in  the  great  clay  d^[>odts  in  the  centre  of  England,  where  a 
middle  divisicm  has  been  indicated,  characterized,  as  we  have  seen, 
by  some  essentially  Oorallian  fossils;  and  we  doubt  not  that  a 
careful  examination  of  these  clays  would  i^ow  a  still  closer  eout 
nexion. 


De$cripH<m»  and  Ifoim  on  the  FhtiiU. 

BsLBianTBs. 

Between  the  stout  B.  ahbreuiaim  of  the  lower  beds  and  the  much 
narrower  B.  niiidm  of  the  uppermost,  are  some  which  form,  perhaps, 
the  pMsage  between  th^n,  being  of  intermediate  age  as  well  as 
shape.  We  have  not  thought  it  desirable,  however,  to  give  them 
distinct  names  at  present. 
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AjaroKiTBB  piRABM  ATUB,  Sowerby. 

The  group  of  Anunonites  passing  under  this  name  piesentB  tiliree 
well-nudked  forms, "  varietiee  "  or  **  species :" — 1.  The  typical  form 
as  represented  by  Sowerby,  with  moderately  inflated,  rounded,  and 
Bubevolnte  whorls,  tnberdes  of  good  size,  and  joined  by  a  swoUoi 
rib.  This  occurs  in  the  upper  part  of  the  Lower  Lunestones  of 
Yorkshire.  2.  An  inflated  more  involute  form,  with  lees  con- 
flpicuous  ribs  or  tubercles,  most  common  in  the  Lower  Calcareous 
Grit  proper  of  Yorkshire ;  and,  3.  A  flatter  form  with  the  inner 
tubercles  and  ribs  almost  obsolete,  and  the  enter  tubercles  mnch 
smaller  and  more  numerous.  Its  diief  home  is  in  the  Lower  Cal- 
careous Grit  of  Wiltshire  and  Oxfordshire ;  and  it  is  the  variety  to 
the  casts  of  which  the  name  of  A,  catena  was  given  by  Sowerby.  A 
fourth  form  has  also  been  met  with  as  a  single  specimen  at  Sike  Gate, 
Yorkshire,  which,  as  it  occurs  probably  at  a  higher  horizon  than  any 
of  the  others,  may  serve  to  show  that  links  between  the  perar^ 
matus  group  and  the  A.  hngispinta  of  Kimmeridgian  age  are  not 
wanting  in  the  Corallian  limestones.  The  intermediate  character 
of  this  fossil  favours  the  above  view. 

AjoroioTBs  psBunoooBDATus,  spec  nov.    PL  XTU.  fig.  1. 

Although  Ammcnitus  eordatus  characterizes  the  lower  portion  of 
tho  Corallian  series,  yet  in  the  Upper  Calcareous  Grit  of  Yorkshire 
we  find  Ammonites  that  are  nndistinguishable  from  it,  and  the 
type  was  continued  (through  the  form  next  to  be  described)  into  the 
A.  aliemans  of  the  Kimmeridge  Clay.  We  need  not,  therefore,  be 
surprised  to  find  it  influencing  Ammonites  of  the  plicatiloid  group. 
The  Ammonite  we  propose  to  call  A,  pseudocordaUa  has^  indeed, 
the  ribbing  of  A.  plieatilisy  but  the  involution  and  sharpness  of 
front  of  A.  eordatus ;  so  that  its  general  aspect  reminds  us  of  both 
groups.    The  following  is  its  diagnosis : — 

Laist  whorl  |  the  diameter  ;  inner  whorls  half-covered ;  greatest 
thickness  of  outer  whorl  f  the  diameter,  situated  towards  the  inner 
side  of  the  whorl,  whence  to  the  front  the  slope  is  uniform,  giving  a 
semi-acute  rounded  front.  Aperture  sublanoeolate.  Ornaments  35 
ribs  on  the  last  whorl,  which  nearly  die  out  and  give  place  to  about 
96  smaller  ones,  whioh  pass  over  the  front  without  alteration ;  dia- 
meter nearly  9  inches. 

In  the  Ironstone  of  Westbury. 

AiofOKiTBS  OAWTOKSNsiB,  spoo.  uov.    PL  XITI.  flgs.  2,  2  a. 

This  form,  though  belonging  to  the  eordatus  group,  is  so  distinct 
as  to  make  it  worthy  of  a  specific  name.  It  leads  us  on  from  the 
older  forms  to  the  newer  A.  aliemans. 

Outer  whorl  |  the  diameter ;  inner  whorl  half-covered ;  sides  of  tlie 
whorls  between  the  ribs  uniformly  convex  for  f  of  the  breadth, 
when  they  become  concave  on  each  side  of  the  ked ;  greatest  thick- 
ness of  the  whorls  between  the  ribs  |  the  diameter ;  aperture  con- 
vexo-quadrate ;  omamente,  20  nearly  straight  ribs  rising  fnmi  \he 
inner  edge,  and  running  nearly  radially  to  the  middle  of  tlie  whorl. 
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where  they  rise  each  to  a  toberde,  whence  mn  bifurcating  ribs 
to  88  smaller  tubercles,  which  stand  out  boldly  from  the  front. 
Front  crenated  by  largish  teeth,  connected  with  the  side-tubercles  by 
almost  obscure,  not  very  oblique  riblets ;  diameter  2^  inches.  In 
the  young  state,  which  appears  slightly  more  evolute,  the  ribs  are 
undeveloped,  and  the  whorls  have  only  scattered  tubercles.  This 
differs  principally  from  A.  vertehralis  and  others  (1)  by  being  more 
evolute,  (2)  by  being  more  uniformly  convex,  (3)  by  its  tubercles 
being  more  marked,  (4)  by  its  straighter  and  thicker  ribs,  (5)  by 
the  more  complete  separation  of  the  keel,  (6)  by  the  teeth  on  the 
keel  being  less  oblique. 

In  the  limestones  referred  to  the  age  of  the  Coral  Kag  at  Sike 
Gate^  near  Cawton,  Yorkshire ;  also  at  Culham,  Oxfordshire. 

Chsmhitzia  lakotonsnsis,  spec.  nov.    PI.  XIU.  fig.  3. 

Although  this  is  an  incomplete  and  unique  specimen,  its  orna- 
ments are  so  distinct  and  remarkable  that  it  can  be  confounded 
with  no  other  CTiemnitzia. 

It  also  possesses  a  remarkable  callosity  on  the  inner  lip,  which 
ought  perhaps  to  separate  it  from  this  genus. 

Spiral  angle  19^,  angle  of  suture  130^.  Total  length  5^  inches 
(estimated);  last  whorl  2  inches  long,  double  the  next  whorl; 
whorls  only  moderately  convex,  least  so  in  the  upper  part ;  suture 
not  deep,  but  rather  abrupt;  ornaments  irregular,  undulating 
risings  parallel  to  the  length  of  the  shell,  numerous,  and  dose 
toge^er. 

In  the  Coral  Bag  of  Langton  Wold,  Yorkshire. 

CHXHiriTZiA  PSBunoLiiCBATA,  spoo.  uov.     PL  XTTT.  fig.  4. 

Spiral  angle  14^,  angle  of  suture  115^.  Total  length  2^  indies ; 
last  whorl  |  indi,  not  quite  twice  the  next ;  whorls  moderately 
convex,  sutures  ill  defined.  Ornaments,  numerous  fine  transverse 
curved  ribs,  the  concavity  towards  the  aperture. 

The  nearest  ally  to  this  seems  to  be  C  limhata^  Contejean ;  but 
ihe  present  species  is  not  limbate,  and  the  ornaments  are  not 
sigmoid. 

In  the  Ironstone  of  Abbotsbury. 

CHBXlflTZIA  TBBBUGINBA,  SpCC.  nOV.      PI.  XIII.  figS.  5,  5  a. 

Spiral  angle  26°;  angle  of  suture  110°.  Total  length  I  indi; 
last  whorl  more  than  ^  the  length,  twice  the  next ;  whorls  mode- 
ratdy  inflated,  each  with  11-12  transverse  elevated  ribs,  curved 
towflj^  the  aperture  at  the  top ;  the  ribs  and  interspaces  between 
them  covered  with  fine  longitudinal  strise;  mouth  rather  oval, 
beautifully  shown  in  the  specimen  communicated  by  J.  F.  Walker, 
E8q.,F.G.8.&c.(fig.5o). 
In  the  Ironstone  of  Abbotsbury.  (Woodwardian  collection.) 
The  Woodwardian  spedmen  is  eminently  chemnitzioid ;  but  Mr. 
Walker's  is  more  infiated,  and  is  like  a  Scalaria.  The  ornaments 
are  the  same  in  both.    It  is  possible,  however,  they  may  be  distinct 
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CBKTTHTiTif  DfOBKATinc,  BaYignier,  0^1.  de  la  Mense,  pL 
fig.  17. 
Unoraamented  Cerithia^  to  which  the  above-quoted  figur 
the  closest  resemblance,  are  not  uncommon  in  the  Bag- 
Brompton  and  Ayton.  A  similar  shell,  however,  from  the  Ti 
beds  of  Pickering,  shows,  under  a  strong  lens,  excessively  fin 
tudinal  strisB ;  and  we  are  not  sure  whether  this  may  not 
Terehra  melanoicUs  of  Phillips,  which  otherwise  we  have  i 
with.  A  block  of  Rag  from  Aytx)n  is  figured  (PL  XTV.  fig.  1),  g 
this  and  three  other  species. 

Certthitm,  sp.  (cf .  viRDTJinnfBE,  Buvignier).     PL  XIV.  fig.  S 

A  small  shell  from  a  bed  full  of  micromorphs  at  Cauklass  '. 
the  vale  of  Pickering,  agrees  wdl  in  other  req)ects  with  Bni 
species,  but  that  it  is  only  one  sixth  the  size.  As,  howe 
identity  may  be  doubtful,  we  give  a  figure.  If  considered  < 
it  may  be  called  Cerithium  gradatum. 

l^miisMk  FUSiFORMis,  D'Orbiguy.     PL  XIV.  figs.  3,  3  a. 

Notwithstanding  that  this  species  is  well  figured  in  D'Oi 

-  y^  Pal.  Prang.  Terr.  Jurassiques,  we  give  a  figure  of  it,  because 

-  ^  '  important  and  characteristic  a  sheU  in  the  Bag  of  the  Scarl 

C  .^  district. 

^  *^  Natica  mabchameksis,  spec.  nov.    PI.  XTV.  fig.  4. 

NaticcB^  as  a  rule,  present  few  dharaoters ;  and  one  usually  ; 
^  i^  emharras  de  richesses  when  names  have  to  be  invented  fo: 

£  ^  Two,  however,  we  cannot  match  elsewhere ;  and  they  are 

with  extreme  characters  in  opposite  directions. 

N.  marchamengu  is  uniformly  convex,  the  convexities  ( 
whorl  almost  joining,  to  make  but  one  curve,  the  autures  bei] 
feebly  marked.  Spiral  angle  66^.  Last  whorl  more  thai 
whole. 

In  the  Naiica^he^  of  Marcham  and  the  neighbourhood. 

Natica  FELmA,  spec.  nov.     PL  XTV.  fig.  5, 

This  is  as  remarkable  for  the  step-like  character  of  its  sp 
top  of  each  whorl  being  perfectly  horizontal,  and  separated 
larly  from  the  sides.  It  was  ornamented  with  tibree  dark-c 
longitudinal  bands.  Spiral  angle,  which  is  increased  by  t 
whorl,  85®.    Last  whorl  |  the  whole. 

In  the  Low^  Caloareous  Grit,  Catoombe^  Wiltshire. 

Neritopsis.    PL  XIV.  fig.  6. 

FoBsils  like  the  one  figured  were  for  a  long  time  a  puzi 
were  commonly  referred  to  some  Cephalopod,  like  BelapUra 
the  name  of  AUarumy  till  they  were  discovered  by  M.  Bet 
(BuU.  Soo.  G^L  de  France,  voL  xxvi.  2nd  aeries,  p.  182)  i 
natural  position  as  an  operculum  of  a  Neritopsis.    This  pa 
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0D6  is  probably  tbe  operonlom  of  If.  Ouerrei^  ike  onlj  ^eeiae  known 
in  tbe  rock* 
In  tbe  Coral  Bag  of  Upwaie,  Oambridgesbire. 

Tbochus  axtonensis,  spec.  nov.     PL  XIV.  fig.  1  d. 

Spiral  angle  60^.  £acb  wborl  ornamented  witb  a  nodular  band 
at  tbe  base,  and  tbree  rows  of  tubercles  above ;  base  smootb,  imper- 
fomte.     Leingtb  1|  line. 

In  general  sbape  and  ornaments  tbis  is  near  to  T.  carineUarU 
(Buy.) ;  bat  tbere  are  more  rows  of  tubercles  in  tbat  species. 

In  the  Bag  of  Ayton,  associated  in  tbe  figured  block  with  LUtarma 
wmrieata,  CeritMwn  momottim,  and  Eucyelui  Btwignierif 

Patslul  xosensis,  Buvignier. 

We  haye  inserted  tbis  in  i^e  list  of  Upper  Calcareous  Grit  forms 
in  spite  of  the  absence  of  any  remains  of  a  muscular  impression, 
wbidi  has  led  M.  Deshayes  to  reject  similar  fossils  from  tbe  ICol- 
hiBca.  We  could  scarcely  expect  to  find  such  impressions  in  the 
fossils,  when  they  are  so  difficult  to  peroeiye  eyen  in  ihe  recent 
shells  of  seyeral  pateUoid  moUusca. 

OlBTBOCHiENA  CABHTATA,  SpOC.  UOy.     PL  XY.  fig.  5. 

Height  half  the  length ;  yalves  moderately  infiated ;  umbcmes  | 
the  length  of  the  sheU  from  the  anterior  end,  small,  approximate ; 
posterior  end  obliquely  truncated,  haying  one  minor  keel  running 
from  the  umbo  nearly  parallel  to  the  hmge-line,  and  enclosing  a 
ooryed  area,  and  one  larger,  running  from  the  umbo  to  the  yentral 
margia ;  area  behind  this  keel  smooth ;  gape  readung  the  middle 
of  the  yentral  margin.    Length  4  lines. 

This  is  nearly  allied  to  G.  eoralUn$i$^  but  differs  in  having  the 
first  keel  less  conspicuous,  and  in  haying  no  ornament  between  the 
keds. 

Among  the  corals  in  the  Rag  of  Westbrook,  Wilts. 

TixcBSDiA  nispuTATA,  spoc  uov.     PL  XTV.  fig.  7. 

Height  f  the  length ;  yalyes  not  very  convex,  most  so  opposite 
<2ie  umbo ;  umbo  nearly  median,  slightly  posterior ;  yentral  margin 
uniformly  convex,  curving  rapidly  anteriorly  to  meet  the  sloping 
dotBal  edge ;  posterior  end  more  convex  on  the  surface,  having  a 
very  slightly  fiatt^ied  space  diverging  fr<»n  the  umbo ;  posterior 
margin  rounded.    Length  I^  inch. 

This  differs  from  the  common  T.  planata^  associated  with  it,  by 
iti  greater  comparative  length  and  its  more  pointed  anterior  end. 
Its  uniformity  of  outline  gives  it  something  of  the  appearance  of  a 
Plewramya. 

In  the  Osmington  Oolite. 

hjcaA.  ASPXRA,  Buvignier.    PL  XTV.  fig.  8. 
The  shells  recorded  under  this  name  may  perhaps  be  rightly  iden- 
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tified ;  bat  tiiey  are  more  ibomboidal,  and  the  lines  or  layen  of 
growth  are  not  so  strongly  marked,  while  the  interspaoee  are 
striated.  To  prevent  confusion  we  figore  one  of  our  shells,  whidi 
are  exceedingly  diaracteristio  of  the  Upper  Calcareous  Grit  of  Yoii- 
shire. 

LucnrA.  Bxahii. 

The  shell  which  has  long  borne  this  name  in  Yorkshire,  we  hafe 
little  doubt  is  the  same  as  the  L,  ghhosa  of  Buvignier. 

LrciKA.  ocuLrs,  spec  nov.    PL  XlV.  figs.  9,  9  a. 

Height  nearly  equal  the  length,  thickness  of  the  two  ralrea 
together  |  the  height,  making  the  valves  very  convex,  most  so  over 
the  umbones,  whidi  are  f  the  l^igth  from  the  anterior  end ;  urn- 
bones  not  projecting  far  beyond  the  dorsal  edge.  Lunula  and 
esimtcheon  both  well  marked;  the  lunule  widest  and  shortest; 
ornaments,  fine  regular  concentric  riblets. 

This  is  nearly  allied  in  shape  and  ornaments  to  L.  Moreana,  Bur.; 
but  it  is  more  inflated,  and  the  characters  on  the  hinge-line,  which 
give  it  the  appearance  of  a  pair  of  spectacles,  very  clearly  separate  it. 

In  the  Coralline  Oolite  of  Nawton,  Malton,  &c. 

Unicabdiitm  pluotm  ,  spec  nov. 

All  the  Unicardia  found  in  Corallian  beds  have  hitherto  been 
named  U.  cUprestum  (Phillips)  ;  but  there  are  certainly  two  forms 
which  may  be  easily  distinguished.  We  do  not  figure  the  one 
we  call  U,  plenum^  as  there  is  little  to  characterize  it ;  but  it  is 
distinguished  by  its  greater  obesity,  and  the  obvious  inappropriate- 
nees  for  it  of  the  term  '*  depressed.'' 

It  is  most  often  found  in  the  Coralline  Oolite  of  Malton. 

AsTABXB  DuBOisiANA,  D'Orbiguy.     PL  XY.  fig.  3. 

This  form,  which  was  not  figured  by  I^Orbigny,  is  highly  cha- 
racteristic of  some  portions  of  the  Coralline  Oolite  of  Yorkshire, 
and  is  therefore  figured  for  reference. 

ASTABTS  SXTBDEPBESSA,  SpCC.  UOV.      PL  XIY.  fig.  10. 

Shell  suborbicular ;  height  ^  the  length ;  valves  much  depressed, 
but  very  uniformly  convex.  Umbones  slightly  anterior,  very  in- 
conspicuous ;  lunule  almost  linear ;  posterior  dorsal  margin  nearly 
straight,  anterior  slightly  concave.  Ornaments,  Tory  regular  fine 
ribs  with  equal  spaces  between  them,  almost  unifonnly  over  the 
whole  surface. 

Length  II  lines,  which  is  about  a  medium  size. 

The  general  orbicularity,  and  the  regularity  and  fineness  of  the 
ribs,  distinguish  this  from  other  depressed  Astartes,  the  nearest  being 
one  described  by  De  Loriol  as  A.  boucardensis. 

In  the  Coral  Rag  of  Wiltshire. 
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AaTABTB  ATTOKiDrBiB,  Lyoett.    PL  XIV.  fig.  11. 

A  very  remarkable  form  in  the  Leckenby  collection  has  long  gone 
under  the  name  given  it  by  Bean  ;  and  a  similar  shell  is  described 
by  Dr.  Lycett  from  the  Great  Oolite.  It  is  elongated  and  sub- 
quadrilateral  ;  height  }  the  length ;  valves  very  depressed ;  umbones 
f  the  length  from  the  anterior  end,  not  very  prominent,  snbin- 
eorved ;  ventral  margin  undulating,  drawn  in  opposite  the  umbo  ; 
posterior  margin  obliquely  truncated  ;  anterior  margin  gibbous  ; 
dorsal  posterior  margin  straight,  horizontal ;  anterior  sigmoidal ; 
ornaments,  regular  large  ribs  following  the  contour  of  the  ventral 
margin. 

Length  1^  inch. 

The  specimen  figured  is  from  a  suboolitic  matrix  at  Ajrton ;  and 
the  species  also  occurs  in  the  Coral  Bag  of  Upware. 

Ctpedta  takcbediformis,  spec.  nov.     PL  XV.  figs.  1,  1  a. 

Shell  subtrigonal ;  height  from  umbo  ^  the  length ;  valves  only 
moderately  convex.  Umbones  prominent ;  posterior  side  flattened, 
and  the  end  truncated  ;  anterior  ventral  margin  curving  rapidly  up 
to  meet  the  anterior  dorsal  margin,  producing  the  appearance  of  a 
beak,  as  in  a  Tancredia ;  dorsal  margin  running  to  an  angle  beneath 
the  umbo  ;  surface  smooth,  shining.  Hinge  fairly  comparable  to 
that  of  a  Cyprina, 

This  has  a  very  great  resemblance  to  a  Tancredia^  but  it  has 
scarcely  the  hinge  of  that  genus. 

In  the  Lower  Calcareous  Grit  (Nothe  grits),  Weymouth,  and 
abundant  as  casts  at  Highworth. 

Ctpwcardia  olabka,  spec.  nov.     PL  XV.  figs.  2,  2  a. 

Shell  roundly  triangular;  height  equal  the  length;  valves  in- 
flated ;  umbones  rather  prominent,  nearly  median ;  surface  smooth. 

Lengtli  I  inch. 

There  is  little  to  characterize  this  shell.  It  is  more  inflated  than 
most  of  its  congeners,  and  the  posterior  ridge  is  very  feebly  marked. 

In  the  Tngonia-heda  of  Weymouth,  and  many  other  paits  of  the 
series  both  in  the  south  and  north  of  England.  It  is  somewhat  re- 
markable that  so  plentiful  a  shell  should  have  escaped  the  notice  of 
authors,  though  it  is  just  possible  that  some  of  the  figures  by  De 
Loriol  may  be  intended  for  this  species. 

Pbotocarditjv  isocakdioides,  spec.  nov.     PL  XIV.  fig.  12. 

Shell  inflated,  umbones  very  prominent,  incurved ;  radiating  lines 
▼ery  fine  and  scarcely  observable,  confined,  as  usual,  to  the  posterior 
side. 

This  is  so  strongly  infiated  that  it  has  very  much  the  aspect  of  an  lao- 
cardia,  under  which  genus  it  has  certainly  been  known  in  collections. 

In  the  TV^onta-beds,  Osmington  and  elsewhere. 

The  Yorkshire  forms  which  we  have  cited  by  this  name  may  very 
possibly  represent  the  Vardium  lohatum  of  Phillips,  which  is  badly 
characterized,  and  undeterminable  from  the  figure  alone. 
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Atictla.  BiBXKoaujaa^  Be  LorioL    PL  XYI.  fig.  3. 

This  is  a  near  ally  of  the  last. 

The  axis  is  a  uniform  elliptic  cnrre,  causing  the  ventral  margin 
to  sweep  round  like  the  blade  of  a  scvmitar.  The  wing  b  broad, 
and  joins  the  shell  by  an  impressed  angle.  This  might  be  supposed 
ti>  be  a  QervUHa ;  bat  there  are  no  pits  on  the  hinge-line,  which, 
bofwever,  is  rather  solid,  even  for  an  Avicula, 

In  the  2V^ro7tta-beds,  Weymonth. 

Aticula.  Lfivis,  spec.  nov.    PL  XVI.  fig.  2. 

The  axis  of  the  shell  makes  an  angle  of  nearly  90°  with  the  hinge  at 
first,  bnt  bends  back  slightly  at  a  later  stage ;  convexity  slight  except 
at  the  umbo,  which  rises  uniformly  from  the  surface ;  hinge-line 
very  short,  wing  obsolete ;  surface  of  shell  smooth. 

In  the  Hambleton  Oolite,  Eepwick,  and  in  the  uppermost  bed  of 
Lower  Calcareous  Grit  in  the  Oxfordshire  district. 

AvicuiA  ovAijs,  PhiL,  var.  OBuarA.    PL  XIY.  fig.  13. 

A  small  and  very  oblique  variety  of  this  well-known  shelL  It  is 
remarkable  for  the  beauty  of  its  ornament  and  its  general  difference 
of  appearance  from  the  type.  A  specimen  from  Comnor  seems  to 
possess  a  hinge  of  peculiar  character.  Occurs  in  tolerable  abundance 
in  the  Upper  Calcareous  Grit  of  Pickering. 

liDfA  UBvinscuLA,  Soworby. 

There  are  certainly  three  forms  which  as  much  deserve  separation 
as  the  corresponding  ribbed  species ;  and  they  come  from  very  different 
horizons :— (1)  A  roughly  ribbed,  somewhat  orbicular  shell,  occurring 
towards  the  base  of  the  Lower  Limestones  in  Yorkshire ;  (2)  Sowerby's 
typical  form,  in  the  Coralline  Oolite  generally  throughout  England ; 
(3)  a  very  smooth  transverse  shell,  frequently  attaining  large  dimen- 
sions, extremely  characteristic  of  the  Eag  of  Grimston. 

Pbczsv  nrcEBiBxnrs,  Bomer.     PL  XY.  fig.  9. 

This  has  long  been  known  in  Yorkshire  as  P.  cancellatus  of  Bean, 
but  has  never  been  figured  from  English  specimens,  as  it 
strangely  escaped  the  notice  of  Professor  Phillips,  though  magni- 
ficent specimens  of  it,  6  in.  in  diameter,  are  preserved  in  the  York 
Museum.  In  England  it  occurs  in  the  Coralline  Oolite  of  the  Malton 
district,  and  of  comparatively  small  size  in  the  Trigonia-hed^  of 
Abbotsbury  and  Broaidwey. 

FsciEB  auALioosTA,  fitallou.    PL  XV.  figs.  4,  4  a. 

We  for  some  time  called  this  P.  varians,  Eomer;  but  as  it 
appears  doubtful  what  that  species  really  is,  and  as  £tallon's  name 
80  admirably  describes  its  characters,  we  have  adopted  it.  The  shell 
is  very  characteristic  of  the  Osmington  Oolites  and  beds  on  a  similar 
horizon,  but  passes  up  into  the  false-bedded  Limestones  of  Calne. 
Bach  rib  (and  they  are  not  regular)  is  crossed  by  a  number  of  scaly 
nsings ;  and  those  in  the  left  valve  in  this  species  obscure  the  ribs. 
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la  the  nearly  allied  form  P.  atrietus^  Miinster,  every  5th  or  6 
in  the  right  valve  is  enlarged,  and  in  the  left  the  rihs  predom 
They  both  occur  together. 

PLIOATtJL^. 

There  are  several  species  noted  in  the  CoraUian  beds  which 
not  yet  been  recognized ;  bat  they  are  not  in  sofficiently  perfec 
servation  to  warrant  our  naming  them  further  than  by  com] 
them  to  their  nearest  allies. 

Gbtprsa  bubgibbosa,  spec.  nov.    PI.  XVI.  fig.  7. 

At  first  sight  one  might  take  this  great  Oryphasa  as  me 
variety  of  O,  dUatata  ;  but  as  it  seems  to  be  always  confined  to 
ticular  horizon,  and  to  present  a  constant  feature  in  its  shi 
becomes  worthy  of  notice.  It  is  gibbous  on  the  posterioi 
rising  up  into  a  shoulder,  something  like  G.  gibbosa  of  Leset 
Dollfus, '  La  Eaune  Kim.  du  Havre,'  pi.  xvii.  fig.  5),  but  ob^ 
differing  from  that  spedcs.  Known  to  us  only  in  the  cement-st 
North  Grimston,  where  it  is  very  common. 

10. 
rostrata,  PhiL, 


Glyphba  fereijgikea,  spec.  nov.     PI.  XV.  fij 

This  species  is  very  closely  allied  to  O, 
occurs  on  a  much  lower  horizon ;  but  difiers  &om  it  in  the  g 
shape,  the  lower  margin  being  more  convex.  Also  the  ai 
lateral  furrow  runs  right  f orwa^  to  meet  the  cervical  furrow 
acute  angle,  instead  of  having  a  lobe  from  the  gastric  region 
vening.  These  lateral  furrows  are  also  more  deeply  impresse 
more  parallel. 

It  occurs  in  the  Ironstone  of  Abbotsbury. 

In  PI.  XVI.  fig.  1,  is  represented  a  curious  crustacean  fra 
from  the  Coral  Rag  of  Upware,  which  has  been  prolific  in  orgt 
of  this  class.     It  presents  the  appearance  of  a  carapace  like  t 
small  spider-crab  ;  but  its  slight  want  of  symmetry  indicates 
a  joint  from  one  of  the  legs. 


List  of  the  Continental  Fossils  recognized  as  British  for  the  firs 
so  far  as  may  he  gathered  from  Publieatians, 

Notes,  LocaliHes. 

OonX     Rag,     Gi 

Field. 

LimeBtonee,North 

So    named    in   some  Bas  of  Brom^toi 

collections.  uiell-beds,  Pick 

Trigonia-hedB,    ^ 

month. 


Name, 
Nautilus  aganiticus,  8ckl, 

Acteonina  miliola,  IXOrb. 
Nerinna  fosiformis,  I/Orb, 

DesToidyi,  I/Oih, 


Cerithium  inomatum,  ^uv^.   Beferred    to    Eulima  Baeof  Ayton^Broi 

snell-beds,  Picki 


Humbertinum,  Buvig, 


Usvwata^  Ljc.  t.  31. 
fig.  3.  Perhaps  also 
the  Chemnitzia  me- 
lanioides,  Phil. 


Bag,  Ayton,  Farin 
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Ntrms. 
CerithiaiiifSp.  (e/lYirdunense, 

PelUti,  De  Lor, 

nuohaelense. 

Littorina  Meriani  {GMf.), 

Tnrritella  junMsioa  (Qu.). 

Turbo  ooraUenflis,  Buvia, 
Raeydaa  BuTignieri,  D  Orb. 
PhaflUnella      BuTignieri, 
I/Orb. 

Bulla  Beaagrandi,  De  Lor, 
Ohemnit-ria     abbreviata, 

Bom, 
Natioa  grandia,  Boim, 

Trodias  dflsdaltiB,  1/Orb. 

AlAria  Deehayeaea,  Buviff, 


tridactyla,  Buviff. 

Patella  Mownfis,  Bum^. 

Emarginnla  Goldfuseii,  Rom, 
Oeromya  inflata,  Aff. 

Opit  luxiiilata,  Bom, 

paradoza,  Buvig, 

Tirdnnenaia,  Buvig. 

Astarte  Duboiaiaiia,  If  Orb, 
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Hitherto     included 
with  L.  murica^a. 


Localitie*. 
Shell-bed,  Oauklaat. 

LimestoneAjNorth  Dorset. 

Bag,  Sproxton. 

Lower  Oalc-grit,O0imng- 
ton. 

Trigonia  -  beda,    Wey- 
mouth. 

Bag  of  Ayton  and  Oalne. 

Rag  of  Ajrton. 

Osmington  Oolite,  and 
Flongemma'\»dit  Btur- 
minster. 

Bag,  Ayton. 

Shell-bed,  Oumnor. 


Probably    N,   cincta.    Bag,  North  QvimaUm. 
Phil. 

Coralline   Oolite,    High- 
worth,  &c« 

TV^onia.  beds,    Wey- 
mouth ;     FJorigemma- 
bed,  Sturminster ;  ?  Ur- 
ohin-beds,  N.Grimston. 

Bag  of  N.  Grimston. 

Upper  Calcareous  Grit, 
Pickering. 

Bag  of  Upware. 
Much    resembles    an   Middle  Luneetones,  Wey- 
Opis.  mouth  district. 

Bag,  Upware  and  North 
Grimston. 

Bag,  Upware. 

Ba«,  Upware  and  North 
Grimston. 

Coralline  Oolite  of  the 
Tabular  Hills. 


So  named  in  some  col- 
lections, but  usually 
referred  to  A.  ele- 
gan$t  Sow. 


Middle  Limestones    Ac., 
South  of  England. 

Lower  Calcareous  Grit, 
Seend. 

Supraooralline  of  York- 
shire. 

Lower  Calcareous   Grit, 
Seend. 

WilUhire  Ac. 


polymorpha,  Cont^. 

depressa,  GoU{f, 

Lucina  aspera,  Buvig. 

circumcisa,  Z,  j-  G. 

' —  Moreana,  Buvig, 

O&rdium  cyreniforme,  Buvig.    So  named  in  some  col-   Shell-beds,  Pickering. 

lections. 

Hyoconcha  Ssemanni?,  Dolff.  Shell-bed,  Headmgton. 

Woa  gran^ Et,  ?-/.  multitMata,  |  ^^  xjpware. 

Area  sublata,  J/ Orb,  Bag,  Lyneham,  Ac, 
Limopais  oorallensis,  Buvig.  Shell-bed,  Pickering. 
Modiola  canoellata,  i?cPm.        Perhaps  referred  to  Af.    Upper  Calcareous  Grit, 
pulchra,  Phil.  Nunnington  ;      Shell- 
beds,  Highworth  Ac. 
rarians,  Rom.                                                      Liraestones,North  Dorset. 

Q.  J.  G.  8.  No.  130.  2  d 
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Kame. 
Modiola  subeqniplioata, 
Gold/. 


MjtiluB  jurensifl,  Merian. 
ATicula  Struokmazmi,  Dehor. 
lima  subantiquata,  Bom. 

—  fragilis,  Rom. 

Pecten  qualicosta,  Et.  1 
striata,  MUnst.    j 

— ^  intertextus,  Rom. 

Tirdunensis,  BuvUf. 

subtextoriue,  Goldf, 


Notes. 
The  shell  bo  identified 
seems  to  take  the 
rface  of  Af.  hipartiia. 
Sow.,  of  the  Low^ 
CaloareoiisGrit  &o. 


So  named  in  some  col- 
lections. 

A  somewhat  doubtfol 
identification. 

Varieties  of  the  Jtbro- 
sus-groiip. 

The  P.  eancellatui  of 
Bean. 


Loealitiei. 
Main  limestones  of  the 
Wejnnouth      distriet ; 
SikeOate. 


)Main  limestones  of  ths 
Weymouth  distriet 
Osmington  Oolite,  &c. 

Bag  of  Ajton,  &c. 

Osmington  Oolite,  &c. 

Chiefly  Oolite  and  Bag  of 
the  Malton  district 

TViffonia-hodSf     Wey- 
mouth. 

Marcham  and  Westbrook. 


Beschiption  of  a  new  Species  of  Abaucarites  from  the  Goballikx 
Oolite  0/ Malton.    By  W.  Carbuthers,  Esq.,  F.R.S.,  F.G.S. 

Abaucarites  Hudlestoni,  Carruthers,  sp.  nov. 

Cone  oblong-ovate,  supported  on  a  thick  branch,  which  is  clothed 
with  leaves  to  the  base  of  the  cone.  Scales  numerous,  supported  on 
a  thick  axis.  Scales  smedl,  wingless,  with  a  well-marked  lepidium 
or  upper  scale.     Seed  small,  oval,  borne  at  the  base  of  the  scale. 

The  two  cones,  found  by  Mr.  Hudleston,  are  mature,  and  each 
scale,,  except  those  imperfectly  developed  at  the  apex  and  base  of 
the  cone,  bears  a  seed.  The  cones  are  small,  being  3|  inches  long  by 
2^  inches  broad.  The  scales  also  are  small  in  proportion  to  Qte 
thickness  of  the  axis.  The  axis  must  have  been  the  fbrst  part  of  the 
organism  to  decay,  as  the  matrix  in  which  the  cones  were  imbedded 
was  yet  unsolidified,  and  has  been  pressed  into  the  cavities  left  by 
the  decayed  axes.  The  scales,  however,  persisted  until  the  rock 
became  indurated ;  and  when  this  decay  took  place,  the  cavities  were 
filled  in  with  crystalline  calcit«,  which  now  represents  the  external 
form  of  the  scales  and  seeds,  often  with  singular  minuteness. 

The  fragment  of  branch  which  still  adheres  to  one  of  the  cones, 
exhibits  the  bases  of  the  loaves,  which  were  of  considerable  size 
and  thickness,  as  is  shown  by  the  transverse  section  of  the  calcite 
cost. 

The  characters  which  I  have  described  as  found  in  the  scales 
show  that  this  Araucarta  belonged  to  the  Colymbea  section  of  the 
genus,  now  represented  by  two  species  in  South  America,  one  in 
Australia,  and  a  fourth  in  New  Caledonia.  The  Araucarites  spha- 
rocarpus^  from  the  Inferior  Oolite  of  Bruton,  and  the  A.  pipping- 
fordensis,  from  the  Wealdens  at  Pippingford,  belong  to  the  same 
section  of  the  j^enus. 
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EXPLANATION  OF  PLATES  XII.-XVII. 

Plate  XII. 
Table  of  OompacfitiTe  Seotions  of  the  Ooralline  Bocks  of  England. 

Plate  XIII. 

Pig.  1.  Amjmmiiea pseudocordatua,  BL  &  H.,  Westbury  ironstone,  two  fifths 
nat.  size. 
2, 2  a.  Ammoniies  cawtonensia,  BL  &  H.,  Coral  Bag  of  Sike  Gate,  Caw- 
ton,  Yorkshire,  nat  size. 

3.  Ckemnitzia  langtonensis,  BL  k  H.,  Coral  Bag  of  Langton  Wold, 
Yorkshire,  nat.  size. 

4.  ChemnUsia  paeudoUmbaia,  BL  &  H.,  Abbotsbury  ironstone,  nat 
size. 

5.  Chenmiteia  ferruginetL,  BL  k  H.,  Abbotsbury  ironstone,  nat  size. 
In  the  eoUection  of  J.  F.  Walker,  Esq. 

5  a.  Chemnilsiafimiffinea^  BL  k  H.,  Abbotsburj  ironstone,  nat  size. 
In  the  Woodwardian  Museum,  Cambridge. 

Plate  XIV. 

Fig.  1.  Fragment  of  the  Coral  Bag  of  Ayton,  showing,  a.  CerUhium  inor- 
natuniy  But.  ;  h.  Eucydus  Bumgnieri,  D'Orb. ;  o,  Littorinafn»ric€Ua, 
Sow. ;  d.  IVochua  aytonmsis^  sp.  n.,  nat  size. 
1  d.  JVockua  a^Ummuis^  BL  k  H.,  Coral  Bag,  Ajton,  enlarged. 

2.  CerUhium  virdunmae.  But.,  Small-shell  bed,  Cauklass  End,  Ness, 
Yorkshire,  nat.  size. 

3.  Nertnaa furifitrrnis,  I^Orb.;   3a.  Fragment  showing  the  mouth: 
Coral  Bag,  Brompton,  Yorkshire :  nat  size. 

4.  NaHea  marehameimst  BL  k  H.,  Maroham,  near  Oxford,  nat  size. 

5.  NoHca  felina^  BL  k  H.,  Lower  Calcareous  Grit,  Catcombe,  Wilt- 
shire, nat  size. 

6.  Operculum  of  a  Neritopsis,  Coral  Bag,  Upware,  nat.  size. 

7.  Taneredia  diapuiaia,  BL  k  H.,  Osmington  Oolite,  nat.  size. 

8.  Lueina  aapera.  Bur.,  Upper  Cidcareous  Ghit,  Yorkshire,  nat.  size. 

9.  9  a.  Lueina  oculust  BL  k  H.,  Coralline  Oolite,  Yorkshire,  nat.  sise. 

10.  10  a.  Aaiarte  aubdepressa,  BL  k  H.,  Coral  Bag,  Wiltshire,  nat 
size. 

11.  JstarU  aytonmaia,  I^cett,  Ayton,  Yorkshire,  nat.  sise. 

12.  JhfoiooarJmm  iaocardioidas,  BL  k  H^  2Vi^on«a-beds,  Osmington, 
nat  size. 

Id.  Jvieula  avaUa,  PhiU.,  yar.  oblique,  Upper  Calcareous  Grit,  Hck- 
ering,  enlarged. 

'  Plate  XV, 

Fig.  1,  1 0.  Oyprimi  ianer«dtformia,  BL  k  H.,  Nothe  Grits,  Wejmyuth, 
nat.  size. 

2.  Cyprieardia ffUAra,  Bl.  k  H.,  TH^fonta-beds,  Osmington;  2a.  the 
interior  of  another  Talre,  TV^oma-beds,  Pickering:  both  na/k  size. 

3.  Mtarte  Duboisiana,  I^Orb.,  (>>ralline  Oolite,  Seamer,  nat.  size. 

4^  4a.  PidefL  fiudiootta,  EtalL,   right  and  left  yalTCs,  Osmington 

Ooiite,  nat  size. 
5,5  a.  Gaatrochana  carinata,  BL  k  H.,    North  Dorset  limestone, 

enlarged. 

6.  Area  Umthanon,  BL  &  H.,  Coral  Bag,  Slingsbj,  Yorkshire^  nat. 

7.  Area  anemala,  BL  &  H.,  Oorfll  Bag,  Upware,  nat  size. 

8.  8  a.  Myiilua  variana,  Bom.,  Oorallme  of  North  Dorset,  nat  size. 

9.  Pecten  iHteHextua,  Bom.,  Coralline  Oolite,  Settrington,  nat  tise. 

10.  Qlyphsa ftnuginea,  Bl.  k  H.,  Abbotsbury  ironstone;  carapace, 
nat  sue. 

2i>2 


Digitized  by  VjOOQIC 


401  J.  F.  BLAEB  AND  W.  H.  HUDLB3T0K  ON 

Plati  XVL 

Fig.  1.  Fragment  of  unknown  Orustaoeon,  enlarged.    Coral  Bag»  ^ 
2.  Avicula  ksvis,  BL  &  H.,  Hambleton  Oolite,  Eepwick,  Yoi 

nat.  sixe. 
8.  Avicula  Struckmanni,  De  Lor.,  Triffonia-hedBj  Osmington,  a 

4.  Avicula  jftcropemoideSj  Bl.  &  H.,  Lower  Lhnestones,  Thi) 
Yorkshire,  nat.  sixe. 

5.  ModioUt  canceUata^  Bom.,  Upper  Oaloareous  Ghrit,    Niinnj 
Yorkshire,  nat.  size. 

6.  Avicula  pteropemoides^  Bl.  &  H.,  Trigoniorh&d^  Abbot^Hu; 
size. 

7.  Gryph^Ba  suhgibbosa^  Bl.  k  H.,  Cement  Stone,  North  Gri    x  h  ir^ 
Yorkshire,  half  nat.  size.  "  t  r  ^ 


'J' 


Plate  XVII. 

Cone  of  Araucariies  HudlesUmi,  Carrathers,  from  the  Coralline  Oo] 

Malton,  Yorkshire. 
Fig.  1.  Basal  portion  of  the  oone,  nat  size. 

2.  Longitudinal  section  of  the  cone,  nat.  size. 

3.  Detached  scales,  in  part  broken,  showing  seeds,  nat.  rize. 

Discussion. 

Mr.  Ethbkiboe  spoke  in  high  terms  of  the  merits  of  the 
with  the  opinions  expressed  in  which  he  folly  agreed.     It 
immense  experience  and  careful  stady  to  correlate  the  various 
which  presented  great  paiaeontologicd  and  petrological  differei 

Prof.  Seeley  said  that  he  studied  the  Coral  Bag  in  1860—1 
during  which  period  he  went  all  over  the  sonth-westem  and 
the  north-eastern  region,  in  company  with  the  late  Prof, 
and  had  the  advantage  of  discussing  the  various  sections  with 
distinguished  geologist.     He  could  not  help  being  struck  wif' 
heterodox  character  of  the  present  paper,  and  contrasted  the 
plexity  of  its  classification  with  the  simplicity  of  Sedgwick's  I' 
the  deposits  referred  to.     He  grouped  the  suhordinate  beds 
as  unimportant  divisions  of  the  three  grand  series — the  Lower 
careous  Qrit,  Coral  Bag,  and  Upper  Calcareous  Grit.     In  the  aui 
classification  the  term  Coral  Bag  was  restricted  in  its  appli< 
and  the  Upper  Calcareous  Grit  had  disappeared  from  the  soui 
portion  of  the  section.     Sedgwick  regarded  the  Weymouth  sectioi 
the  fDost  typical  in  all  England  ;  and  in  going  norUi  these  beds 
traceable  as  far  as  Oxford.     In  Central  England,  from  Oxford 
Yorkshire,  there  was  a  series  of  days  most  varied  and  instru(  ' 
showing  the  reverse  of  much  of  the  Coral-Bag  area — namely, 
limestones  and  thick  days.     The  Ampthill  Clay,  as  this  series 
been  called,  showed  the  fossils  of  the  Coral  Bag,  but  in  a  oei 
way  comprising  Oxford  and  Ximmeridge  Clay  fossils.     The 
geologists  are  in  doubt  as  to  what  the  Coral  Bag  is :  in  the  Bouli 
nais  the  Ximmeridge  Clay  and  Oxford  Clay  are  greatly  modified 
mineral  character ;  and  no  correlation  by  fossils  is  as  yet  possiT 
Prof.  Seeley  stated  that  M.  Bigaux  is  anxiously  looking  forward  to 
publication  of  this  paper  in  the  hope  that  it  will  aid  in  corrdating  th( 
French  series.     He  remarked  that  in  England  the  subdivisions  of  tbft' 
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Corallian  are  very  variable,  showing  frequent  fossil  and  mineral 
changes ;  but  in  France  we  have  a  physical  basis  defined  by  well- 
marked  fossils  capable  of  being  traced  on  the  one  hand  into  York- 
shire, and  on  the  other  hand  into  Dorsetshire,  and  thus  furnishing  a 
means  of  correlating  the  two  English  areas. 

Prof.  Morris  spoke  of  the  high  value  of  the  paper,  as  the  first 
complete  treatise  on  the  Corallian  of  England,  and  pointing  out  so 
clearly  the  great  di£Perence  in  the  conditions  of  deposition  of  the 
formation  in  the  northern  and  southern  areas,  and  the  mingling  of 
conditions  in  the  central  area.  He  pointed  out  that  the  so-called 
Corallian  occupied  dif!'erent  zones  in  different  localities  on  the  Con- 
tinent, stretching,  in  fact,  from  the  Oxfordian  to  the  Portlandian 
inclusive.  Oppel  regarded  the  Corallian  as  part  of  the  Oxford  group, 
and  the  Supracorallian  of  the  authors  as  a  part  of  the  Eimmeridgian. 

The  PRBSiDEifT  remarked  that  the  conditions  under  which  the  de- 
posits had  been  formed  were  evidently  those  of  a  shallow  sea. 

The  AiTTHORs,  in  reply,  said  that  they  had  intentionally  omitted 
all  references  to  continental  deposits  while  our  own  beds  were  so 
imperfectly  known.  They  had  considered  that  the  term  Coral  Kag 
should  be  restricted  to  certain  beds  which  are  actually  such  ;  and 
they  had  correlated  southern  English  beds  with  Phi]lips's  Yorkshire 
Calcareous  Grit,  but  had  thought  it  desirable  to  give  them  distinct 
names.  Their  intention  in  the  paper  was  simply  to  give  a  thorough 
description  of  the  rocks  between  the  Oxford  and  Eimmeridge  Clays, 
wherever  these  might  be. 
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19.  On  the  IirrRrsm  Chakaotsb  of  ike  Wnnr  Snx  of  NoBTHiniMt- 
LAin).  By  W.  ToPLET,  Esq.,  F.G.8.,  Assoc.  Inst.  C.E.,  Geological 
Survey  of  England  and  Wales,  and  G.  A.  Lkboitr,  Esq.,  F.G  A, 
Lecturer  in  Geological  Surveying  at  the  University-of-Burhtm 
College  erf  Physical  Science,  NewcasUe-on-Tyne.  (B«td 
December  6, 1876.) 

(Communicated  to  the  Society  by  permiBsioii  of  the  Dmd/or-GteDtnX  of 
the  Geologieal  Survey.) 

[Platb  xvin.] 

COVTBHTB. 

1.  Inirodoction. 

2.  The  Oarboniferous-Limeetone  Seriee  of  Northumberktod. 

3.  Bildiognipby. 

4.  Stratigraphioal  Belataons. 

5.  Mineral  Characters. 
0.  Age  and  Origin. 

7.  Conclusion. 

1.  Introduction, — ^The  basaltic  rocks  of  the  north  of  England  ocevr 
in  two  forms — as  sheets  lying  amongst  the  sedimentary  strata,  and 
as  dykes  cutting  through  them.  The  intrusive  character  of  the 
latter  is,  of  course,  undisputed ;  but  there  is  much  uncertainty  in  the 
minds  of  many  geologists  as  to  the  character  of  the  former. 

In  this  paper  we  purpose  to  show,  from  the  detailed  work  of  the 
Geological  Survey,  that  in  Northumberland  there  can  be  no  doubt 
whatever  as  to  the  intrusive  nature  of  the  bed  or  beds  of  basalt 
known  as  the  Whin  Sill.  This  conclusion  can  be  established  both 
by  the  evidence  of  individual  sections  and  by  the  line  of  outcrop  of 
the  trap. 

The  question  of  the  nature  of  the  Whin  SiU  is  of  importance  in 
three  ways  : — 1st,  as  a  point  of  theoretical  geology,  bearing  upon 
the  history  of  volcanic  action  in  Britain ;  2nd,  in  reference  to  the 
classification  of  the  Carboniferous  System ;  drd,  in  its  bearing  upon 
practical  mining. 

The  Whin  Sill  is  best  known  in  Teesdale,  especially  in  the  two 
fine  waterfalls  of  High  Force  and  Cauldron  Snout.  It  also  appears 
along  the  face  of  the  Penine  escarpment,  and  is  beautifully  exposed 
in  the  "  Nicks "  which  furrow  the  face  of  that  range.  Although 
this  district  is  known  to  us,  we  will  not  stay  to  describe  it,  be- 
cause it  has  already  much  engaged  the  attention  of  geologists, 
especially  Professors  Sedgwick  and  Phillips.  It  is  generally  sup- 
posed that  there  is  but  little  evidence  of  intrusion  there  ;  but  this  b 
not  the  case ;  the  evidence  is  plain  if  one  only  looks  for  it,  and  it 
was  sufficient  to  satisfy  so  close  an  observer  and  so  dear  a  reasoner 
as  Professor  Sedgwick. 

One  of  the  finest  sections  along  the  Penine  escarpment  is  that  at 
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High-Cnp  Nick,  about  4  miles  east  of  Appleby.  Here  the  Whin  Sill 
(75  feet  thick),  and  the  beds  aboTe  and  below  it,  are  beautifully 
exposed.  The  roof  and  floor  of  the  basaltic  sheet  consist  of  shale, 
both  equally  baked  and  altered  for  sereral  feet  from  the  line  of  con- 
tact with  the  Whin. 

As  regards  this  escarpment,  the  continuous  interbedding  of  the 
Whin  has  been  simply  assumed;  the  evidence,  when  carefully 
examined,  tells  the  other  way.  Mr.  J.  6.  Goodchild,  E.G.S.,  of  the 
Geological  Survey,  has  proved  that  the  trap  is  certainly  intrusive 
here.  In  a  letter  to  us  (dated  Jan.  27,  1876)  he  says  that  at 
Benwick  the  Whin  "  ia  found  at  from  250  to  300  feet  below  the 
Four-fathom  Limestone.  In  another  part  it  comes  immediately 
below  the  Scar  limestone ;  and  as  one  follows  the  outcrop  [south- 
wards] towards  Brough,  it  is  found  at  successively  lower  horizons, 
until  near  Roman  Fell  it  lies  on  the  top  of  the  Melmerby-Scar  Lime- 
stone. In  other  words,  between  Benwick  and  Brough  [19  miles] 
the  Whin  Sill  cuts  through  about  600  feet  of  the  Carboniferous 
Limestone  Series." 

Mr.  C.  T.  Clough,  of  the  Geological  Survey,  has  recently  shown 
that  even  at  the  typical  section  of  High  Force  itself  the  Whin  can 
be  shown  to  be  intrusive ;  and  he  adds : — "  I  have  very  little  doubt 
that  the  more  the  country  is  worked  over,  the  more  and  more  evident 
will  the  intrusive  character  of  the  Whin  Sill  become*. 

It  may  be  well  to  mention  that  the  term  Whin  is  rather  loosely 
used  in  the  north  of  England.  Basalt  is  so  termed ;  but.  the  word  is 
also  applied  to  the  Porphyrite  of  the  Cheviots  and  to  any  unusually 
hard  quartzose  sandstone.  The  hard  sandstone  is  sometimea.  spoken 
of  as  "white"  or  "grey"  whin,  whilst  the  Basalt  is  called  "blue 
whin."  The  hard  cherty  sandstone  which  occurs  in  the  Lower  Green- 
sand  of  West  Sussex  is  called  Whinstone ;  and  the  term  "  whin  "  is 
Implied  to  hard  sandstone  in  the  South- Wales  Coal-field.  In 
Leicestershire  it  is  applied  to  the  remarkable  bed  of  trap  which 
occurs  at  the  south-eastern  part  of  the  Coal-field,  and  also  to  hard 
sandstone  or  chert. 

In  the  lead-mining  districts  of  the  north  of  England  the  various 
beds  are  called  "  Sills."  As  the  miners  have  always  regarded  the 
basalt  as  a  true  bed,  it  has  been  called  the  "  Whin  Sill."  It  is  also 
sometimes  called  the  "  Great  Whin  Sill,"  to  distinguish  it  from  the 
"Little  Whin  Sill"  of  Weardale.  We  believe  both  of  them  to  be 
branches  of  the  same  intrusive  sheet. 

2.  The  Carboniferous-Limestone  Series  of  Northumberland. — In 
order  that  the  following  details  may  be  understood,  it  is  desirable  to 
give  some  account  of  the  succession  of  beds  below  the  Millstone  Grit 
in  Northumberland.  It  is  customary  to  retain  for  the  north  of 
England  the  old-established  divisions  of  CJoal  Measures,  Millstone 
Grit  and  Carboniferous  Limestone.  These  names  were  first  given  in 
the  south-west  of  England,  where  well-defined  divisions  correspond- 
ing to  them  exist.    But  if  the  Carboniferous  Series  had  been  first 

♦  Quart.  JouTD.  Geol.  Soc.  vol.  xxxii.  p.  471,  1876. 


Digitized  by  VjOOQIC 


408  W.  TOPLKT  AKD  O.  A.  LVBOtOt  OK  THE  INTRrSITB 

Btudied  in  Scotland  or  Northumberland,  it  is  Tery  doubtful  whether 
such  divisions  would  ever  have  been  made  in  those  areas ;  thidc  beds 
of  sandstone  (often  coarse  and  pebbly),  and  bands  of  shale,  extend 
right  throngh  the  series.  In  the  higher  part  (the  Coal  Measures) 
there  are  good  seams  of  coal ;  in  the  lower  part  (the  Limestone 
tSeries)  there  are  bands  of  limestone  and  seams  of  coal ;  in  the 
middle  part  (the  Millstone  Grit)  there  is  no  limestone,  and  rarely  any 
coal. 

The  term  ^^  Yoredale  Rocks  ^  was  introduced  by  Professor  Phillips 
to  designate  a  series  of  beds  lying  between  the  "  Main  "  or  *'  Great 
Limestone,'*  and  the  "  Tjne-Bottom  Limestone,**  succeeded  below 
by  the  ^^Scar-Limestone  Series."  The  typical  section  is  that  in 
Upper  Wenslejdale.  The  Millstone  Grit  of  this  author  included 
all  beds  between  the  Great  Limestone  and  the  Coal  Measures,  whether 
they  contained  limestones  with  marine  fossils  or  not.  They  do  in- 
clude such  limestones  even  in  North  Yorkshire  ;  in  Northumberland 
there  are  from  three  to  six  well-marked  limestones  within  this 
distance. 

The  Whin  Sill  of  Teesdale,  Alston,  &c.  lies  just  below  the  Tjme- 
Bottom  Limestone,  or  is  always  supposed  to  do  so.  If  this  band  of 
trap  occupied  a  constant  horizon,  it  might  serve  as  a  convenient 
boundary,  though  it  would  not  necessarily  be  a  natural  one.  It  has 
generally  been  assumed  that  such  is  the  case ;  and  the  base  of  the 
Yoredales  has  been  drawn  accordingly  in  geological  maps. 

One  important  result  of  recognising  the  intrusive  character  and 
varying  position  of  the  Whin  SiU  is  this,  that  it  is  no  longer  to  be 
relied  upon  as  a  boundary*.  Not  only  does  it  shift  about,  in  places 
lower,  more  often  higher  than  the  supposed  base-line,  but  it  some- 
times lies  above  the  Great  Limestone  itself ;  that  is  to  say,  the  bed 
of  trap  which  is  supposed  to  mark  the  base  of  the  Yoredale  Series 
sometimes  lies  above  the  limestone  which  forms  the  top  of  that 
series.  It  is  very  doubtful  whether  the  so-called  "  Tj-ne- Bottom 
Limestone  '*  of  the  miners  is  always  the  same  bed ;  and  certainly 
this  limestone  cannot  be  traced  northwards  through  Northumber- 
land. As  in  this  country  there  is  no  definite  base  for  the  Yoredales, 
so  there  is  no  reason,  supplied  by  the  characters  of  the  rocks,  for 
drawing  a  line  here  at  all.  Professor  Phillips  himself  saw  this  diffi- 
culty ;  for  he  says : — "In  this  progressive  change  of  character  to  the 
northward,  we  lose  by  degrees  the  distinction  of  lower  scar  lime- 
stone ;  and  it  becomes  not  only  difficult  to  draw  the  line  for  its 
upper  boundary,  but  doubtful  whether  it  is  proper  to  make  such  an 
attempt.     In  the  northern  parts   of  Northumberland  it  appears 

•*  For  a  further  discussion  of  this  question  see  G.  A.  Lebour  "  On  the  LimiU 
of  the  Yorodale  Series  in  the  North  of  England,**  Geol.  Mag.  Dec.  2,  toI.  ii. 
p.  r)39,  1875.  In  this  paper  the  term  **Bemioian  Series  "  is  proposed  for  the 
beds  lying  between  the  Millstone  Qrit  and  the  Tuedian  Beds  or  Calciferous 
Sandstones  (tlie  "  Valentian  Series"  of  Prof.  A.  Qeikie,  MS.).  Subsequently  to 
the  publication  of  this  paper  it  was  found  that  the  term  '*  Bemician  '*  had  been 
proposed  as  a  division  of  the  Carboniferous  Limestone  by  Dr.  S.  P.  Woodward 
in  1856 ;  it  was  adopted  bv  Dr.  Karl  Mayer  in  1874.  (See  G.  A.  Lebour,  Geol. 
Mag.,  Dec.  2,  vol.  iii  p.  19.) 
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neither  desirable  nor  possible  to  separate  the  lower  from  the  similar 
middle  and  upper  calcareo-carboniferous  groups ''  *. 

In  the  maps  of  the  Geological  Survey,  as  yet  published,  all  the 
beds  in  Northumberland  and  Durham,  below  the  Millstone  Grit,  are 
grouped  as  the  ^^  Carboniferous-Limestone  Series."  This  includes  the 
Yoredales  of  Phillips  and  also  his  Scar-limestone  Series.  The  lower 
beds  (the  Tuedian  of  Tate,  or  Galciferous  Sandstone  of  Madaren  and 
the  Geological  Survey  of  Scotland)  are  not  yet  surveyed,  and  it  is  as 
yet  uncertain  where  (in  Northumberland)  ihe  line  must  be  drawn. 
The  Whin  Sill  is  wholly  comprised  within  the  Carboniferous-Lime- 
stone (Bemician)  Series  of  Northumberland  and  Durham  ;  it  never 
approaches  beds  which  any  one  could  suppose  to  be  Tuedian. 

3.  Bibliography. — The  Basaltic  rocks  of  the  north  of  England 
are  frequency  mentioned  by  the  older  geological  writers  on  the  dis- 
trict ;  but  the  question  as  to  whether  the  Whin  Sill  is  intrusive  or 
contemporaneous  does  not  seem  then  to  have  arisen.  The  Whin 
is  described  as  "  interstratified  **  and  as  occurring  in  "  overlying 
masses,"  the  latter  term  apparently  referring  to  areas  where  tbe 
Whin  has  been  exposed  by  denudation,  although  the  exact  sense  in 
which  it  was  used  cannot  always  be  determined. 

The  earliest  paper  claiming  special  notice  here  is  one  by  Mr.  (now 
Sir  Walter)  Trevelyan,  published  in  1823 1.  A  careful  account  is 
there  given  of  the  geology  of  part  of  the  northern  coasts  of  Northum- 
berland ;  a  map  and  section  accompany  the  paper,  showing  how 
unevenly  and  irregularly  the  Basalt  lies  amongst  the  strata  in  that 
district.  The  limestone  lying  upon  the  Whinstone  is  described  as 
being  very  crystalline  towards  and  at  the  point  of  contact. 

Professor  Sedgwick  printed  in  the  Cambridge  Transactions  t  two 
valuable  papers  upon  the  Trap  rocks  of  Durham.  He  showed  from 
a  consideration  of  the  Teesdale  district,  in  which  the  position  of  the 
Whin  Sill  is  most  constant,  that  there  is  abundant  evidence  of  in- 
trusion, the  beds  below  being  frequently  broken  and  partially 
enclosed  within  the  Whin,  whilst  the  beds  above  are  sometimes 
metamorphosed,  this  metamorphism  of  the  upper  beds  being  most 
apparent  when  the  Whin  is  thickest. 

Mr.  W.  Hutton  is  the  only  writer  who  has  described  in  any 
detail  the  general  range  of  the  Whin  Sill  of  Northimiberland  §.  He 
r^arded  it  as  strictly  contemporaneous ;  and  where  two  or  more 
distinct  beds  of  Whin  are  known  in  one  district,  he  supposed  that 
there  had  been  successive  eruptions  over  the  ocean-floor.  A  paper, 
probably  the  same,  was  read  before  this  Society  by  Hutton,  but  was 
published  only  in  abstract  ||.     In  this  abstract  the  author  is  repre- 

*  Geol.  of  Yorkshire,  Mountain-Limestone  District,  p.  35,  1836. 

t  Mem.  Wemerian  Soc.  vol.  iv.  part  ii.  p.  253.  In  the  following  vol.  (p.  476, 
1826)  Mr.  Witham  describes  the  Dasaltic  rocks  of  the  north  of  jSngland,  but 
without  throwing  any  further  light  on  this  question. 

t  Vol.  u.  pp.  21  and  139,  1827. 

§  Trans.  Nat.-Hist  Soc.  Northumberland  &c.  vol.  ii.  p.  187,  1832.  (Read 
Dec  19,  1831.) 

i  Proc.  Geol.  Soc.  vol  i.  p.  341,  1832.  (Read  Dec.  14.  1831,  ami  Jan.  4. 
1832.) 
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sented  as  accepting  Sedgwick's  condnsions  as  to  the  introsiYe 
character  of  the  Whin  Sill  in  Teesdale ;  but  this  must  be  an 
error*. 

Professor  Phillips,  giving  most  weight  to  the  conformable  nataie 
of  the  beds  in  Teesdale  and  along  the  Penine  escarpment,  considered 
the  Whin  Sill  to  be  of  oontemporaneons  date  ;  and  he  accounted  for 
the  altered  nature  of  the  overlying  beds  by  supposing  that  the  heat 
from  such  thick  masses  of  lava  had  not  time  to  escape  before  tixeae 
beds  were  deposited.  He  admits  some  eruptive  force,  but  apparently 
only  so  far  as  to  allow  of  the  Whin  reaching  the  sea-bottom,  over 
which  he  supposes  it  to  have  flowed  t. 

The  late  Mr.  6.  Tate  published  several  papers  on  the  Geology  of 
Northumberland,  particularly  on  the  noriiem  part  of  the  county. 
Frequent  mention  is  made  of  the  Whin  Sill,  and  illustrations  of  its 
intrusive  character  are  given.  These  papers^  were  published  in  the 
Transactions  of  local  societies,  or  in  books  relating  to  Northumber- 
land. Had  they  been  published  in  works  generally  accessible  to 
geologists,  the  question  in  dispute  would  probably  have  been  settled 
years  ago. 

Of  other  geologbts  who,  from  personal  knowledge,  admit  the  in- 
trusive nature  of  the  Whin  Sill  we  may  name  Mr.  Howse,  Mr.  Kirkby, 
and  the  whole  of  the  officers  of  the  Geological  Survey  to  whom  the 
district  is  known  §. 

Amongst  those  who,  in  published  papers,  regard  it  as  interbedded 
and  contemporaneous  are  Professor  H.  A.  Nicholson,  Mr.  Bewick, 
Mr.  J.  A.  Knipe,  and  Mr.  N.  Wood  ||. 

The  intrusive  nature  of  the  Whin  Sill  is  shown  on  the  Maps  and 
Sections  of  the  Geological  Survey  If.     In  the  year  1873  we  laid 

*  The  paper  read  at  Newcastle  is  published  in  full,  and  it  reoeiTed  additions 
and  oorreotionB  by  the  author  before  publication.  This,  therefore,  certainly 
represents  Button's  Tiewa  correctly ;  and  here  he  dissents  entirely  from  Sedg- 
wick's  conclusions. 

t  Geology  of  Yorkshire,  part  ii.  p.  85,  1836.  At  the  Bradford  meeting  of  the 
British  Association,  when  some  of  the  facts  hereafter  mentioned  were  laid 
before  the  Geological  Section,  Professor  Phillips  admitted  that  we  had  proxed 
the  intrufdve  nature  of  the  Whin  Sill  for  the  districts  described. 

I  The  most  important  paper  is  that  *'  On  the  Basaltic  Bocks  of  Northumber^ 
land,"  Proc.  Berw.  Nat  Club,  vol.  vi. p.  197.  See  also  papers  in  vol.  iii.  pp.99, 
233 ;  Tate's  History  of  Alnwick,  voL  u.  p.  461,  1869 ;  and  other  works. 

§  Mr.  W.  Boyd  (Trans.  N.  Engl.  Inst  Eng,  vol.  ix.  p.  185,  1861)  dewribed 
the  Whin  Sill  of  the  northern  part  of  Northumberland  as  contemporaneous. 
He  now  believet  it  to  be  intrusive;  Mr.  Hedlev  is  also  of  this  opinion. 

I  In  the  paper,  as  laid  before  the  Society,  full  reference  to  all  publications  on 
the  subject  weregiven.  In  the  discussion  which  followed  the  reading  of  this 
paper,  Mr.  W.  W.  Smyth  stated  that  Mr.  Blackwell  regarded  the  Whin  Sill  as 
intrusive.  We  have  been  unable  to  find  any  published  opinion  by  him  on  the 
subject. 

1  Sheet  106  N.W.  was  published  in  1871 ;  this  map  (by  the  authors  of  this 
paper)  includes  the  Whinstone  area  near  Kirkwhelpinffton.  Several  sheets  of 
the  six-inch  map  of  Northumberland,  including  parts  of  the  Whin  Sill,  are  pub> 
lished.  Sheet  106  of  the  Horizontal  Sections,  by  Mr.  H.  H.  Howell,  was  pub> 
lished  in  1875 ;  in  this  the  Whin  Sill  of  Great  Swinburne  is  marked  as  an  intru* 
sive  sheet 
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before  the  British  Association  a  brief  outhne  of  the  facts  now  to  be 
detailed*. 

Whilst  geologists  generally  are  divided  in  opinion  as  to  the  na- 
ture of  the  Whin  Sill,  those  who  are  also  practical  miners  are  almost 
unanimotis  in  regarding  it  as  contemporaneous.  Doubtless  this 
arises  from  the  fact  that  in  the  districts  which  have  been  most  ex- 
plored by  mining  the  Whin  happens  to  lie  with  greatest  regularity. 
But  frequently  this  constancy  is  assumed  without  proof ;  and  it  is 
often  thought  to  be  proved  by  reasoning  in  a  circle.  The  so-called 
'^little  Whin  Sill"  of  Weardale  is  a  case  in  point.  This  was 
always  considered  to  be  the  ^^  Great  Whin  Sill ; "  and  therefore  the 
limestone  lying  on  it  was  called  the  ^^  Tyne-Bottom  Limestone."  A 
miner  would  have  said  : — '^  This  is  the  Tyne-Bottom  Limestone ;  and 
therefore  the  Whin  is  in  the  usual  place."  Sir  Walter  Trevelyan, 
however,  long  ago  proved  this  to  be  mistake,  and  that  the  Whin 
of  Weardale  lies  much  higher  in  the  series  than  the  Whin  of  Alston 
and  Teesdalet. 

4.  Stra^grtpphical  Relations  of  the  Whin  SiU. — ^We  have  thought 
it  better  to  select  some  of  the  more  striking  sections  which  illustrate 
our  views  as  to  the  intrusive  character  of  the  Whin  Sill,  than  to 
describe  one  by  one  all  the  sections  on  which  they  are  based.  It 
must  therefore  be  clearly  understood  that  the  evidence  here  offered 
represents  by  no  means  all  that  it  is  in  our  power  to  bring  forward, 
but  consists  of  what  appears  to  us  to  be  of  sufficient  weight  to  prove 
our  case. 

The  portion  of  the  Whin  Sill  to  which  the  accompanying  sections 
(PL  XVUI.)  refer  is  that  which  lies  between  Haltwhistle  and 
BunstaJiborough,  within  which  limits  it  forms  an  intermittent  line 
of  outcrops  some  80  miles  in  length. 

In  order  to  give  a  key  to  the  relative  positions  of  the  horizons 
with  which  we  have  to  deal,  a  diagram,  to  scale,  is  annexed.  To 
this  is  added  part  of  Westgarth  Eorster's  well-known  '^  Section  of 
the  Strata"  in  the  Alston-Moor  district.  This  section  (from  the 
Tyne-Bottom  Limestone  upwards),  it  will  be  seen,  does  not  hold  per- 
fectly good  throughout  the  district  under  our  notice,  chiefly  owing 
to  a  considerable  increase  in  thickness  in  the  series  in  Mid  North- 
umberland. 

On  entering  the  county  the  Whin  is  for  a  space  lying  above  the 
"  (Jreat "  Limestone,  some  700  or  800  feet  above  its  Alston  horizon, 
but  returns  to  its  usual  Penine  position  before  long,  near  to  which, 
with  fluctuations  above  and  below  within  about  300  feet,  it  keeps 
running  at  flrst  in  an  easterly  direction,  and  taking,  on  nearing  the 
North  Tyne,  the  north-easterly  bend  to  which  all  the  beds  of  the 
district  are  subject.  At  Low  Teppermoor  it  is  seen  at  about  its 
lowest  horizon ;  and  here  a  short  surface  break  is  very  well  shown. 
Thence  it  continues  to  the  N.E.  pretty  much  along  the  same  horizon 
till  it  reaches  Swinburne  Mill,  where  another  surface  break  occurs 
accompanied  by  a  rise  of  a  few  feet  to  the  next  higher  bed  of  lime- 

♦  Brit.  Amoo.  Bep.  for  1873,  Trans.  Sec.  p.  92. 

t  Trann.  Nat.-Hist.  Soc,  Northumberland  Ac.  toI.  i.  p.  68,  1831. 
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stone.  From  this  point  the  Whin  Sill  trends  almost  due  north  in 
a  fine  line  of  semi-columnar  crags  as  far  as  Knowes  Gate,  where  it 
crosses  the  Wansbeck-Valley  Railway.  This  portion  of  its  course 
IB  twice  interrupted  by  surface  breaks  unattended  by  change  of 
horizon,  at  Sweethope  and  at  the  Berry  Hills.  At  Knowes  G^te 
this  long  basaltic  range  terminates  abruptly,  reappearing  at  intervals 
through  a  drift-covered  country.  Parallel  to  this  great  ridge,  how- 
ever, and  not  quite  a  mile  to  the  east  of  it  (three  beds  of  limestone, 
with  their  associated  sandstones  and  shales  intervening),  is  another 
equaUy  thick  (and  in  places  even  thicker)  but  much  lees  regular 
Whin  Sill,  which  we  will  call  the  Eastern  Branch,  and  which  runs 
from  Homilton,  near  Bavington,  to  Elf  Hills,  to  the  N.E.  of  Kirk- 
whelpington  (see  fig.  1).  ^is  eastern  basaltic  sheet  is  much  more 
subject  to  breaks  than  the  western  one,  and  towards  its  northern 
extremity  comes  to  the  surface  usually  not  as  a  continuous  bed,  but 
in  bosses  or  isolated  masses  of  greater  or  less  size. 

At  Elf-Hills  Quarry,  where  the  Four-fathom,  or  Saccammina-lAme- 
stone*.  was  until  lately  wrought,  the  Whin  overlies  and  breaks 
through  the  limestone.  But  a  more  interesting  case  of  intrusion 
was  observed  by  Sir  W.  Trevelyan  a  few  years  back,  which  is  illus- 
trated by  fig.  2,  from  a  sketch  by  us,  taken  at  the  time :  a  thin 
layer  of  fine-grained  Whin  underlies  the  limestone  and  sends  up 
strings  of  trap  through  the  overlying  beds. 

To  the  north  of  Elf  Hills  there  is  a  broad  fiat  tract  of  drift-oovered 
land,  beyond  which  the  Whin  is  again  seen  (at  Hartington  and 
Gallow  Hill)  l3dng  in  the  same  position  as  the  main  bed  at  Elf 
Hills,  between  the  Great  and  Four-fathom  Limestones.  Again 
there  is  a  broad  drift-covered  valley,  beyond  which  the  Whin  is 
seen  at  Dike  Head.  It  here  seems  to  come  up  as  a  great  boss,  and 
lies  lower  in  the  series  than  at  Elf  Hills.  A  borehole  put  down 
on  the  south  of  Greenleighton  Farm  found  the  Whin  just  below  the 
Six-yard  Limestone  (= Three-yard  Limestone  of  Teeedale). 

Li  Fallowlees  Bum  the  Whin  lies  about  100  feet  below  the  posi- 
tion last  mentioned.  From  this  place  it  can  be  traced  for  about  a 
mile  to  the  north,  apparently  keeping  at  the  same  horizon. 

At  Wards  Hill  (fig.  3)  the  Whin  lies  above  ihe  Great  Limestone. 
A  little  below  the  Great  Limestone  there  is  a  seam  of  coal  which  has 
been  a  good  deal  worked  over  the  north-eastern  part  of  the  hill. 
At  one  pit  the  coal  was  followed  for  some  distance  under  the  Whin, 
where  it  was  found  to  be  gradually  deteriorating  and  at  last  was 
quite  caked  and  worthless.  The  Whin  has  tiben  evidently  cut 
through  the  limestone  and  has  here  reached  the  coal.  This  is  also 
evident  from  the  surface-mapping ;  for  on  the  south-east  face  of  the 
bill  the  limestone  occurs  above  the  Whin,  and  on  the  south-west 
the  Whin  certainly  cuts  through  the  beds,  passing  through  the 
Great  Limestone  and  the  beds  below,  and  at  last  underlying  the 
coal,  which  lies  about  40  or  50  feet  below  the  Great  Limestone. 

The  Whin  is  not  seen  again  until  we  reach  the  hill  N.  of  Shield- 

*  Through  Northumberland,  a»   far  north   ns  the  river  Ahi,   Saccamina 
Carferi,  Brady,  appears  to  occur  chiefly  in  the  Four-fathom  Limestone. 
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Dykes  Farm,  about  4i|  miles  south  of  Alnwick.  Hence  it  can 
be  traoed  northwards,  past  Eagley,  nearly  to  Alnwick,  lying  about 
100  feet,  or  rather  more,  above  the  Hobberlaw  Limestone,  which  is 
the  lowest  good  and  thick  limestone  of  the  series  in  that  district. 
Here,  too,  the  Whin  has  its  lowest  known  position,  as  it  lies  nearly 
1000  feet  below  the  Great  Limestone.  The  beds  immediately  above 
the  Whin  are  seen  in  a  stream  south-east  of  St.  Margaret^s  Farm, 
where  they  are  much  altered. 

Here  we  approach  the  country  so  well  known  to  the  late  Mr.  G. 
Tate.  The  evidences  of  intrusion  here  are  so  abundant,  and  the 
Whin  has  been  so  well  described  by  Mr.  Tate,  that  we  need  not 
repeat  the  evidence  in  detail  From  Ratcheugh  northwards  to 
Dunstanborough  the  Whin  lies  in  beds  and  bosses  at  various  horizons, 
but  chiefly  about  the  Great,  Eight-yard,  and  Six-yard  Limestones. 

At  first  one  is  disposed  to  believe  that  the  Whin  here  lies  more 
irregularly  than  really  is  the  case.  But  there  are  a  great  number 
of  faults  separating  the  beds.  Still  there  can  be  no  question  as  to 
the  fact  that  the  Whin  breaks  through  the  beds,  and  also  that  it 
alters  the  rocks  above  it  quite  as  much  as  it  alters  those  below. 

The  northern  part  of  the  county  has  been  described  by  Sir  W.  C. 
Trevelyan  in  the  early  paper  already  referred  to.  In  Mr.  Boyd  s 
paper  many  stratigraphical  details  are  given,  from  which  it  appears 
that  the  Whin  west  of  Holy  Island  Ues  some  800  feet  above  the 
Great  Limestone,  quite  in  the  top  beds  of  the  Carboniferous-Lime- 
stone series.  In  this  district  the  Woodend  Limestone  (or  the  Hob- 
berlaw Limestone)  lies  about  1000  feet  below  the  Great  Limestone. 

Now,  on  the  south  of  Alnwick,  near  Rugley,  the  Whin  lies  about 
100  feet  above  the  Hobberlaw  Limestone ;  so  that  comparing  the 
two  districts,  we  find  that  the  Whin  lies  about  1700  feet  higher  in 
the  series  near  Holy  Island  than  it  does  just  south  of  Alnwick. 

At  very  numerous  places  along  the  outcrop  of  the  Whin  Sill 
minor  but  equally  good  evidence  of  its  non-contemporaneity  is  forth- 
coming.    Among  these  the  section  at  Shepherd's  Gap  (fig.  4)  along 


Fig.  4. — Diagram  Section  from  SJiephercTs  Oap  eattwards. 


a.  Sandstone. 


b.  Whin. 


c.  Limestone. 


d.  Shale. 


The  Limestone  seen  lying  upon  the  Whin  in  the  eastern  portion  of  the  Sec- 
tion is  the  same  as  the  one  shown  l3rinff  beneath  it  in  the  western  portion,  and 
being  thrust  into  it.  The  beds  lying  above  the  Whin  Sill  are  seen  on  the  di]^ 
slope  of  the  basaltic  sheet  at  a  lower  level  than  the  top  of  the  escarpment ;  it 
has  therefore  been  necessary  to  bring  them  out  of  their  proper  plane  in  order 
to  show  them  in  the  sketch.  Although  the  upturned  limestone  is  very  clearly 
shown  in  the  face  of  the  Crag,  yet  the  disturbed  beds  associated  with  it  are  not 
easily  seen.    This  rearing  limestone  is  all  that  Button  shows. 
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the  escarpment  of  basalt,  on  the  summit  of  which  is  built  the  Great 
Roman  Wall,  deserves  special  mention,  first,  as  being  an  almost 
naique  example  of  its  kind,  and,  secondly,  because,  oddly  enough,  it 
has  been  (very  inaccurately,  it  is  true)  figured  by  Hutton  in  the 
▼ery  paper  in  which  he  proved  fco  his  satisfaction  the  contempo- 
raneity of  the  Whin. 

A  bed  of  limestone  with  an  accompanying  shale,  which  has  for 
some  distance  from  the  west  run  regularly  below  the  basalt  and 
parallel  to  it,  is  here  suddenly  forced  upwards  almost  vertically  into 
the  Whin,  by  which  it  is  baked  and  altered  in  a  very  evident 
manner.  Now  where  this  limestone  underlies  the  Whin  SiU  the 
latter  is  capped  by  sandstone ;  but  immediately  after  the  disturbance 
just  described  the  limestone  and  shale  are  seen  overlying  the  Whin 
in  place  of  the  sandstone,  the  outcrop  of  which,  however,  is  in 
nowise  disturbed  by  the  occurrence,  and  can  easily  be  traced  run- 
ning still  parallel  to  but  further  above  the  trap-sheet. 

This  is  merely  a  case  of  the  Whin  Sill  being  seen  actually  in  the 
act  {flagrante  delicto)  of  shifting  its  horizon ;  but  it  has  this 
farther  interest,  that  it  proves  that  at  this  point  the  molten  mass 
was  forcing  itself  from  east  to  west,  the  change  having  necessarily 
been  from  a  lower  to  a  higher  horizon.  This  may  have  been  but  a 
local  direction  due  to  the  mass  having  to  circumvent  obstacles  in 
its  progress,  or  to  some  other  cause ;  but  there  are  some  reasons 
(e,  g.  the  bifurcation  to  the  N.E.,  the  generally  greater  thickness 
in  that  direction,  &c.)  which  would  lead  us  to  imagine  that  this  is 
but  a  part  of  a  general  truth  with  regard  to  the  position  of  the 
original  focus  of  the  Great- Whin  eruption. 

Although,  as  a  rule,  it  may  be  said  that  the  upper  surface  of  the 
Whin  is  tolerably  smooth,  yet  there  are  many  instances  of  isolated 
masses,  both  great  and  smtdl,  having  been  thrust  up  from  the  main 
sheet  to  a  greater  or  less  distance  through  the  overlying  beds.  The 
eastern  branch,  important  as  it  is,  must,  we  think,  be  looked  upon 
as  an  extreme  case  of  this  kind ;  and  between  it  and  small  bosses  a 
few  yards  only  in  diameter,  appearing  as  little  islands  through  thin 
layers  of  limestone  capping  the  Whin,  of  which  there  are  very  nu- 
merous examples  on  the  dip-slope  of  Gunnerton  Crags  (fig.  5),  at  Great 

Fig.  5. — Section  at  Gunnerton  CragSy  showing  the  upper  surface  of 
the  main  or  western  branch  of  the  Whin  Sill  protruding  thro/ugh 
the  overlying  Limestone, 


G.AL. 
B.  Whin  Sill.  L.  Limestone. 
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Bayington,  at  West  Hills,  and  elsewhere,  there  is  every  gradation 
of  sixe  and  form.  It  may  be  noted  that  although  these  ^'  extra  ' 
oatborsts,  so  to  speak,  are  found  occasionally  in  connexion  with  the 
main  or  western  branch  of  the  Whii^,  yet  they  are  markedly  more 
frequent  to  the  dip  of  the  eastern  branch.  In  other  words,  thae 
tokens  of  ill-restrained  energy  are  commonest  where  ike  Reding  force 
acted  most  vertically.  And  they  are  moreover  more  common  in  the 
eastern  than  in  the  western  portion  of  the  Whin  Sill's  range,  or 
where  there  was  least  pressure  of  overlying  rock. 

That  notwithstanding  its  great  thicbiess  at  its  outcrop  the  Great 
Whin  Sill  should  not  have  reached  the  denudation-line  along  its 
entire  course,  is  perhaps  somewhat  surprising.  But  although  in  a 
few  doubtful  cases,  which  may  be  the  result  of  faulting,  the  dear 
unbroken  continuity  of  the  beds  above  and  below  across  the  lines 
of  the  Whinless  gaps  can  leave  no  doubt  in  the  minds  of  field- 
observers  that  these  breaks  are  distinct  facts,  that  they  are  but 
surface  breaks  no  one,  we  suppose,  will  dispute. 

In  its  course  through  South-west  and  Mid  Northumberland  the 
Whin  Sill  runs  more  or  less  in  the  same  direction  as  the  larger 
faults.  It  is  perhaps  owing  to  this  fact  that  the  Whin  is  here 
seldom  seen  to  be  faulted.  At  the  Stone-Croft  lead-mine,  near 
Haydon  Bridge,  tbe  veins  fault  the  Whin  considerably.  It  is  also 
faulted  atiElf  Hills,  on  the  north  of  Hartington,  at  Wards  Hill,  and 
in  many  places  to  the  north  of  Alnwick.  We  do  not  know  of  any 
perfectly  clear  case,  although  we  have  met  with  some  doubtful  ones, 
of  the  Whin  being  unaffected  by  a  fault  which  throws  the  beds  on 
both  sides  of  it. 

It  may  frequently  be  noticed  that  rocks  adjacent  to  the  Whin 
Sill  are  altered  by  it  unequally.  Sandstone  is  but  little  altered, 
shale  very  much  so ;  limestone  is  sometimes  but  little  changed, 
while  at  other  times  it  is  rendered  crystalline.  Recent  experiments, 
in  which  one  of  us  has  taken  part,  have  proved  that  shale  is  a  very 
bad  conductor  of  heat ;  limestone  and  sandstone  are  far  better  con- 
ductors*. We  can  therefore  weU  understand  how  it  is  that  shale 
should  plainly  show  the  e£Pects  of  the  Whin,  when  limestone  and 
sandstone  show  but  little  alteration.  It  has  been  denied,  by  some 
who  disbelieve  in  the  intrusion  of  the  Whin  Sill,  that  alteration  of 
the  overl3ring  beds  has  occurred.  But  of  this  there  is  abundant 
proof  in  the  district  which  we  have  described  t.  The  complete  list 
of  places  where  this  may  be  observed  is  too  long  for  insertion  here ; 
but  we  may  mention  the  following  as  localities  where  the  facts  are 
particularly  well  shown  : — ^Milking  Gap,  Sewing  Shields,  and  Tep- 
permoor  on  the  line  of  the  Boman  Wall ;  West  Hills  and  Three 

*  Prof.  A  S.  Herachel  and  G.  A  Lebour,  **  On  the  Thermal  OonduotiTitiet 
of  certain  Bocks,"  Bep.  Bnt.  Abboo.  for  1873  (Appendix),  p.  223;  for  187i 
p.  128;  for  1876,  p.  64. 

t.  Prof.  Sedgwick,  fifty  years  back,  gare  most  oonolusiTe  evidence  of  this  in 
Teesdale ;  and  the  sections  described  t^  him  may  still  be  examined ;  but  sub- 
sequent writers  hare  mostly  ignored,  or  endeaTOored  to  expUin  away,  bis  ob- 
serrations.  (See  especially  pp.  162,  177,  178,  and  182  of  his  second  paper 
already  referred  to.) 
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Fanns  near  Bavington ;  West  Whelpington,  Elf  Hills,  Shield  Dykes, 
St.  Mai^garets,  Batoheugh^  and  abundantly  in  the  districts  further 
north. 

Fragments  of  altered  rock  are  frequently  found  in  the  Whin. 
We  cannot  say  whether  these  fragments  belong  to  beds  lying  aboye 
or  below;  and  therefore  the  fact  of  included  sedimentary  strata 
proves  nothing.  But  the  condition  of  the  fragments  is  important 
evidence :  they  are  pieces  of  shale  or  sandstone,  not  irregular  amor- 
phous masses  such  as  would  have  occurred  if  the  Whin  had  been 
poured  over  the  ocean-floor  and  had  caught  up  patches  of  newly 
deposited  sediment  in  its  progress.  The  shale  immediately  over  the 
Whin,  although  greatly  altered,  is  sometimes  highly  fossiliferous. 
This  could  not  have  been  the  case  had  the  clayey  sediment  been 
laid  down  over  freshly  ejected  lava. 

The  altered  shale  is  frequently  known  as  "  Whetstone,"  a  term 
also  in  use  in  Scotland  for  similar  beds.  When  the  shale  can  be 
used  as  slate-pencil  it  is  known  as  *'  Cam ;"  Camboe,  near  £lf  Hills, 
is  by  some  supposed  to  derive  its  name  from  this  circumstance. 

Altered  sandstone  often  greatly  resembles  altered  or  partly  de- 
composed WTiin.  The  surfaces  of  the  Whin  are  frequency  altered 
by  the  rocks  it  traverses  quite  as  much  as  the  rocks  are  altered  by 
the  Whin.  This  mutual  metamorphism,  or  alteration,  is  even 
better  shown  by  the  Whin  Dykes  ♦  than  by  the  Whin  Sill. 

The  Whin  SUl  frequently  rises  up  in  bosses  of  bare  rock  from  a 
drift-covered  country.  Where  there  is  no  drift,  or  only  a  thin  and 
partial  covering,  it  generally  forms  the  main  feature  of  the  imme- 
diate district  in  which  it  occurs.  Its  escarpment  is  not  so  lofty 
as  that  of  the  thick  sandstones,  which  chiefly  lie  on  lower  horizons ; 
but  it  is  usually  more  bold  and  precipitous  in  proportion  to  its 
height.  The  Whin  Sill  can  frequently  be  distinguished  at  a  dis- 
tance by  the  character  of  the  vegetation.  Mr.  Tate  states  that  the 
following  plants  occur  in  Northumberland  only  on  the  basalt — 
Mcenchia  erecta,  Sagina  subulata,  Vicia  lathyroides,  Asperugo  pro^ 
cumbmsj  Statiu  linumium^  ConvaUaria  polygonatum,  Allium  schceno* 
prasum,  SciUa  vema^  Sedum  anglicum,  Asplenium  septenirionale, 
and  A,  germanicum.  Helianihemum  vulgare^  although  also  occur- 
ring on  the  limestone,  is  very  characteristic  of  the  Whin  Sillt. 

5.  Mineral  Charaeterrof  the  Whin  Sill, — Into  this  subject  we  need 
not  enter,  inasmuch  as  Mr.  AUport  has  quite  recently  done  so  at 
length  before  this  Society.  Of  the  specimens  described  by  him  J  two 
were  from  our  district.  That  from  Ward's  Hill  is  a  good  typical 
example  of  the  Whin  Sill  generally.  That  from  Elf  Hills  was  from 
one  of  the  small  strings  of  trap  shown  in  fig.  2  (p.  413).  It  is  by  no 
means  a  fair  example  of  the  trap,  being  excessively  fine  in  grain, 
almost  resembling  a  hardened  clay ;  it  is  moreover  much  decomposed. 

*  It  may  be  well  to  mention  that  faults  in  the  N.  of  England  are  calleci 
"  dyket "  or  "  troubles."  Basaltic  dykes  are  specially  distinguished  as  "  Whin 
dykes**  or  "  Whin  troubles.** 

t  New  Flora  of  Northumberland  and  Durham,  p.  35,  1868. 

\  Quart.  Joum.  Qeol.  Soc.  voL  m.  p.  552, 1874. 

aJ.G.S.  No.130.  2  b 
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As  a  rule,  we  find  that  the  thicker  the  Whin  the  coarser  the  graic 
of  the  rock.  This  is  perhaps  due  to  the  slower  cooling  of  the  thidt 
masses  allowing  crystallization  to  develop  more  perfectly. 

The  Whin  Sill  is  not  often  vesicular,  and  stiU  more  rarely  amyg- 
daloidal.  When  it  is,  it  is  not  more  so  near  the  upper  surface  than 
elsewhere ;  nor  is  it  more  so  than  some  of  the  Whin  Dykes  which 
traverse  the  country.  No  volcanic  ash  occurs  in  the  district ;  nor  is 
there  any  spot  which  can  he  pointed  out  as  certainly  a  vent  or  ne^ 
up  which  the  trap  came. 

6.  Age  and  Origin. — The  foregoing  statements  have  proved  that 
the  Whin  Sill  is  newer  than  the  beds  of  the  Carboniferous -Lime- 
stone Series  in  which  it  lies.  But  the  question  of  the  exact  age  of 
the  intrusive  sheets  yet  remains  to  be  determined.  So  far  as  North- 
umberland is  concerned,  the  question  must  remain  an  open  one. 

The  Whin  Sill  is  older  than  most  of  the  faults  of  the  district  in 
which  it  occurs,  because  these  throw  trap  and  sedimentary  beds 
alike.  As  already  mentioned,  we  have  no  clear  case  of  the  Whin 
being  unaffected  by  (or  later  than)  any  of  the  faults.  The  Whin  is 
also  clearly  older  than  the  mineral  lodes  of  the  district  But  what 
the  age  of  faults  and  lodes  may  be  we  do  not  know.  Some  of  the 
faults  are  probably  pre- Permian  ;  at  least  the  Magnesian  Limestone 
appears  to  be  unaffected  by  certain  faiilts  which  are  proved  in  Coal- 
workings  beneath*.  Others,  and  these  generally  the  large  east-and- 
west  faults,  are  clearly  post-Permian.  But  we  cannot  generalize  as 
to  the  age  of  the  faults  in  this  district  merely  by  their  direction  ;  and 
even  if  we  could,  the  known  instances  of  faults  in  the  Whin  Sill  are 
not  sufficiently  numerous  to  allow  us  to  apply  the  test  with  safety. 

In  Scotland,  Warwickshire,  and  Staffordshire  there  are  intrusive 
sheets  of  trap  in  the  Coal  Measures,  but  none  in  the  adjacent 
Permians.  Negative  evidence  in  these  cases  strongly  8u^:e8ts  that 
the  trap  is  pre-Permian;  and  the  conclusion  thus  suggested  is 
generally  adopted.  Without  wishing  to  call  this  oondusion  in 
question,  we  should  like  to  make  a  few  remarks  upon  this  kind  of 
evidence. 

If  the  Permians  can  be  shown  to  have  been  deposited  upon  the 
denuded  edges  of  the  trap,  the  proof  is  complete.  But  it  is  only 
very  rarely  that  such  proof  can  be  given.  Generally,  the  evidence 
is  of  this  nature  :~  Carboniferous  rocks,  in  which  intrusive  sheets 
of  trap  now  occur,  have  been  disturbed  and  denuded,  and  their  edges 
covered  up  by  unconformable  Permians.  This,  however,  is  not 
sufficient  proof ;  or  rather  it  is  no  proof  at  all ;  for  the  trap  may 
have  been  intruded  into  the  Carboniferous  rocks  long  after  tiie  de- 
position of  the  Permians.  There  is  evidently  a  tendency  for  these 
sheets  of  trap  to  keep  along  the  lines  of  bedding;  otherwise  there  would 
never  be  any  doubt  as  to  their  character.  If  the  intruding  tra^ 
began  to  force  its  way  laterally  first  through  the  Carboniferous  rocks, 
}t  would  probably,  if  possible,  stay  there.     A  difficulty  here  oocutb 

*  See  Sheet  105  aE.  of  the  Oecdonoal-Sorvey  Map,  and  the  6-itteh  Map  of 
the  Durham  Coal-field;  aurreyed  l^  Mr.  HowelL 
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if  the  rocks  have  been  maoh  disturbed  and  faulted  before  the  deposi- 
tion of  the  Pennians.  In  this  oase  the  tendency  to  keep  along  the 
lines  of  bedding,  would  doubtless  be  greatly  lessened. 

The  question  turns  upon  the  amount  of  negative  evidence.  KWe 
find  intruded  sheets  of  trap  in  Carboniferous  rocks  in  the  neighbour- 
hood of  unconformable  Permians,  and  never  find  the  trap  entering 
the  latter,  there  is  presumptive  evidence  in  favour  of  the  view  that 
the  trap  is  pre-Permian.  But  this  is  only  negative  evidence  at  best, 
and,  however  much  there  may  be  of  it,  it  can  never  amount  to  proof; 
nor  can  it  be  allowed  any  weight  as  against  a  single  fact  on  the 
other  side. 

But  in  Staffordshire  and  Ayrshire  we  are  not  dependent  only  on 
such  negative  evidence;  there  many  faults  which  throw  Coal 
Measures  and  trap  alike,  do  not  throw  the  Permians.  In  these  cases 
the  evidence  is  positive,  and  of  great  force.  It  gives  the  age  of  the 
trap  with  sufficient  deamess:  the  trap  is  newer  than  the  Coal 
Measures  in  which  it  lies ;  it  is  older  than  the  faults  which  throw  it ; 
and  these  faults  are  older  than  the  Permians  of  those  areas. 

The  Whin  Sill  of  the  Penine  escarpment  approaches  to  within 
a  mile  or  two  of  the  Permians  of  the  Vale  of  Eden ;  and  here  an  in- 
teresting question  arises.  The  Carboniferous  rocks  are  well  developed 
on  the  west  of  the  Penine  fault ;  but  Mr.  Goodohild  informs  us  that 
in  no  case,  so  far  as  is  yet  known,  do  they  contain  any  beds  of  trap, 
alUioogh  tiie  beds  in  which  Whin  Sill  might  be  expected  to  occur 
are  there  seen.  Two  explanations  of  this  are  possible.  It  may  be 
because  the  beds  to  the  west  of  the  escarpment  were  faulted  down 
to  the  west  before  the  intrusion  of  the  Whin  Sill,  and  the  west- 
erly continuation  of  the  Sill,  in  beds  newer  than  the  Carboniferous, 
has  been  removed  by  denudation  :  in  this  case  the  Whin  Sill  would 
be  post- Permian. 

Another  explanation  is  this  : — ^The  Wbin  may  have  been  injected 
before  the  faulting  of  the  beds,  but,  because  of  its  thinning  to  the 
west,  it  did  not  reach  so  far  as  the  Carboniferous  beds  which  lie  on 
the  west  of  the  Vale  of  Eden. 

The  latter  is  the  more  probable  explanation ;  or  at  least  it  is  the 
one  which  may  most  safely  be  suggested.  The  westerly  thinning  of 
the  Whin  Sill,  from  Teesdale  to  the  Penine  escarpment,  is  a  fact 
which  is  well  proved.  The  thinning  of  the  Sill  to  the  west  is  seen 
in  the  small  transverse  valley  at  High-Cup  Nick.  The  same  occurs 
with  the  "  Little  Whin  Sill,"  of  Weardale.  This  is  20  feet  or  more 
thick  on  the  east,  but  it  wedges  out  entirely  about  3  miles  to  the 
west. 

As  there  are  no  '^  necks  ^  on  the  west  of  the  line  of  outcrop  of 
the  WTiin  which  can  have  served  to  give  vent  to  the  trap,  we  must 
conclude  that  it  came  up  in  some  area  to  the  east  of  its  present 
outcrop.  The  westerly  thinning  of  the  Whin  in  certain  districts  also 
points  to  the  same  conclusion. 

We  have,  then,  no  good  evidence  in  our  district  as  to  the  age  of 
the  Whin  Sill ;  but  by  comi  arison  with  other  districts  it  appears 
safer  to  regard  it  for  the  present  as  probably  of  late  Carboniferous, 
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or  possibly  of  early  Permian  age  *.  Prof.  Sedgwick  believed  thai 
the  Whin  Sill  had  been  injected  before  the  deposition  of  the  Mag- 
nesian  Limestone.  Mr.  Tate,  chiefly  from  his  interpretation  of  the 
evidence  of  faults  and  lodes,  regarded  it  as  ^^  subsequent  to  the  Car- 
boniferous, and  prior  to  the  Triassic  era." 

In  this  view  of  the  case,  it  is  important  to  consider  the  amount  of 
consolidation  which  the  beds  had  undergone,  and  the  thickness  of 
beds  deposited  previous  to  the  intrusion  of  the  Whin.  The  Carboni- 
ferous rocks  of  other  districts  seem  often  to  have  been  generally  more 
altered  and  disturbed  by  the  intruding  trap  than  do  those  of  our 
area ;  they  seem  to  have  been  less  fully  consolidated,  and  to  have 
presented  less  resistance  to  the  eruption  of  the  trap. 

So  far  as  we  can  judge,  the  rocks  of  our  area  had  been  fairly  well 
consolidated  (the  clayey  sediment  had  been  compressed  into  shale, 
and  the  carbonaceous  matter  had  been  fully  changed  into  coal)  before 
the  injection  of  the  trap.  There  must  have  been  a  very  great  thick- 
ness of  rock  overlying  the  Limestone  Series  at  that  time  ;  else  we 
should  find,  far  more  often  than  we  do,  that  the  Whin  has  broken 
completely  through  the  beds. 

The  Coal  Measures  of  the  Newcastle  Coal-field  have  a  thickness  of 
about  1800  or  2000  feet,  the  highest  English  Coal-measures  not  being 
now  represented  in  this  district  t.  The  Whin  Sill,  where  at  its 
highest  position  in  Mid  Northumberland,  lies  below  the  base  of  the 
Coal  Measures,  from  2000  to  3000  feet,  according  to  the  develop- 
ment of  the  intervening  beds.  Therefore,  if  the  intrusion  took 
place  during  the  higher  Coal-measure  period,  there  would  have 
been  a  total  thickness  of  from  3500  to  5000  feet  of  rock  overlying 
the  Whin. 

It  may  be  a  question  whether  the  time  which  elapsed  between 
the  deposition  of  the  beds  now  found  with  the  Whin,  and  the 
pressure  of  some  5000  feet  of  superincumbent  rock,  would  have 
been  sufficient  to  alter  the  lower  beds  from  original  sediment  into 
sandstone,  shale,  limestone,  and  coal.  If  this  be  admitted,  there  is 
still  the  question  whether  the  pressure  would  have  been  sufficient  to 
keep  the  intruding  sheet  of  lava  between  the  lines  of  bedding. 

It  is  a  fact  of  some  moment,  that  when  the  Whin  lies  high  in  the 
series  it  seems  most  prone  to  break  through  the  rocks ;  but  there 
are  many  exceptions  to  this. 

If  the  intrusion  took  place  when  the  whole  country  was  deeply 
covered  by  Secondary  rocks,  it  is  not  likely  that  the  pressure  of  from 
1000  to  1500  feet  of  strata,  more  or  less,  would  make  any  per- 
ceptible difference.  But  if  the  intrusion  took  place  during  the 
higher  Coal- measure  period,  when  the  thickness  of  overlying  rock 

*  We  do  not  here  enter  into  the  question  of  the  relations  of  the  Permian  and 
Carboniferous.  In  Northumberland  and  Durham  the  higher  Coal  Measum 
are  not  present,  and  the  Ma^esian  Limestone,  with  the  underlying  Yellov 
Sand  and  Marl  Slate,  clearly  lie  unconformablj  upon  such  Coal  ifeasures  as 
there  ooour.     Stratigraphically  the  break  is  there  complete. 

t  The  highest  Ccud  Measures  of  Northumberland  are  those  just  on  the  north 
or  downthrow  side  of  the  famous  "90-fathom  dyke,^  near  GK»forth  and 
Killingworth.    The  dyke,  or  fault*  has  here  a  throw  of  200  fathoms. 
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varied  from  3500  to  6000  feet,  the  difference  would  probably  be  very 
important. 

The  relation  which  the  Whin  Dykes  of  the  district  bear  to  the 
Whin  Sill  is  an  interesting  question ;  but  it  is  one  upon  which  little 
can  be  said.  There  is  no  certain  case  in  Northumberland  of  a 
Whin  dyke  intersecting  the  Whin  Sill ;  but  to  the  south  of  Alnwick, 
near  Shield  Dykes,  there  is  an  instance  which  strongly  suggests  this. 

The  Whin  Dykes  are  generally  dykes  and  nothing  more.  In  only 
a  few  cases  have  they  been  proved  to  send  out  lateral  branches 
amongst  the  strata.  A  brief  enumeration  of  some  localities  in  which 
this  has  been  observed  is  given  by  Mr.  I.  L.  Bell  in  a  paper  on  the 
chemical  alteration  of  Whin  at  and  near  its  contact  with  sedimen- 
tary rocks*. 

The  Whin  Dyke  which  runs  from  near  the  coast,  past  Radcliffe 
Colliery,  Acklington  and  Cartington,  into  the  Porphyrite  of  the  Che- 
viots, seems  to  overflow  at  Clennel,  just  before  entering  the  Cheviot 
country.  There  are  some  curious  beds  of  Whin  in  a  shaft  at  Shil- 
bottle  Colliery,  south-east  of  Alnwick ;  Mr.  Tate  supposed  them  to 
be  overflows  from  a  Whin  dyke  which  occurs  close  by  ;  but  whether 
this  is  so,  or  whether  they  belong  to  the  Whin  SiU,  cannot  at  present 
be  proved. 

7.  Conclusion, — ^The  foregoing  paper  has  touched  upon  several 
collateral  subjects  ;  but  the  main  point  has  been  to  establish  the  in- 
trusive character  of  the  Whin  SiU.  That  this  has  been  injected 
between  the  strata,  after  their  deposition  and  consolidation,  is,  we 
think,  now  suflSciently  evident. 

The  exact  geological  date  at  which  the  intrusion  took  place  can- 
not be  determined.  Northumberland  offers  no  conclusive  evidence 
upon  the  subject ;  but  so  far  as  the  evidence  in  this  and  other  dis- 
tncts  goes,  it  seems  probable  that  the  intrusion  took  place  at  the 
dose  of  the  Carboniferous  period. 

Of  the  relations  of  the  Whin  Dykes  of  Northumberland  to  the 
Whin  Sill  we  have  no  certain  knowledge.  The  dykes  may  be  of 
different  ages ;  and  some  of  them  probably  belong  to  the  same  period 
as  the  majority  of  the  long  trap  dykes  of  the  south  of  Scotland, 
which  Prof.  A.  Geikie  has  shown  to  be  of  Tertiary  age. 

EXPLANATION  OF  PLATE  XVin. 

Sections  of  the  Carboniferoua-Limestone  series  of  Northumberland,  showing  the 
positions  of  the  Whin  Sill. 

DiscrssiON. 
Mr.  Wakikotow  W.  Smyth  said  that  he  had  gone  over  the  dis- 
trict referred  to  in  the  paper  with  Mr.  Blackwell,  the  geologist  who 
first  determined  the  intrusive  character  of  the  green-and- white  rock 

»  Proc  Boy.  Soc.,  vol.  xxiii.  p.  643,  1876.  8ee  also  a  notice  by  Mr  A.  L 
SteTenson,  Trans.  N.  of  Engl.  Inst.  Eng.  vol.  xxiii.  p.  160,  1874.  Mr.  Bell 
refers  to  the  Whin  Sill  as  a  '*  bedded  trap ;"  but  probably  he  does  not  attach  to 
that  term  the  idea  of  contemporaneity. 
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in  the  noigbbourhood  of  Dudley.  Mr.  Blackwell  was  also,  he  be- 
lieved, among  the  first  to  suggest  the  intrusive  nature  of  the  Whin 
Sill  of  Northumberland.  It  appeared  to  be  a  great  intruded  tongue, 
not  quite  horizontal,  but  approximately  so ;  and  it  was  interesting 
to  see  the  evidence  brought  forward  by  the  authors  proving  its  oc- 
currence at  various  horizons. 

Prof.  HuGHBs  thought  that  the  intrusive  character  of  the  Whin 
Sill  was  proved  in  the  sections  seen  in  Kicup  Gill  and  elsewhere 
along  the  same  escarpment,  as  the  rocks  were  altered  above  and 
below  it,  and  were  seen  to  be  traversed  obliquely  by  it  in  such  a 
manner  as  could  not  be  explained  simply  by  the  thinning  oat  of  the 
sedimentary  deposits. 

He  thought  that  the  Brockram  and  other  New-Bed  deposits  of 
the  Eden  valley  were  the  shore  deposits  of  the  sea  further  out,  in 
which  sooner  or  later  the  Magnesian  Limestone  of  the  district  west 
of  the  Pennine  range  was  formed  ;  that,  whatever  may  have  hap- 
pened in  earlier  times,  there  was  certainly  a  great  faulting  after  the 
deposition  of  the  Lower  New  Red,  so  that  the  cliff,  with  the  Whin 
Sill  exposed  in  it,  did  not  exist  there  when  the  conglomerates 
known  as  Brockram  were  formed ;  that  the  beds  into  which  the 
Whin  is  intruded  do  not  occur  on  the  S.W.  of  the  Brockratn,  though 
it  may  be  that  beds  of  the  same  age,  but  very  different  in  character, 
may  occur  further  north  beyond  the  main  mass  of  Brockram ; 
that  the  Brockram  now  exposed  was  derived  chiefly  from  Mountain 
Limestone  further  west,  so  that  the  absence  of  Whin  in  it  goes  for 
nothing;  that  there  is  no  evidence  to  show  whether  or  not  the 
Whin  has  an  outcrop  under  the  New  Bed  or  runs  into  it ;  and  on 
the  whole,  except  we  identify  it  with  the  dykes  which  run  across 
the  Jurassic  rocks  to  the  east,  there  is  nothing  proved  in  that  dis- 
trict respecting  its  age  except  that  it  must  be  later  than  the  Lower 
Carboniferous. 

Mr.  Le.bour  said  that  Prof.  Hughes  was  right  with  regard  to  the 
absence  of  the  Whin  Sill  in  the  southern  extension  of  the  western 
Yoredale  rocks.  The  alteration  produced  by  the  Whin  Sill  differed 
according  to  the  kind  of  rock  affected  by  it ;  and  the  difference  was 
probably  due  to  the  different  conductivity  for  heat  of  the  varions 
rocks. 
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20.  On  the  Chbkical  and  Minebalooical  Changes  which  have  taken 
place  in  gbbtain  Ebuptite  Bocks  of  North  Waxes.    By  J. 
Abthtjb  Phillips,  Esq.,  F.G.S.,  &c.    (Read  February  7, 1877). 
[Plate  XEL] 

At  PenmaenmawT,  in  the  county  of  Caernarvon,  six  miles  south- 
west of  Conway,  a  crystalline  felspathic  rock  has  been  erupted 
through  Silurian  strata,  and  rises  to  a  height  of  1553  feet  above  the 
sea-level,  forming  a  boss-like  elevation  two  miles  in  length  and  one 
in  width. 

This  stone,  which  is  of  a  greenish-grey  colour,  is  moderately 
fine-grained,  and  to  the  unassisted  eye,  appears  to  consist  of  felspar 
associated  with  minute  crystals  of  some  dark  homblendio  or  pyro- 
xenic  mineral.  The  general  mass  is  divided  into  beds  by  a  series 
of  predominating  joints  dipping  north  at  an  angle  of  about  45^;  and 
these  are  again  divided  by  a  system  of  double  jointings  which  are 
sometimes  so  developed  as  to  the  cause  the  rock  to  become  distinctly 
columnar. 

On  the  northern  flank  of  the  mountain,  where  four  large  quarries 
have  been  opened  upon  it,  this  stone  is  extensively  worked  both  for 
general  btulding-purposes  and  for  road-making.  Of  these  quarries 
the  two  more  easterly  ones  belong  to  Messrs.  Kneeshaw,  Lupton, 
and  Co.,  while  those  situated  further  towards  the  west  are  worked 
by  Messrs.  Brundrit  and  Co.  The  crystalline  rock  at  the  eastern 
extremity  of  the  outcrop,  near  its  point  of  contact  with  the  slates, 
sometimes  encloses  small  schistose  fragments,  but  is  fine-grained 
and  frequently  assumes  a  columnar  structure. 

Here  the  stone  is  often  so  close  in  texture  as  to  almost  resemble 
chert,  and  to  break  with  a  conchoidal  fracture ;  but  particles  of  kao- 
linized  felspar  show  that  it  has,  oven  here,  been  subjected  to  a 
certain  amount  of  alteration. 

The  rock  in  the  next  two  more  westerly  quarries  is  not  only 
coarser  in  structure,  but  its  jointings  are  irregular,  and  the  felspar 
is  less  fr^h  than  in  the  quarry  first  described ;  it  is  nevertheless 
still  a  somewhat  fine-grained  rock,  sincQ  the  largest  crystals  do  not 
exceed  ^  of  an  inch  in  length. 

At  the  top  of  the  most  easterly  of  these  quarries  is  a  thin  foliated 
deposit,  a  specimen  of  which  afforded  on  analysis  a  somewhat  re- 
markable amount  of  oxide  of  manganese. 

The  stone  in  the  most  westerly  quarry,  which  belongs  to  Messrs. 
Brundrit  and  Co.,  and  is  situated  nearly  opposite  Beaumaris,  is 
generally  fresher  in  appearance  than  that  from  the  two  quarries 
last  referred  to,  besides  which  it  is  closer  in  grain  and  greener  in 
colour. 

A  comparatively  superficial  examination  of  the  different  varieties 
of  stone  obtained  from  the  various  quarries  at  Penmaenmawr  is 
suflftcient  to  indicate  that  they  are  probably  mere  modifications  of 

aJ.G.S.  No.  131.  2p 
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the  same  rook  partially  due  to  progressiye  alteration.  In  order, 
however,  to  trace  the  nature  and  progress  of  the  successive  changes 
which  have  occurred,  a  series  of  sections  from  typical  specimens  of 
each  variety  has  heen  cut  and  examined ;  and  in  each  case  a  portion 
of  the  rock  examined  has  heen  suhjected  to  chemical  analysis. 

Beginning  with  the  fine-grained  and  least-altered  rock  from  the 
most  westerly  quany,  and  arranging  the  specimens  in  accordance 
with  the  apparent  extent  of  their  respective  changes,  the  following 
are  the  results  of  their  several  analyses. 

Table  showing  Composition  ofvarionsly  altered  Bocks  from 
the  Fenmaenmawr  Quarries, 

1.  n.         m.         IV. 

xrr  ♦^     fhygrometjic...  '12  '40  -OS  tnoes. 

^**®^  1  combined -96  1-82  2^  4-46 

SiHca    5845  60-31  62*24  61-75 

Phosphoric  anhydride  trace  trace  trace  trace 

Alumina  1708  18-99  18-25  18-88 

Fbrric  oxide -76  1-07  1-05  -52 

persulphide -39  "09 

Ferrous  oxide 4-61  431  308  352 

Maoganous  oxide trace  trace  trace  trace 

Lime 7*60  5-81  4-69  354 

MagnesU 515  -83  227  190 

Potaesa 102  1-67  1-49  124 

Soda 4-25  455  379  3-67 

99-99  99-76  99-94  99-67 

Spedflo  gravity 2*94  279  275  279 

I.  From  the  most  westerly  Quarry, — This  rock,  which  is  fine- 
grained, is  distinctly  green  in  colour,  and  breaks  with  a  conchoidal 
fracture.  Thin  sections,  when  examined  in  ordinary  light,  appear 
to  be  composed  of  a  transparent  base,  in  which  are  enclosed  greenish 
yellow  but  alinost  colourless  crystals  of  hornblende,  together  with 
indistinct  crystals  of  felspar,  a.  little  magnetite  or  ilmenite,  and  a 
few  rare  needles  of  apatite ;  each  section  also  usually  contains  an 
occasional  grain  of  crystalline  quartz.  When  viewed  in  polarized 
light,  the  transparent  hase  bre^  up  into  a  brilliant  mosaic  (d 
crystals  of  tridmic  felspar,  of  which  the  majority  are  about  j^  of 
an  inch  in  length:  many  of  these  exhibit  the  characteristic  striation 
of  plagioclase;  but  in  the  more  slender  crystals  a  single  longitudinal 
division  is  alone  visible  *,  Sections  of  this  rock,  seen  with  crossed 
prisms,  afford  typical  examples  of  microcrystalline  structure. 

II.  From  the  most  easterly  Quarry, — This  rock,  although  mode- 
rately fine-grained,  is  decidedly  coarser  than  the  foregoing,  and  is 
less  green  in  colour.  When  examined  under  the  microscope,  sections 
are  seen  to  consist  of  a  crystalline  aggregation  of  felspar,  homhlende, 
and  quartz,  through  which  are  disseminated  partially  altered  crystals 
of  ilmenite,  togeOier  with,  sometimes,  a  little  iron  pyrites.     The 

*  In  one  of  the  sections  examined  a  group  of  felspathic  crystals  ^  of  an  inch 
in  length,  which  do  not  exhibit  the  structure  of  plagiodase,  is  encloied  in  the 
finely  crystalline  base. 
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felspar  is,  in  places,  so  changed  as  to  form  an  almost  amorphous 
base,  which  is  rendered  to  a  great  extent  opaque  by  a  pulverulent 
secondary  product  of  a  greyish  colour ;  this  may  be  kaolin,  or  some 
hydrous  magnesian  minen^. 

Although  this  alteration  of  the  felspar  frequently  interferes  with 
its  action  upon  polarized  light,  the  striation  of  plagiodase  is  some- 
times  distinctly  apparent.  The  quartz  contains  minute  cavities, 
some  of  which  appear  to  be  full  of  a  liquid,  while  others  are  empty;  a 
few  enclose  bubbles  in  a  state  of  constant  motion.  The  hornblende, 
which  is  usually  of  a  light  greenish-brown  colour,  is  moderately 
abundant,  but  is  seldom  very  distinctly  dichroic  ♦.  Occasional 
needles  of  apatite  are  present ;  and  felspar  is  sometimes  observed  to 
protrude  into  crystalline  quartz;  while  patches  of  the  felspathic  base 
are  often  enclosed  in  that  mineral. 

m.  From  the  same  Quarry  as  No.  IL— The  texture  of  this  rock 
is  of  about  the  same  degree  of  fineness  as  that  of  No.  I. ;  but  it  is 
lighter  in  colour,  and  has  evidently  undergone  more  extensive  altera- 
tion. Under  the  microscope  it  is  seen  to  consist  of  a  transparent 
base,  containing  grains  of  quartz,  and  enclosing  numerous  indistinct 
dusky  forms,  indicating  that  crystals  of  felspar  of  nearly  the  size  of 
those  occurring  in  No.  I.  have  become  almost  completely  kaolinized. 
In  this  mixture  are  imbedded  homblendic  crystals  and  a  little  mag- 
netite or  ilmenite. 

TV.  Fi^om  Messrs.  Brundrit  and  Go's,  eastern  Quarry. — This  rock 
closely  resembles  No.  11.,  but  is  coarser  in  grain,  and  the  felspar  is 
more  extensively  altered.  Sections  cut  from  specimens  obtained 
from  this  locality  appear  to  contain  sometimes  a  few  minute  patches 
of  an  altered  augitic  mineral. 

The  microscopical  examination  of  thin  sections  of  variously  altered 
specimens  of  this  rock  indicates  that  its  metamorphism  has  been 
attended  by  a  progressive  kaolinization  of  felspar,  while  the  more 
altered  varieties  contain  a  somewhat  smaller  amount  of  the  hom- 
blendic mineral ;  on  the  other  hand  patches  of  crystalline  quartz 
become  gradually  more  abundant. 

Chemical  analyses  of  the  same  specimens  show  that  these  changes 
have  been  accompanied  by  the  removal  of  lime  and  magnesia  and 
the  formation  of  hydrated  silicates,  while  the  proportion  of  silica 
in  the  altered  rock  is  not  necessarily  increased.  At  first  sight  the 
latter  statement  would  not  appear  to  be  absolutely  correct;  if, 
however,  we  calculate  what  should  be  the  proportion  of  silica  in 
rock  No.  I.,  if  so  changed  as  to  contain  the  amounts  of  lime,  mag- 
nesia, and  water  found  respectively  in  Nos.  II.,  III.,  and  IV.,  the 
amount  of  silica  would  in  the  first  case  be  61|  per  cent.,  and  in  the 
two  others  61  per  cent. 

It  therefore  becomes  evident,  supposing  all  the  specimens  to  have 
had  originally  a  similar  chemical  composition  to  that  of  the  prac- 
tically unaltered  rock  No.  I.,  that  No.  II.  must  have  lost  3  per 

*  The  form  of  these  crjBtals  is  seldom  sufficiently  perfect  for  complete  iden- 
tification ;  but  some  of  them  are  strongly  dichroic,  and  their  structure  is  that 
of  hornblende ;  others,  which  are  jery  pale  in  colour,  are  not  distinctly  dichroic, 

2f2 
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cent,  of  silica,  while  Nos.  III.,  and  lY.  have  received  respectiTely 
an  increase  of  1*35  and  *77  per  cent,  of  that  body. 

The  proportion  of  silica  contained  in  all  the  different  portions  of 
the  same  crystalline  rock-mass,  howeyer,  is  never  rigorously  con- 
stant ;  and  consequently,  taking  into  consideration  the  more  or  less 
altered  state  of  the  various  specimens  operated  on,  they  may  be 
regarded  as  not  having  materially  changed  in  this  respect. 

After  a  careful  examination  of  the  unaltered  ro<i  No.  I.,  free 
quartz  could  be  distinguished  in  very  small  quantity  only,  whereas 
in  Nos.  11.,  III.,  and  IV.  quartz  granules  are  conspicuously  abun- 
dant ;  it  therefore  appears  not  improbable  that  the  presence  of  this 
mineral  may  be  to  some  extent  due  to  the  crystallization  of  pro- 
gressively dissociated  silica,  although  the  greater  proportion  of  it 
may  have  perhaps  formed  one  of  the  crystalline  constituents  of  the 
original  rock. 

It  is  worthy  of  notice  that  specimens,  in  the  composition  of  which 
quartz  occupies  a  conspicuous  proportion,  do  not  contain  a  larger 
amount  of  silica  than  those  in  which  its  presence  can  be  barely 
distinguished  by  the  aid  of  the  microscope.  It  is  likewise  to  be 
observed  that  a  few  only  of  the  quartz  granules  contain  liquid- 
cavities,  and  that  under  a  power  magnifying  675  linear  the  latter 
are  occasionally  seen  to  endose  bubbles  in  a  state  of  active  motion. 

On  referring  to  the  analyses  it  will  be  observed  that  the  propor- 
tion of  alkalies  in  the  different  specimens  does  not  materially 
differ ;  this  substantially  agrees  with  the  observations  of  Ebelmen, 
who  found  that  the  removal  of  potash  and  soda  from  decomposed 
pyroxenic  rocks  was  much  less  complete  than  that  of  lime  and 
magnesia*. 

This  rock,  which  in  chemical  composition  is  intermediate  between 
the  basic  and  acidic  groups,  corresponds,  when  almost  free  from 
quartz,  very  closely  with  the  trachydolerites  of  Abich,  who  includes 
under  this  name  not  only  augitic  varieties,  but  also  those  containing 
hornblende  alone.  In  its  ordinary  condition  it  is  a  quartziferous 
diorite. 

The  foliated  deposit  previously  referred  to  as  containing  oxide  of 
manganese,  occurs  as  a  stratified  layer  at  the  top  of  the  more 
westerly  quarry  belonging  to  Messrs.  Blneeshaw,  Lupton,  and  Co. 
This  band,  which  is  moderately  coherent,  is  of  a  light  reddish  brown 
colour,  but  is  considerably  less  hard  than  the  crystalline  rock  upon 
which  it  rests.  Under  the  microscope  thin  sections  are  seen  to 
coi^ist  of  an  amorphous  base  stained  in  places  by  ferric  oxide,  and 
enclosing  patches  of  crystalline  chlorite,  tx)gether  with  frtigmentary 
crystals  of  hornblende,  of  which  the  outlines  gradually  merge  into 
the  base  ;  it  also  contains  a  little  pyrites  and  a  few  minute  sphe- 
roidal bodies  of  a  brown  colour. 

A  specimen  taken  from  this  band,  analyzed  in  duplicate,  afforded 
the  following  results  (sp.  gr.  2*80) : — 

*  Ebeknen '  Beoueil  dee  TraTnuz/  ii.  1-79,  quoted  by  T.  S.  Hunt,  *  Chemical 
and  Geological  Besays,'  p.  101. 
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I.  n. 

^*^'  1  combined    6*21  630 

Saica  34-49  3434 

Phoephoric  anhydride trace  trace 

Alumina 21-78  21-66 

Ferric  oxide  19-48  19-31 

penulphide  -69  -69 

Ferroufloxiae trace  trace 

Manganoofl  oxide 10*26  10*36 

lime  316  3*12 

Blagneeia    176  1-60 

Potassa  trace  trace 

Soda   119  1-24 

99-74  99-33 

The  presence  of  a  notable  amonnt  of  manganese  in  a  somewhat 
similar  deposit,  has  been  observed  by  Yon  Lasanlx,  who  found  4*58 
per  cent,  of  manganic  oxide  in  a  volcanic  ash-bed  in  Anvergne  *, 
In  the  Penmaenmawr  rock  the  oxygen  present  is  just  sufficient  to 
form  ferric  and  manganous  oxides ;  in  such  cases  it  is  impossible  to 
determine  the  state  of  oxidation  in  which  the  two  metals  respec- 
tively occur. 

The  composition  of  this  deposit  differs  very  considerably  from 
that  of  the  neighbouring  crystalline  rock,  as,  in  addition  to  a  con- 
siderable amount  of  oxide  of  manganese,  there  is  a  large  diminution 
in  the  percentage  of  silica. 

Senarmont  and  Daubr^  have  shown  that  water  at  high  tempera- 
tures and  under  great  pressure  is  capable  of  attacking  silicates 
and  of  removing  from  them  a  portion  of  their  silica ;  it  therefore 
appears  not  improbable  that  this  deposit  may  be  the  result  of  a 
flow  of  volcanic  mud  from  which  a  portion  of  its  sUica  has  been 
thus  removed  f.  Whether  oxide  of  manganese  was  an  original 
constituent  or  has  been  subsequently  introduced  by  infiltration, 
would  be  difficult  to  determine. 

An  instructive  example  of  the  changes  which  sometimes  take 
place  in  crystalline  rocks,  and  in  which  their  quarry-water  is  pro- 
bably an  important  agent,  is  aflforded  by  the  "  uralite  porphyry,"  or 
uralitic  dolerite  of  the  Mawddach  valley  near  Dolgelly. 

An  outcrop  of  this  rock  is  seen  near  the  summit  of  a  hill  imme- 
diately north  of  the  road  a  mile  below  Tyn-y-groes ;  it  is  of 
a  greyish  green  colour,  plentifully  spotted  with  black,  and  consLsts 
of  a  granular  base  enclosing  numerous  patches  and  crystals  of 
uralite,  many  of  the  latter  being  above  half  an  inch  in  length.  The 
outlines  of  these  crystals  are  occasionally  sharp  and  well  defined, 
while  in  other  cases  they  are  rounded  and  gradually  merge  into  the 
general  base.  In  addition  to  crystals  of  uralite  this  rock  encloses 
some  whitish  patches  of  a  fdsitic  material,  which  occasionally  exhibit 

*  'Bodiee  Volcaniquee  de  TAuvergne/  p.  71  (Olermont  Ferrand:  1876). 
Translated  by  F.  Gonnard. 

t  The  baaic  slaty  homblendio  rocks  of  the  neighbourhood  of  Penxance 
(Qourt  Joum.  Geol.  Soc.  vol  xxxii.  p.  165)  may  haTe  had  a  similar  origin. 
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indicationfl  of  being  altered  crystals.  An  analysis,  in  dn|dicate, 
of  a  freshly  broken  specimen  from  this  locality,  afforded  the  fol- 
lowing results  (sp.  gr.  3"00) : —  | 

I.  IL  ' 

xKT  *       f  hygpometric   -34  '37 

W*"'  \oombmed    2-88  274 

Silioa  46-73  4651 

Carbonic  anhydride  trace  traoe 

Phosphoric  anhydride  trace  traoe 

Alumina 19*28  1933 

Ferric  oxide  2-86  2-72 

Ferrous  oxide    757  7*73 

Manganous  oxide  trace  traoe 

Lime  10*76  10-81 

Magnesia    698  715 

Potasea  38  30 

Soda    1-96  2-08 

99-74  99-74 

When  thin  sections  are  examined  by  transmitted  light,  they  are 
seen  to  oonsiBt  of  a  colourless  base  containing  a  little  granular 
quartz  and  altered  magnetite  or  titaniferous  iron,  through  which 
is  thickly  disseminated  a  crystalline  greenish  mineral,  together  with 
a  greyish  dust-like  substance  frequently  observed  in  altered  crystal- 
line rocks.  In  this  mixture  are  enclosed  numerous  crystals  of 
uralite  of  various  sizes,  as  well  as  a  few  less  distinct  forms,  some 
of  which  are  pseudomorphs  after  plagioclase  still  occasionally  re- 
taining traces  of  characteristic  striation. 

The  outlines  of  the  larger  crystab  of  uralite  are  not  usually  wdl 
defined,  but  have  often  been  attacked  by  a  species  of  metamorphism, 
through  the  action  of  which  they  have  become  externally  conyerted 
into  a  greyish  pulverulent  substance,  similar  to  that  contained  in 
the  base,  by  which  their  angles  become  gradually  rounded  and 
finally  disappear.  By  reflected  light,  this  dust-like  product  is 
greyish  white  in  colour,  and  the  more  transparent  portions  of  the 
base  appear  milky. 

The  appearance  presented  by  crystals  of  uralite  which  have  been 
more  or  less  deeply  attacked,  will  be  understood  on  reference  to 
Plate  XIX.  figs.  1,  2,  and  3,  which  are  after  photographs,  and  are 
magnified  17  diameters.  Fig.  1  represents  a  twin  unditic  crystal 
which  has  undergone  this  change  not  only  around  its  edges,  but 
also,  to  a  less  extent,  along  a  line  of  crack  which  is  diagoned  to  the 
plane  of  twinning.  In  fig.  2  this  alteration  of  the  cryst^  has  pene- 
trated to  a  greater  depth  than  in  the  former  case,  while  fig.  3  is  the 
mere  image  of  a  replaced  crystal. 

The  illustrations  given  will  probably  be  sufficient  to  render  intel- 
ligible what  has  been  said  on  this  subject ;  but  there  would  be  no 
difficulty  in  preparing,  from  the  ten  sections  which  have  been  made 
of  this  rock,  a  series  beginning  with  a  crystal  scarcely  attacked  on 
its  edges,  and  passing  by  imperceptible  gradations  to  a  mere  dusky 
shadow  of  a  crystalline  form. 
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It  18  erident  that  the  crystals  under  ooDsideration  differ  essentially 
in  their  origin  from  those  which,  while  possessing  the  external  form 
of  augite  <&c.,  are,  to  a  large  extent,  composed  of  magnetite  or  ilme- 
nite ;  the  latter  exhihit  sharply  defined  outlines,  and,  as  suggested 
by  Zirkel,  were  prohahly  formed  under  conditions  similar  to  those 
which  resulted  in  the  crystallization  of  the  quartsdferous  limestones 
of  Fontainehleau*.  The  alteration  of  the  crystals  of  uralite,  on  the 
contrary,  begins  externally  and  extends  gradually  towards  the 
centre. 

Among  the  more  indistinct  pseudomorphs  observed  in  the  sec- 
tiims  examined  are  a  few  filled  with  a  granular  transparent  material, 
containing  quartz  granules  and  divided  by  reticulated  lines  of  minute 
crystalline  aggregaJdona  in  a  way  suggestive  of  the  fissures  so  gene- 
rally observed  in  olivine.  It  may  be  remarked  that  this  rock  is 
almost  identical  in  chemical  composition  with  the  ancient  dolerites 
from  the  neighbourhood  of  Penzance,  and  also  that  recent  observa- 
tions have  shown  that  the  augite  in  certain  Cornish  dolerites  has 
become  partially  transformed  into  uralite. 

EXPLANATION  OP  PLATE  XIX. 
(All  the  figures  magnified  17  diameters.) 

Kg.  1.  Twin  crystal  of  uralite  which  has  undergone  alteration  around  its 
edges  and,  to  a  ley»  extent,  along  a  line  of  fissure  by  which  it  is 
divided. 

n%.  2.    Crystal  of  uralite,  altered  to  a  greater  depth  than  in  the  former  oase. 

^•3.  Uralite  crystal  which  has  beoi  entirely  removed  and  replaced  by 
various  secondary  products. 


Discussion. 
Hr.  Warctgton  W.  Sinrni  stated  that  he  had  examined  the 
quarries  referred  to,  but  without  arriving  at  such  satisfactory  results 
a«  those  brought  forward  by  the  author,  to  whom  he  felt  obliged 
for  several  important  suggestions.  The  rock  appeared  to  be  mainly 
ail  of  one  variety,  though  some  geologists  might  perhaps  be  inclined 
to  subdivide  this  great  mountain-mass.  Chemically  and  commer- 
cisUy,  indeed,  there  is  a  great  difference  between  the  several  parts 
of  this  mountain.  At  the  western  extremity  some  little  variation 
occurs ;  but  at  the  eastern  end,  at  Graig-lwyd,  there  were  great  dif- 
ferences. Great  masses  are  left  un worked  from  year  to  year  because 
they  do  not  wear  well.  These  are  of  a  finer  grain,  and  there  is 
^0  appearance  of  free  silica  in  them,  although  it  may  exist  in  the 
otiier  rock ;  and  Mr.  Phillips  has  shown  that  when  free  silica  is 
present  the  rock  is  more  useful.  The  discovery  of  the  peculiar 
icinting  which  enables  the  rock  to  be  easily  cut  into  "  sets,"  has  led 
to  its  being  largely  worked;  and  there  is  a  great  exportation  of  it 
to  Manchester,  Liverpool,  &c.    The  discovery  of  free  silica  in  the 

*  Untersuchungen  liber  die  mikroskopische  Zusammensetzung  und  Structur 
der  Basaltgeeteine,  p.  27.    Bonn :  1870. 
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large-grained  yarieties  is  therefore  very  interesting,  as  is  also  the 
determination  of  the  kind  of  felspar  associated  with  the  silica.  The 
paper  was  a  very  important  contribution  to  onr  knowledge  of  cer- 
tain rocks  whidi  possess  much  interest  both  mineralogically  and 
commercially. 

Prof.  Ramsay  said  that  he  was  glad  to  find  that  Mr.  PhOlips 
maintained  the  broad  general  views  originally  set  forth  by  the 
Geological  Survey.  He  presumed  that  the  author  considered  the 
Penmaenmawr  rock  not  to  be  now,  either  chemically  or  minerar- 
logically,  by  any  means  in  its  original  state  of  consolidation  from 
igneous  fusion ;  and  he  would  be  glad  to  know  whether  any  conda- 
Bion  could  be  arrived  at  as  to  what  this  state  was.  He  thought  its 
metamorphlsm  might  have  been  assisted  by  nearness  of  the  rock  to 
the  surface,  favouring  the  percolation  of  surface-water.  Continual 
changes  had  probably  been  going  on  in  the  Penmaenmawr  rock  ever 
since  ito  original  formation.  He  thought  that  the  presence  of  su(^ 
large  quantities  of  iron  and  manganese  in  the  ash,  as  shown  by  the 
authoi^s  analyses,  might  be  due  to  infiltration  rather  than  to  these 
substances  being  original  constituents  of  the  rock. 

Prof.  JxjDD  called  attention  to  the  other  rock  not  noticed  by  the 
previous  speakers,  whose  remarks  were  confined  to  two  only  out  of 
the  three  sorts  referred  to  in  the  paper.  He  remarked  that  the 
uralit^-porphjrry  of  North  Wales  was  now  for  the  first  time  tho- 
roughly investigated,  so  that  we  can  now  compare  it  with  the  uraUte- 
porphyry  of  Predazzo,  which  appears  to  be  an  altered  augite-por- 
phyry.  The  Welsh  rock,  in  the  changes  round  the  edges  of  crystals 
and  in  its  appearance  to  the  naked  eye,  differs  from  the  Predaiszo 
porphyry.  In  the  former  much  more  of  the  characters  of  the  augite 
orystflds  is  lost.  Such  careful  descriptions  and  analyses  as  those 
given  by  the  author  are  most  important  and  of  the  greatest  interest 
to  English  geologists. 

The  AiJTHOB,  in  reply  to  Prof.  Eamsay*s  question  as  to  the  ori- 
ginal state  of  the  rock  at  Penmaenmawr,  said  that  the  least- altered 
rock  was  in  the  quarries  opposite  Beaumaris,  where  it  exhibited 
siHca,  hornblende,  and  triclinic  felspar.  It  was  remarkable  that, 
although  in  metamorphism  free  silica  appears,  the  chemical  compo- 
sition of  the  rock  is  not  altered. 
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21.  On  the  Beds  between  the  Gaxtlt  and  XTppeb  Chalk  near  Folkbs- 
TONs.  By  F.  G.  Heltof  Pkice,  Esq.,  F.G.8.  (Read  March  7, 
1877.) 

We  have  no  better  section  of  the  Upper  Cretaceous  rocks  than  at 
Lydden  Spont,  which  is  a  name  given  to  a  portion  of  the  cliff  between 
Folkestone  and  Dover. 

The  chalk  cliffs  at  this  locality  were  carefully  measured  by  Mr.  C. 
E.  De  Kance,  F.G.S.  (of  H.M.  Geological  Survey),  and  myself; 
and  the  height  was  found  to  be  433  feet  above  the  mean  sea- 
leveL  The  Sickness  of  the  beds  between  the  Upper  Gault  and  the 
first  bed  of  flints  (Upper  Chalk)  is  348  feet. 

These  beds  I  propose  to  divide  into  three  general  groups,  i.  e. 
Chalk  Marl,  Grey  Oialk,  and  Lower  Chalk,  the  former  two  corre- 
sponding with  the  Cenomanien  of  D'Orbigny,  and  the  latter  with  his 
Turanian.  As  these  divisions  contain  several  well-marked  lithologi-' 
cal  bands  or  beds,  I  have  again  subdivided  them  into  six  zones  and 
nine  beds,  distinguishable  by  their  palsBontological  contents  or  litho- 
logical  characteristics. 

Mr.  Whitaker,  in  voL  iv.  p.  33  of  the  Geologic^-Survey  Memoirs, 
quoting  Phillips,  estimates  the  Grey  Chalk  or  Chalk  Marl  at  about 
200  feet,  and  describes  it  as  varying  in  colour  and  texture,  but 
softer,  more  sandy,  and  less  compact  than  the  other  divisions.  He 
makes  his  division  extend  to  the  top  of  the  thin  yellowish  bed,  the 
zone  of  BeUmnites  plenus. 

It  will  be  seen  from  the  present  paper  that  I  have  given  the 
same  limits  for  the  Grey  Chalk  and  Chalk  Marl  together  as  Mr. 
Whitaker,  and  that  I  have  estimated  the  thickness  of  those  beds  at  197 
feet ;  but  instead  of  grouping  them  both  together  as  Chalk  Marl,  I 
have  measured  the  Chalk  Marl  from  the  top  of  the  Upper  Gault,  and 
have  carried  it  up  to  the  top  of  the  zone  of  Plocoscyphia  mcBandrina, 
in  all  about  24  feet  thick.  Here  I  consider  the  Grey  Chalk 
commences,  extending  to  the  top  of  the  Belemnites-pleiius  band 
(yellowish  chalk),  and  having  a  thickness  of  173  feet.  The  Lower 
Chalk  is  150  feet  thick ;  it  is  measured  from  the  top  of  the  Belem- 
nites-plenus  zone  to  the  Upper  Chalk  (first  line  of  flints). 

Mr.  F.  Drew  has  given  a  short  note  on  this  section  in  Whitaker's 
'Memoir'  of  the  Geological  Survey,  vol.  iv.  p.  33,  in  which  he  has 
divided  it  into  Chalk  Marl,  White  Chalk  without  flints,  and  concre. 
tionary  (?)  nodular  chalk.  He  does  not  give  the  thickness  of  the  Chalk 
Marl. 

The  "  white  chalk  without  flints,"  of  Drew,  is  138  feet  thick,  and 
equals  my  bed  vi.  of  the  Grey  Chalk,  the  zone  of  Holaster  subglohosus^ 
which  is  148  feet  thick  according  to  my  calculations. 

The  concretionary  (?)  nodular  chalk,  73  feet  thick,  is  capped 
by  chalk  without  flints  and  white  chalk  with  few  flints. 

The  concretionary  nodular  chalk  is  equivalent  to  the  beds  above 
the  Bdemnites-plenus  zone,  and  is  strangely  near  to  Dr.  Barrois's  de- 
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Bcription  of  the  '^  Craie  noduleuse  k  Inoeeramus  lahiatxu^  whidi  be 
makes  75  feet  thick. 

The  term  *'  white  chalk  without  or  with  few  flints  "  k  ^x^Mblj  ex- 
plained by  the  lower  portion  being  without  flints  and  the  upper  part 
containing  bat  few  flints.  I  draw  the  line  of  division  about  the 
middle  of  tMs  bed. 

Dr.  Charles  Barrois,  in  his  able  work  *  Becherches  but  le  Terrain 
Cr^tac^  sup^rieur  de  I'Angleterre  et  de  Tlrlande/  has  drrided  this 
section  very  similarly  to  the  way  in  which  I  have  done,  by  making 
the  following  zones : — 

1.  Marne  sabletue  k  asone  de  Pecten  asper,  =  my  bed  L  and,  he  oonsiden,  the 

WarmioBter  beds. 

2.  Oraie  mameuse  4  Ploco6ct/phia  mdtandrina^  =  my  bed  U.,  chalk  marl  with  P. 

meandrina, 

3.  Zone  k  Ammimit€s' various  =  my  beds  m.,  IV .,  and  Y. 

4.  Oraie  argileuse  avec  bancs  durs  k  A.  rkotomagetms^'=  the  lower  part,  aboat 

93  feet,  of  my  bed  YI.,  grey  chalk  with  Ammonites  rhotomagensis, 

5.  Zone  k  Belemnites  plenus  ^craie  compacte) = the  upper  60  feet  of  my  bed  TL 
These  last  three  zonee  are  included  by  Dr.  Barrois  in  his  *'  Assise  i  BoUder 

subghbosus,^*    The  true  horizon  of  Belemnites  plenus  (yellowish  chalk) 
he  considers  a  remani6  bed ;  this  ^  my  bed  VllT.  

6.  Oraie  noduleuse  k  Inoeeramus  labiatus,  75  feet, «  32  feet  of  my  bed  YIIL, 

and  43  feet  of  my  bed  IX 

7.  Oraie  mameuse  k  Terebratulina  gracilis  =  75  feet  of  my  bed  IX. 

It  will  be  seen  that  his  general  divisions  are  the  same  as  mine, 
with  the  exception  that  my  sections  are  rather  more  in  detaiL 

Like  results  have  attended  the  labours  of  Prof.  E.  Hebert,  Dr. 
Barrois,  and  MM.  Pettier  et  de  Lapparent  in  the  Boulonnais,  where 
the  same  beds  have  been  examined. 

The  following  is  M.  He'bert's  table  indicating  his  divisions  in  Nor- 
mandy : — 

Lydden  Spout 

Echiftoamus  subrottmdvs  and 
Terebrattdina  gracUis, 


Oraie  k  Inoeeramus 
labiatus. 


(  Holaster  cor-avium. 
Echinoeonus  subro  fundus. 


Inoeeramus  labiatus. 


Belemnites  plenus. 


Inoeeramus  labiatus. 


Belemnites  plenus. 


lOraie  grise  k  Holaster  subglobosus,  16  m. 


\  Holaster subglobo8us(m^Ti). 


Gr^s  calcareux  &  Hola>fter  nodidosus,  18  m. 


Glauoonie  sableuse  k  Holaster  suborbicularis, 
41m. 


Grey  Chalk  and  Chalk  MarL 


From  the  foregoing  table  it  appears  evident  that  the  CenomaDian 
is  much  more  considerable  in  Normandy  than  it  is  with  us  in  the 
south-east  of  England — so  much  so,  indeed,  that  in  correlating  it  with 
our  Folkestone  section  I  have  to  consider  the  "  Glauconie  sableuse  a 
ffolaster  suhorbicularis  "  (which  form  is  a  variety  of  Holaster  l<m8) 
and  the  'Gr^  calcareux  k  Holaster  noduhsus,'^  which  equals  "  Icevis^ 
as  equivalent  to  our  Chalk  Marl  and  parts  of  the  Grey  Chalk. 

The  "  Craie  grise  k  Holaster  suhglohotus  "  may  probably  be  cor- 
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related  with  my  bed  YI.  of  Holaster  subglohosus,  although  much 
narrowed. 

In  his  ^^  Turonien  "  M.  H^rt  makes  one  general  "  assise,"  sub- 
divided into  four  zones ;  the  two  lower,  of  BeUmnites  julenut  and 
Inoceramm  kUnatus^  are  equal  to  my  zones  of  the  same  names. 

His  Echinoc(mu8-subrotundu8  and  Hokuter-cor-avium  zones  equal 
my  zone  of  Echinoconus  suhrotundus  and  Terebratulina  gracilis,  bed 
IX.,  together.  Prof.  Hubert*,  in  his  paper  entitled  "  Comparaison 
de  la  C^raie  des  Cotes  d'Angleterre  avec  celle  de  France,"  considers 
the  Upper  Grconsand,  Cbalk  Marl,  and  Grey  Chalk  of  the  coast 
section  at  Lydden  Spout  to  be  equivalent  to  the  glauconitic  marl  of 
the  French  coast,  and  the  chalk  without  flints,  beds  VII.,  VIII., 
and  IX.  of  this  section,  to  the  lower  and  middle  zone  of  Chalk  with 
Inoeeramtu  labiatus  (?). 

In  the  Pas  de  Calais  M.  Hubert  divides  the  Chalk  Marl  and  Grey 
Chalk  collectively  into  four  parts,  i,  e, : — 

1.  Nirean  k  PiocoscypAia  maandrina=mj  beds  1  and  2. 

2.  Niveau  4  A,  varians=my  bed  3. 

3.  Niveau  4  A.  rhotonuiffensi8-=my  bed  4. 

4.  Niveau  k  Bdemnites  plenus=my  beds  5,  6,  and  7. 

The  lists  of  fossils  recorded  as  found  by  himf  in  this  area  are,  in  the 
main,  the  same  as  I  have  met  with  at  Folkestone  and  Lydden  Bpout. 

Bed  I.  (Chalk  Marl). 

Immediately  resting  upon  the  Upper  Gault  (bed  XI.)  is  a  dark 
greenish  sand,  calcareous  and  clayey,  poor  in  organic  remains.  The 
green  grains  become  thinner  and  fewer  about  16  feet  up  in  the  de- 
posit, where  it  is  less  sandy  and  the  deposit  partakes  more  of  the 
character  of  marl. 

On  the  hill  beneath  the  Martello  Tower  No.  III.  quantities  of  cream- 
coloured  concretions  were  met  with.  This  formation  can  be  seen  in 
situ  near  Copt  Point,  Folkestone,  reposing  more  or  less  conformably 
upon  the  gault.  Short  pipings  of  this  dark  green  sand  extend  only 
for  about  3  or  4  inches  into  the  gault  beneath. 

The  total  thickness  of  this  bed  near  Copt  Point  in  the  hill  below 
the  Martello  Tower  III.,  measured  firom  the  top  of  bed  XI.  of  the 
Upper  Gault,  where  the  green  pipings  are  first  observed,  up  to  the 
base  of  the  whitish  marly  deposit  sometimes  called  chloritic  or  glau- 
conitic marl,  is  about  14  feet ;  but  it  is  extremely  difficult  to  obtain 
an  accurate  measurement.  It  has  usually  been  roughly  estimated  as 
having  a  thickness  of  15  feet  in  East- Wear  Bay.  Mr.  Topley  con- 
siders it  not  to  be  thinner  than  20  feet  here. 

This  dark  sandy  marl,  commonly  called  Upper  Greensand,  thins 
out  gradually  to  the  north-west  of  Folkestone,  where  only  a  thin 
seam  of  chloritic  marl  reposes  on  the  gault.  Mr.  Topley  states:t  that 
"  at  the  foot  of  Castle  Hill  it  is  exposed  in  a  road-cutting,  where  it 

*  Bull.  Soc.  G6ol.  France,  3*  B^r.  t.  ii  pp.  41^-428. 

t  '  La  zone  k  Belemnites  plenus,*  C.  Barrois :  Lille,  1875, 

t  •  Geology  of  the  Weald,*  W.  Topley,  p.  162. 
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is  only  3  or  4  feet  thick,  and  oontaioB  many  small  phoephatic  nodnlet. 
The  Upper  Greensand  seems  to  die  out  to  the  west  of  this  pomt," 

The  same  anthority  states*  that  *'  there  is  no  farther  exposnre  d 
this  Greensand  until  we  reach  Aylesf  ord,  where  only  about  18  inches 
of  it  is  found  beneath  the  Chalk  MarL  At  Burham  biick-pit  it  k 
less  distinct ;  but  green  grains  and  phosphatic  nodules  occur  at  the 
top  of  the  day.** 

Owing  to  the  frequent  landslips  which  have  taken  place  in  East- 
Wear  Bay,  no  other  entire  section  that  is  reliable  is  to  be  seen.  Its 
junction  with  the  Chalk  Marl  can  be  made  out  very  well  upon  the 
shore,  where  large  masses  have  been  thrown  down  ;  there  it  will  be 
observed  that  this  so-called  Upper  Greensand  passes  gradually  and 
almost  imperceptibly  into  chsJk  marl.  In  the  lower  parts  of  the 
deposits  clayey  pipings  are  frequently  met  with,  also  iron  pyrites  in 
the  form  of  cubes ;  but  the  latter  are  not  found  in  the  upper  part 

The  following  fossils  have  been  met  with  in  this  bed : — 


Stauronema  Oarteri,  SoUas  {common). 

lobata,  Sollas. 

HyloeponffiA. 

Ploooftcyphia  mfeiindrina  (oommon). 

Pseadodiadema,  sp. 

Inooeramos  oonoentricos  ? 

— —  stariatufl? 

Ayioula  gryphseoides  (oommon). 

PlicatuU  inflata. 


Pecten  orbiouIariB  (common). 
Lima  g^obosa  (rare). 
OarditBLp  sp. 
Nautilus,  sp. 

Ammonites  Tarians  (rery  rare). 
Scaphites  sequalis. 
lohthyoeaurus  oampylodon. 
Lamna,  sp.,  and  Fish-soalea. 


In  the  lower  portion  of  this  deposit  fossils  are  rarely  found  at  all, 
owing,  probably,  to  the  chemical  constituents  being  unfavourable  to 
the  preservation  of  organic  remains.  They  mostly  occur  in  that 
portion  of  the  bed  which  is  composed  of  whitish  marl  mixed  with 
green  grains.  The  lowest  fossil  met  with  was  Hylospongia,  All  the 
fossils  that  are  found  in  this  bed  No.  I.  are  Chalk-Marl  forms  and 
do  not  represent  the  fauna  of  the  Upper  Greensand  of  the  West  of 
England  at  all. 

Upon  carefully  examining  this  bed,  in  company  with  Br.  Charles 
Barrois,  of  Lille,  I  have  come  to  the  conclusion  that  the  Upper 
Greensand  is  wanting  in  the  south-east  of  England  (unless  it  be  re- 
presented palaeontologically  by  the  Upper-Gault  beds  X,  and  XI., 
zone  of  Ammonites  rostratus  of  my  Gault-section),  and  that  the  dark 
green  sandy  deposit  just  now  described  forms  the  basement-bed  of 
tiie  Chalk  Marl,  they  being  palaeontologically  the  same.  I  shall 
therefore  propose  to  do  away  entirely  with  the  term  Upper  Green- 
sand for  this  bed,  and  henceforth  to  consider  it  as  the  basement-bed 
of  the  (]^alk,  and  to  unite  it  with  the  Chalk  Marl,  considering  it 
the  sandy  base  of  that  formation.  This  is  the  zone  of  Stauronema 
Varteri,  which  only  occurs  in  this  bed. 

This  bed  equals  the  "  Niveau  de  Pecten  asper,*'  of  Dr.  Barrois,  see 
his  paper  on  " La  Zone  k  Belemnites pUnuSy^  lille,  1875. 

At  Wissant  this  bed  is  extremely  rich  in  fossils;  but  they  are  not 
of  the  Upper-Greensand  fauna. 

*  *  Geology  of  the  Weald,*  W.  Topley,  p.  153. 
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Bed  n.  (Chalk  Marl). 
The  chalk  of  this  bed  is  very  hard  and  coarse  in  texture  and  of  a 
light  gteyish  colour,  and  is  generally  known  as  Chalk  Marl,  but, 
owing  to  the  presence  of  a  few  green  grains  near  its  base,  has  been 
called  by  some  geologists  Chloritic  Marl. 

It  has  a  thickness  of  abont  10  feet,  and  contains  several  hard  bands 
or  reefe  of  sponges,  notably  of  Plocoscyphia  meandrina=Br(ichiolite8 
labrosus  and  Dendrospongia  fenesiralis,  which  do  not  occur  otherwise 
than  in  these  very  htu^  bands.  Occasionally  these  sponges  are  found 
oonverted  into  iron  pyrites.  I  measure  this  bed  to  the  base  of  the 
Grey  Chalk,  where  Uiese  hard  bands  cease  to  be  met  with. 

Hard  concretionary  nodules,  more  or  less  incrusted  with  iron 
pyrites,  occur  in  this  bed ;  they  bear  every  appearance  of  being  much 
rolled,  and  have  Qstrece  and  PlicatulcB  adhering  to  them. 

The  Chalk  Marl  is  very  fossUiferous  ;  the  following  is  a  list  of 
fossils  obtained  therefrom : — 

Ploooecyphis  mieandrma  (y.  common). 
I>endrospoiigia  fenestralia  (oommon). 
Micrabaoia  ooronula. 
Pollicipee  glaber  (rare). 
Cidaris  yesiculosa. 

Holaator  lieTis,  var.  nodulosus  (com.). 
f  Tar.  treoensifl. 


Ostrea  frons,  yar.  carinata. 
Area  fibrosa. 
Nadca,  sp. 

Pleurotomaria  perspeotiTa. 
Solarium,  sp. 
Ammonitee  cenomaQenais. 

faloatus. 

Mantelli. 

nayicularis. 

nothua,  var.  Mantelli. 

■        yarians. 

,  ep. 

Nautilus  elegans. 

pseudo-ele^^B. 

Scaphites  sequabs. 
Turrilitee  costatus. 

Soheuchzerianus. 

tuberculatus. 

Edaphodon,  sp. 
Ooprolites  of  fishes,  &c. 
Ichthyosaurus  oampylodon. 
SaurocephaluB  landiormis. 
Acanthopbolis  horridus. 
Wood. 


Serpula  annulata. 
Terebraiula  biplioata. 

obeea. 

UiynohoneUa,  sp.  (crushed). 
Inoceramus  striatus  (yery  common), 
lima  globosa  (oommon). 
—^  parallela. 

Peeten  ^eaveri. 
■        oampanenaiB. 

elongatuB. 

orbicularis. 

Jsnira  quinaueoostata. 
Plioatula  inflata  (oommon). 

ngiUina. 

Spondylus  Dutempleanus. 

latus. 

Ostrea  frons. 

It  is  remarkable  that  the  remains  oUcTUhyosaurus  are  only  met  with 
in  the  hard  seams,  which  are  mostly  made  up  of  sponges :  it  would 
appear  that  the  bones  of  those  reptiles  became  entangled  therein. 

Mr.  Griffiths,  of  Folkestone,  has  told  me  that  he  has  found  in 
this  bed  Ventriculites  of  large  size,  having  a  diameter  of  about  six 
inches  across  the  cup,  and  weighing  as  much  as  14  lb. 

This  bed  is  equivalent  to  the  Craie  mameuse  with  Plocoscyphia 
mceandrina  of  Br.  Barrois. 

The  Chalk  Marl  (beds  I.  and  11.)  can  be  well  examined  in  East- 
Wear  Bay,  near  that  part  known  as  the  "  Pelter.*'  It  passes  gradu- 
ally up  into  a  more  argillaceous  marly  chalk,  generally  termed  Grey 
Chalk.  In  order  to  see  a  fair  section  of  this  Grey  Chalk,  called  the 
"  Assise  du  Holaster  suhglohoms  "  by  Dr.  Barrois,  in  his  paper  on  the 
zone  of  BeUnmites  plenus^  it  is  necessary  to  go  as  far  as  Lydden 
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Spout,  some  three  miles  further  on,  as  none  of  that  formation  can  be 
seen  along  the  shore  in  East-Wear  Bay.  Nearer  Folkestone,  where  it 
should  he  in  situ,  the  cliffii  have  suffered  so  much  from  landslip^tbat  in 
yery  fewplaces  are  the  rocks  seen  in  situ  at  all,  and  then  onlypartiallj. 
In  many  places  the  underdiff  in  East-Wear  Bay  is  the  result  of  slips, 
and  IB  covered  over  hy  the  rubhish  taken  out  of  the  tunnel  and  rail- 
way-cutting during  tbe  formation  of  the  line  to  Dover,  and  thrown 
down  over  the  cliff. 

A  very  good  idea  of  the  extent  to  which  these  cliffs  are  wasti^ 
away  may  be  formed  by  walking  along  the  top  from  Folkestone  Hill 
to  Lydden  Spout.  A  little  beyond  the  Royal  Oak  Inn,  Hongham, 
which  is  about  430  feet  above  the  sea-level,  I  was  greatly  stmek  hy 
it,  and  could  not  help  observing  how  much  the  chalk  above  the 
South-Eastem  Eailway  tunnel  had  given  away,  and  was  still  wasting. 
In  manyspots  above  this  line  of  tunnel  large  tracts  of  land  had  actually 
slipped  down  bodily ;  and  the  ventilating  shafts,  after  passingHougham, 
are  quite  dose  to  the  edge  of  the  cliff.  In  two  instances  the  land 
above  the  tunnel  has  dipped  or  sunk  to  a  depth  of  5  or  6  feet,  and 
actually  broken  down  the  ventilating  shafta.  Some  of  the  "  Fairy 
rings  "  were  cut  in  half  by  the  crumbling  away  of  the  difis,  thus 
indicating  that  they  are  older  than  than  the  present  escarpment. 
In  some  parts  the  tunnel  is  quite  dose  to  the  edge  of  the  diff ;  and  in 
other  parts  large  masses  of  chalk  have  slipped  completely  over  it. 

Formerly  there  was  a  road  along  the  shore  from  Folkestone  to 
Dover ;  but  since  the  South-Eastern  Railway  Ck)mpany  built  out  tfa^ 
new  pier  (which  has  effectually  prevented  l5ie  shingle  coming  ronnd, 
and  redaimed  land  to  the  west  of  it)  the  full  force  of  the  sea  now 
comes  round  into  East- Wear  Bay  and  gradually  denudes  the  soft  cliffs 
composed  of  Gault  and  the  rubble  from  the  railway-cutting.  The 
road  soon  ceased  to  exist,  and  can  only  be  traced  here  and  there  with 
the  old  beach  beneath  it,  which  is  as  hard  as  pudding-stone. 

Since  this  paper  was  written,  a  severe  landslip  occurred  in 
January  last,  caused  during  a  long  continuance  of  excessive  wet 
weather,  by  the  upper  beds  slipping  down  over  the  Gault.  The  area 
of  the  slip  was  considerable,  extending  over  nearly  100  acres. 
It  had  the  effect  of  pressing  up  the  Gault  on  the  beach  into  mounds 
six  and  seven  feet  high,  of  blocking .  up  the  Folkestone  tuunel  of 
the  South-Eastem  Railway,  and  of  filling  up  a  cutting  of  about  200 
feet  in  depth  for  a  distance  of  fully  200  yards. 

At  Lydden  Spout  the  whole  of  the  Grey  Chalk  is  seen  in  situ, 
and  is  capable  of  being  divided  into  several  well-marked  divisions  or 
beds.  Its  total  thickness  here  is  about  170  feet,  being  measured 
from  the  top  of  the  zone  of  Plocoscyphia  mceandrina  (bed  II.  of  this 
section)  to  tiie  base  of  the  grit  bed  No.  YIII.,  the  top  of  the  band  of 
yellowish  chalk,  the  horizon  of  Beletnnites  plenus. 

The  Grey  Chalk  I  propose  dividing  up  into  three  zones,  bods  No. 
III.,  rV.,  and  V.  being  the  zone  of  A,  rhoimnagensis,  bed  No.  VT.  the 
zone  of  Holaster  suhglohosus^  and  bed  No.  VII.  the  zone  of  BcUmniUs 
plenus.  The  base  of  bed  HI.  at  this  portion  of  the  shore  is  the 
usual  high-water  mark. 
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Bed  HI.  (Grey  Chalk). 

Consbts  of  a  soft,  grey,  motUed,  marly  chalk,  having  a  thickness 
of  eight  feet ;  many  hard  nodules  of  chalk  occur  in  this  horizon.  This 
bed  ^rms  the  lower  portion  of  Br.  Barrois's  **  Niveau  k  Ammonites 
variansJ' 

The  foUowing  fossils  may  he  noted  as  coming  from  this  band : — 

Biaooidea  subooulum. 
(Hdarifl  TonoulowL 
Qtmiaster,  sp. 
Pseudodiadema  yarioliire. 


Pecten  orbicularis. 
Panopiea,  sp. 
Oorax  heterodon. 
Notidanus  miorodon. 
Oxyrhina  Mantelli. 
Ammonites  rarians. 
rhotomagensis. 


Serpula  annulata. 
Bhynehonella  Mantelliana. 
Ptecten  BeaTeri. 
elongatuB. 

Bed  IV.  (Grey  Chalk). 
The  middle  bed  of  theAmmoniUs-rhotomoffensis  zone  is  composed  of 
light-grey,  banded,  marly  chalk,  about  eleven  feet  in  thickness. 
Eight  feet  up  in  this  bed  three  well-marked  bands  occur,  each  being 
one  foot  in  thickness.  The  first  band  consists  of  light  grey  chalk, 
very  hard  in  texture,  and  poor  in  organic  remains ;  the  second,  or 
middle  band,  consists  of  dark  grey  chalk  of  soft  texture,  in  which 
many  fossils  are  met  with,  notably  A,  rhotomagensts  and  A.  Mantelli. 
Hr.  Griffiths  states  he  has  found  specimens  of  the  former  from  this 
bed  weighing  as  much  as  a  hundredweight.  Large  specimens  of  A, 
kwesiensis  also  occur  here. 

It  is  worthy  of  notice  that  most  fossUs  from  this  band  have  the 
shells  well  preserved  upon  them. 
The  third  band  is  like  the  first  in  composition. 
This  bed  is  placed  in  the  zone  of  A.  varians  by  Dr.  Barrois  in  his 
"Assise  k  Holaster  subglobosus.'' 
The  following  fossils  occur : — 
BadioUtes   Mortoni   (rare),    in    the 

lower  8  feet  only. 
OLdaris  Tenculoea. 
Paeododiadema  Tariolare. 
Serpula  annalata. 
""■^»  a  species  pectdiar  to  the  middle 

dark  band. 
Pecten  Beaveri. 

Bed  V.  (Grey  Chalk). 
Commonly  known  as  the  "  cast  ''-bed,  is  of  a  light  French -grey 
<Alour,  motded  and  striped  with  markings  of  a  darker  colour,  filled 
with  fragments  of  comminuted  shells  and  a  large  assemblage  of 
dossils,  many  of  which  resemble  the  Gault  fauna.  It  is  particularly 
rich  in  Gasteropoda.  I  am  indebted  to  Mr.  J.  8.  Gardner  for  the 
Dames  of  several  of  the  species  found  in  this  bed.  This  chalk  is 
^lerably  soft,  sufficiently  so  to  be  capable  of  being  cut  with  a  knife ; 
^erefore  the  fossils  can  be  readily  obtained.  It  has  a  thickness  of 
only  2  feet  9  inches ;  and  through  this  bed  the  spout  of  the  Lydden 
flows.  The  rise  of  the  marly  chalk  above  the  sea-level  occurs  about 
&  mile  and  a  half  to  the  east  of  the  escarpment  of  Folkestone  Hill ;  and 


Pecten  elongatns. 
— —  orbicularis. 

Baulinianus  ? 

Ammonites  Mantelli. 

rhotomagensis. 

lewesiensis. 


Digitized  by  VjOOQIC 


438 


r.  e.  R.  PRIOB  ON  THE  BBDB  BSTWEKK  THB 


the  place  is  well  marked  by  the  breaking-oat  of  a  very  copious  and 
perennial  spring  called  '^  Lydden  Spout,"  which  issues  from  t^e  top 
of  these  marly  beds,  a  situation  probably  corresponding  to  that  of 
the  springs  which  everywhere  appear  in  the  interior  along  the 
foot  of  the  chalk  range*. 

This  bed,  in  common  with  some  of  the  others,  is  traversed  by 
seams  of  calcite.  The  nodules  of  iron  pyrites  found  in  this  bed  are 
mostly  small,  some  spherical,  some  cylindrical  with  rounded  eads, 
having  a  smooth  surface,  silvery  and  very  bright.  When  broken, 
they  all  exhibit  a  radiating  structure  from  the  centre.  It  is  a  re- 
markable fact  that  the  forms  of  these  nodules  vary  in  every  bani. 

These  three  beds,  III.,  IV.,  and  V.,  I  propose  to  term  the  zone  of 
AmmoniUs  rhotomagensis  and  varians,  which  equal  Dr.  Barrois's  zone 
of  A,  varians.  Mr.  Jukes-Browne  considers  this  bed  equal  to  t^e 
dark  sandy  building-stone  of  Burwell  near  Cambridge. 

The  following  is  a  list  of  the  fossils : — 


Miorabacia  ooronula. 
Follidpes  glaber  (rare). 
Goniaster  moBaious. 
Gidans  disriiniUs. 
Pseudodiadema  ornatum. 

Tariolare. 

,  ep. 

PeltAstes  olathratus. 
Salenia  Glarkii. 
Hemiaater  Morrisii. 
Epiaster  craasisaimuB. 
Serpula  annulata. 
Vermicularia  umbonata. 
PalfiBffa  Carter!  (rare). 
Enoplocljtia  suasexiensis. 
Hoploparia,  daws. 
Grab,  sp. 

Terebratulina  rigida  (nodulated  var. 
Tery  common). 

striata. 

Terebratula  squamoaa. 
Kingena  lima. 
Bhyohonella  Grasiana. 

Mantelliana  (common). 

Martini. 

Ayicula  gry^bffioides. 
Bxogyra  nahotoidea. 
lima  globosa. 

—  aapera. 

parallela. 

Mytilus,  sp.  nov. 
Pecten  Beaveri. 

elongatuB. 

orbicularis. 

Janira  quadricostata. 

quinquecostata. 

Plioatula  pectinoides. 

sifldlhna. 

Ostrea  Normaniana. 

—  Bauliniana. 
Area  fibrosa. 
Area  nana. 


Area  carinata. 
Pholadomya  deouasata. 
Cardita  tenuicosta. 
Natioa,  sp. 
Nuoula  peotinata. 
Pleuroiomaria,  sp. 
Yoluta  aemiplioata. 
Aporrhais  MantellL 
Bostellaria  Prioei. 
Fusus,  sp. 

Emarginula  Greaalyi,  P.  ^  C, 
Turbo  Triboleti,  P.  #  C. 
Scalaria  Dupiniana. 
Gerithium  Lallierianum. 

trimonile. 

OmithopuBoligochiU. 

pachyaoma. 

Dimorphosoma  doratochilum. 

opeatoohilum. 

spathochilum. 

Solarium,  sp. 

or  Turbo. 

Dentalium  mediimi. 
Turritella,  sp. 
Ammonites  cenomanensia. 

Goupei. 

rhotomagenaia. 

variana. 

— ,  ap. 
Ancyloceras. 
Nautilus  elegans. 

Dealonffohampsianua. 

Belemnitee  j^enua,  var. 
Turrilitea  ooatatua. 
Ischyodua. 
Macropoma,  ap. 
PiaoduB. 
Fiah-coprolitee. 
Lamna,  sp. 

subulata. 

Oxyrhina  Mantelli. 


*  Dr.  Pitton,  "  On  the  Strata  below  the  Obalk,**  Trans.  GeoL  Soo.  vol.  iv.  2sA  ser. 
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Bed  VI.  (Grey  Chalk). 

The  base  of  this  bed  is  found  immediately  resting  upon  the  '*  cast- 
bed."  It  is  about  148  feet  in  thickness ;  the  lower  portion  of  it  for  . 
about  10  feet  is  slightly  lighter  in  colour  than  the  chalk  of  the  cast- 
bed,  but  becomes  very  much  lighter  higher  up,  where  it  assumes  a 
very  light  yellowish  grey  colour ;  and  within  a  few  feet  of  the  top  the 
chalk  is  of  soft  texture. 

This  bed  is  not  so  fossiliferous  as  the  "  cast-bed."  The  first  93  feet 
above  it  is  very  poor  in  organic  remains,  and  is  the  "  Craie  argileuse 
avec  bancs  durs  k  Ammonites  rhotomagensis  f  and  the  upper  55  feet 
of  this  bed  is  the  zone  of  Belemnites plenus  of  Dr.  Barrois.  Diacoidea 
cylmdricu  and  Holaster  suhglohosus  are  peculiar  to  this  bed  ;  in  con- 
sequence of  the  latter  being  very  characteristic  and  plentif  id  in  it,  I 
propose  to  call  it  the  zone  of  Holaster  suhglohosus. 

The  palates  of  Ptychodus  poly  gyrus  and  P.  decurrens  are  met  with 
towards  the  top  of  this  zone  of  a  darker  colour  than  those  coming 
from  bed  IX.  of  the  Lower  Chalk. 

The  nodules  of  iron  pyrites  occurring  in  this  bed  are  round  and 
rusty  brown  in  appearance,  never  bright. 

The  following  are  the  fossils  met  with  in  the  bed : — 


Cidaris  vesiculoea. 

Holaster  subffloboeoB  (oommon  only  in 

this  bed). 
Disooidea  oylindri?a  (only  in  this  bed). 
Paeudodiadema  variolare. 
Goniaater  moaaious  (plentiful j. 
Ophiara? 

Btioploclytia  ausaexienaia. 
Hoploparia,  olawa  of. 
Pecten  BeaTeri. 


Pecten  elonsatua. 

orbicumria. 

Janira  quinquecoatatua. 
Flicatula  aigillina. 

pectinoidea. 

Ptyohodua  decurrens. 

poly^rua. 

Fiah-remaina. 
Ammonitea,  sp. 
Tunilites  ooatatua. 


B€d  VII.  (Grey  Chalk). 

This  bed  is  very  well  marked,  and  forms  a  contrast  to  the  beds 
above  and  below,  and  consists  of  a  yeUowish  gritty  white  chalk. 
In  this  particular  section  it  is  about  4  feet  in  thickness,  and  forms 
the  junction  between  the  grey  and  white  chalk. 

It  is  usually  termed  the  Belemnites-zone,  on  account  of  the  fre- 
quency of  BeUmnites  plenus  in  this  horizon.  This  bed  is  about  170 
feet  above  the  mean  sea-level.  Mr.  Whitaker,  in  the  *  Survey  Me- 
moir,' vol.  iv.  p.  33,  says,  speaking  of  this  bed,  "  Where  it  rises  west 
of  Shakespere's  Cliff  ite  separation  from  bed  VI.  is  not  well  marked ; 
but  farther  west  it  is  clear,  the  white  being  separated  from  the  grey 
by  some  very  thin  yellowish  bands. 

This  bed  forms  the  upper  portion  of  what  M.  Hubert  and  Dr. 
Barrois,  in  the  Pas  de  Calais,  consider  the  zone  of  Belemnites  plenus^ 
^hich  fossil  is  met  with  very  frequently  in  this  bed  ;  but  an  elongated 
form  of  it  occurs  in  the  upper  portion  of  the  bod  below. 

^.  Barrois  ♦  considers  that  Belemnites  plenus  lived  at  the  end  of 

•  *  La  zone.  4  Belemniies  plenus,*  par  0.  Barroia.      Lille:  1875. 
Q.J.G.8.  No.  131.  2  a 
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the  ffohsier-mbghboius  sea-period,  but  was  not  widely  distributed. 
At  tbe  time  of  the  inTasion  of  the  Taronian  sea  the  Upper  Cenomaniaii 
beds  were  more  or  lees  denuded;  and  the  JMemnites jplenus  whieh 
they  contained  were  f  onnd  rolled,  remani^  at  the  base  of  the  Taro- 
nian ;  they  are  yery  abundant  there,  and  form,  without  doubt,  tbe 
zone  of  Belemmtes  plentu  of  M.  H^be^ 

It  will  be  seen  from  my  table  that  this  bed  is  classed  as  the  top 
bed  of  the  Grey  Chalk,  which,  together  with  the  Chalk  Marl  at  Lyd- 
den  Spout,  has  a  thicknefis  of  197  feet,  including  beds  from  I.  to  Vll. 
ffippurites  or  BadioliUs  liortoni  appears  in  this  zone,  and  ext^ids  to 
the  base  of  the  Upper  Chalk.  The  palates  of  Ptychodus  are,  in  this 
band,  of  a  yellow  colour ;  whilst  in  the  other  beds  of  the  Grey  Chalk, 
already  described,  they  are  darker  and  almost  black.  Mr.  Whitaker 
likewise  considers  this  bed  the  top  of  the  Grey  Chalk  or  Chalk  MarL 

There  are  very  few  fossils  in  this  bed ;  the  following  have  been 
met  with : — 


Plicatula  inflata  (which  does  not  go  up 

hig^r). 
Belemnitee  plenuft. 


Ptydiodus  deooirenfl. 
polygynw. 


This  bed  is  the  BdemntUs-pUnus  zone. 

Bed  Vm.  (Lower  Chalk). 

This  bed  is  about  32  feet  thick,  and  consists  of  exceedingly  hard 
gritty  chalk,  made  up  of  comminuted  fragments  of  Inocerami  and 
other  fossils. 

This  bed,  called  the  "  grit  bed,"  is  very  readily  distinguished  fit)m 
the  other  zones,  as  it  may  be  traced  for  a  long  distance  along  the 
difBs  from  Folkestone  to  Dover  above  the  Warren,  standing  out  be- 
yond the  softer  beds  above  and  below.  The  chalk  of  this  bed  is  so 
hard  as  to  turn  the  point  of  the  pick-axe. 

At  the  lower  portion  of  this  bed  Discoidea  mintma  (?)  is  found  in 
large  quantities,  succeeded  by  Echinocanus  subrotundus^  which  is  only 
found  in  that  particular  line  in  this  bed,  it  never  being  met  with 
either  above  or  below  it. 

Ftychodus  decurrem  is  small  in  this  bed,  and  in  the  lower  part  of 
it  is  of  a  light  colour,  as  in  bed  YII. ;  in  the  higher  part  of  Uie  bed 
the  specimens  become  darker  and  larger. 

Beds  Vin.  and  IX.  I  consider  to  be  Lower  Chalk.  They  repre- 
sent the  "Turonien  "  of  D'Orbigny  and  the  InoceramuS'lahiatus  zone 
of  Dr.  Barrois,  with  whose  classification  of  these  beds  I  entirely 
agree,  as  here  in  bed  Till,  the  Inoeeramus  Jabiatus  makes  its  first 
appearance,  continuing  through  bed  IX.  to  the  Upper  Chalk. 

This  bed,  together  with  about  43  feet  of  my  next  bed,  form 
what  Mr.  Drew,  in  Whitaker's  *  Memoir,'  calls  concretionary?  (no- 
dular) chalk. 

A  few  fossils  appear  to  be  peculiar  to  this  bed,  and  they  are 
as  under : — 
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Oidaris  BowerbankiL 
Salenia  granulosa. 
Gardiaster  pygnueus. 
EchinooonuB  subrotundua    (firat   ap- 
pearance). 


Disooidea  minima? 
Bhjnchonella  Ouyieri. 
InooeramuB  labiatus  (first  appearance) . 
Ammonites  (two  specimens). 


The  Salenia  and  Cardtaster  pygmonis  are  rare ;  but  as  the  latter 
is  very  constant,  I  propose  to  caJl  this  the  zone  of  Cardtaster  pyg- 
mosus. 

Bed  IX.  (Lower  Chalk). 

This  bed  is  measured  from  the  top  of  the  "  grit  bed  "  No.  VIII. 
to  the  first  line  of  flints,  the  Upper  Chalk.  It  has  a  thickness  of 
118  feet  at  Lydden  Spout.  Its  texture  is  soft;  and  it  is  rather  a 
yellowish-white  chalk,  not  quite  so  pure  a  white  as  the  Upper 
Chalk.  It  is  full  of  fragments  of  Inoceramus  labiatus.  This  bed  in 
the  lower  75  feet  is  equal  to  Dr.  Barrois's  zone  of  Inoceramus  labi- 
atvSy  and  in  the  upper  75  feet  to  the  Terd>ratulina-gracilis  zone,  in- 
cluding the  previous  bed  in  the  zone. 

The  following  are  some  of  the  fossils  usually  met  with  in  this  ho- 
rizon. 


Terebratula  semiglobosa. 

Inooeramus  labiatus. 

—  Cuvieri. 

Peoten,  sp. 

Beryx. 

Macropoma. 

PtTchodus  decorrens. 


Ventriculites. 

Brachiolitee  quadrangularis. 
Biscoidea  minima? 
Ooniaster  xnosaicus. 
Echinoconns  globulus. 

sulm>tundus. 

(?n^osoma  simplex. 

Terebratulina  gracilis  (yery  common). 

Tliis  zone  is  to  be  considered  the  horizon  of  Echinoeantts  stdn'otun* 
dus  and  TerehratuUna  gracUis. 

It  b  somewhat  remarkable  that  most  of  these  zones  are  the  habi- 
tats of  peculiar  and  restricted  forms  of  Echinodermata ;  but  two  out 
of  the  nine  heds  have  no  distinotiye  Urchin. 

They  may  he  enumerated  as  follows : — 

DL  Eehinocanus  subrotundus. 
Vin.  CardioMter  pygmaw, 
VII. 

VI.  Holaaier  subglobo8U3. 
V.  HemiasUr  Marrisii  and  Peltastes  c!athra/us. 
TV. 

in.  JHscoidea  subuculum, 
II.  Holaster  Utvis. 
I.  Pieudodiadema,  sp. 

The  exception  is  No.  VII.,  which  is  the  Belemmtes-pUnus 
wme,  and  bed  IV.,  where  RaduHiUs  Mortoni  is  only  found.  Bed  I. 
certfidnly  contains  a  Pseudodiadema ;  but  that  is  probably  P.  variolare^ 
common  to  several  of  the  higher  beds. 

Before  concluding  this  paper,  I  take  the  opportunity  of  thanking 
Mr.  Jukes-Browne,  Dr.  Earrois,  and  others  who  have  rendered  me 
MQstance. 

2q2 
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1 


List  of  jPbsnZf. 


Chalk 
Marl 


L  n. 


Ghrey  Chalk. 


in.  IV.  ?.  VI,  vn 


Lower 

Chalk. 


VULiEL 


Amobphosoa. 

Stauronema  Carteri,  Solku 

lobata,  SoUas    

Hylospongia,  sp.,  iSSoAos    

VentnculiteB  , 

Brachiolites  quadrangularis.  Smith... 
Ploooflcjphia  inaBandrina,Z«^m.(T.  com.) 
Dendroapongia  fenestralis  (oommoil) 


ZOOPHTTA. 

Miorahada  ooroniila,  Goldf,, 


BUDIffTES. 

Badiolitea  Mortoni,  Mawt,  (rare) 

CiRRIPKDIA. 

Pollidpes  glaber,  Romer  (rare)    .. 


ECHINODERIIATA. 

Cidaris  Bowerbankii,  Forbes 

—  disauniliB,  Forbes 

—  Tesioulosa,  Goldf. 

Cardiaater  pygmaniB,  Forbes  (rare)  .. 

Cjphoeoina  nniplex,  Forbes , 

Disooidea  oylinorioa,  Lam , 

minima  ?  2>0M>r 

subuoulum,  KUin 

Epiaster  crassiflsimus,  2^  Or6 

EchinooonuB  globulus,  i>0M>r   

subrotundus,  Afani,  (common) 

GoniaBidr  moMicoB,  Forbes 


,Bp. 


Hemiaster  Morriaii,  For^ 
Holaster  Ifieria,  4^.,Tar.  nodulosiis(oom.) 
-,  Tar.  treoenais 


—  Bubglobosufl,  IHxoH  (common). , 

Ophiura?   

Peltaatee  clathratus,  Jg 

Pseudodiadema  omatum,  GoU(f. 

yariolare,  .4^ 

—I  Bp 

—I  Bp 

Salenia  Clarkii,  Forbes 

granulon  (rare)   

Ahnelida. 

Serpula  annulata  

f  sp 

Vermioularia  umbonata,  Sow,  ..  
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List  of  Foesilfi  (continued). 


Ohalk 
MarL 


Obustacsa. 
Enoploclffcia  susseziensis  ?  MaiU, 

Hoploparia,  sp 

Palcega  Carteri,  Woodward  (rare) 

Braohiopoda. 

Kingena  lima,  D'Orft 

Rhynchonella  CuTieri,  I^Orb. 

Qnauaiti,J/Orb 

MantftUiana,  Sow 

Martiiii,  Afani 

ep. 


Terebratula  biplicata,  Soto 

—  obeaa.  Sow.    

—  aemigloboea.  Sow 

—  Bquamosa,  Mant.  (oommon)    

TerebratuliDa  rigida,  Schlot,  (oommon) 

—  striata,  fTdW 

gracilis,  Sch/ot 


Lambllibranchuta. 
(Monamyaria,) 

Ancula  grjphsoides,  Soto 

Bzogyra  hauotoidea,  Soto 

InooeramuB  oonoentricuB,  Park 

-  OoTieri,  Soto 

labiataa,  ScJUot.  (oommon) 

striatus,  Mant.  (oommon)   

Janira  quadrioostata,  Soto,  (rare)   .... 

quinquecostata,  Soio 

lima  aspera,  3fo«i^.  (rare)   

globosa,  Soto 

parallela,  Soto 

.ip 

Oetrea  frons,  and  yar.  carinata.  Park, 

Normaniana,  Z>'0r6 , 

Bauliniana,  i>'0r6 

Tesioularis,  ZfOm 

PecAen  BeaTeri,  Soto 

campanensis,  27  Or6 

elongatufl,  Zam 

-  laminosuBand  Tar.  orbioulariB,Soto. 
-BaulinianuB?  2/ Or6 


-.sp.. 


Plicatula  inflata=pectinoidee,  Soto. 

sieillina,  Woodward 

Spondyius  DutempleanuB,  UOrb.    . 
latuB,  Soto 


(Dimyaria.) 

Area  fibrosa,  Soto 

nana,  IT  Or6 


IL 


Grey  Ohalk. 


in.IV.V.VI.  VIL 


Lower 
Obalk. 


vin. 


IX. 


L) 
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List  of  Fo68il8  (oontinuedy 


Chalk 
MarL 


H 


Grey  Chalk. 


in.iv. 


Lower 

Chalk. 


VI. 


vn.ivnLn. 


Area  carinata,  5otr 

Cardita  t^uuicostata,  Sow 

—  sp. ., 

Xucula  pcctinata,  Sow 

Panopiea,  sp 

Mjtilus,  sp.  nov 

Pholadomya  decussata,  Phii 

Gasteropoda. 

Omithopus  oligochila,  Gardn 

pachysoma,  Gardn ' 

Aporrhais  MnntcUi,  Gardn ' 

Cerithium  Lallierianuui,  P,  ^-  C, 

—  trimonile,  D'Orb. ., 

Dimorphosoma  doratochila,  Gardn, 

—  opeatochila.  Gardn 

qmthochila,  Gardn 

Dental ium  luedium,  Sow .... 

Eiunrginiila  Gresslyi,  P,  ^-  C 

Pusu9,  sp 

Nntiea,  sp 

Plcurotomaria  perqwctiva,  Mani.  ... 


Rostellaria  Prieei,  Woodward  (v.  rare) 

Scalaria  Dupiniana,  UOrb ! 

Solarium,  Bp I 

Tiirbi>  Tribt^eti,  P.  4'  C,   I 

Turritclla,  sp 

Voluta  semiplicata 


:::i. 


CEPIIAXOrODA. 

Ammonites  ccnomanensis,  D'Orb. 

Coupci,  Brongn 

faleatus,  Mant 

lewesiensis 

Maiitolli,  ^>?/'.  (common)     I...|  # 

— —  nnvic'iilaris,  3/rtw/' L.J  « 

nolhus,  yar.  Mautt'lli  ? L..!  # 

rhotomagt'iL'tis,  D' Orh .,.'..-!  . . . 

—  variansf,  ^'ow.  (common)  

,  sp , . .  J 

—  sp !, 

—  sp-  I 

—  ep '. 

,  sp.  (with  long  tubercles).... '. 

Ancyloceras j. 

Belemnites  plenus  {De  Blainv.)    I. 

plenus,  var \. 

Nautilus  Be^ongehampsianus,  I/Orb,    j. 

—  elegans,  Soiv I, 


"\ 


I. 


,  sp !# 

pseudo-elegans,  D'Orb I... 

IcaphitcB  icqualis,  Sow # 
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Lififc  of  FoBsiLs  (continued). 


Chalk 
Marl 


I.  n. 


Turrilites  ooetatus,  Xom.  .... 

—  Soheuohxerianui,  JBoao,, 

—  tuberoalatuB,  Base 


F1BCS8. 


BeT3rx,  sp 

Oorax  heterodon=falcatuB,  A^. 

Bdaphodon,8p f. 

Isohyodus,  sp 

Lamnat  sp*  ...•• 

subulata,  Aff 

Macropoma,  sp 

NotidanuB  microdon,  Aff 

Oxyibina  Mantelli,  ^ 

Piaodua,  sp 

Ptychodus  decurrens,  Aff 


pol  vgyros,  £^. 
SanrooepnaliiB  landf ormis,  Harlan  . 
Ooprolites,  yertebns,  &o 


Bbftilu. 
Afianthopholis  horridus,  Huxley .... 
Ichthyoflauruflcampylodon,  Carter . 

Wood  


Orey  Chalk. 


ra.  IV  .vi.VL  vn. 


vin.iix. 


Lower 

Chalk. 


Jh,  Barroia,    LFl  G,  H,  JPrMa  JHvmoMond  Zone9\J)rew,mM9m. 

of  Whitaker, 


Upper  Chalk. 


! 


Craiemameuse  f 
k  T.  gracilis,  < 
about  76  ft.     I 
Craie  nodn-    | 
lease  k  /.  labi"  \ 
a^75feet.    [ 
B.-plenus  zone 
proper  =  Zone 
/    kB.plenus  - 
(craie  com-* 
pacte). 
Craie  argUense 
aTecbaacsdors 
kJL  rhotomch 
gtnm. 

Zone  k 

AsmnamUa 

ffttrians. 

Craie  mar- 

neose  k  P.  ma* 

andrina. 

Mamesa-     / 

blease^sone 

ofiVc^ajp^r, 

orWarminster 

beds. 


EL 


vin. 


g  ^  r4  Zone  of  Echkto- 
I  i:  I  canuB  subrotundus 
^^%  and  Terebrattdina 
|:|  o  gracilis^  118  feet.    ^ 
?  I  C ^^'^  ofCardiaster  f 
-*  ^  F  fjigmmbi,  32  feet  \ 


vn. 


VI, 


V. 
IV 

In.; 


Zone  of  Belemniies      ( 
plenuSt  4  feet.         \ 


2  Zone  o{  HolasUr  aubglo- 
^       bosus,  148  feet. 


2  feet  9  inches. 


Concretion- 
ary (?^  no- 
dular cnalk, 

73  feet. 

Soft  bed  of  6 

feet,  with 

Belemniies, 

Whitaker, 

p.  33. 

}-Whitechalk 

without 

flints,138flb. 


11  feet.  Zone  of  A.  rAo-J 

iomagenm 

Sjfeet.    and  twrian^. 


n. 
I. 


aOfeet.  Zone  of 
f  Hoooscvphia 


14  feet. 
Zone  of  Stauronema  Carieri, 


Upper  Qault. 


Chalk  marl 

(thickn( 

0  not  giren), 

say  about 

30  feet. 


iror^ 

hiffny. 


S 
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DlBCUSSlOK. 

Mr.  Whitakxb  said  that  it  ^as  more  than  thirteen  years  since 
he  examined  the  Dover  section,  and  then  these  palssontological 
xpnes  had  not  been  invented ;  Mr.  Drew's  note  on  Lydden  Spout 
was  written  some  years  earlier.  He  was  glad  that  Mr.  Price  divided 
the  Grey  Chalk  and  Chalk  Marl  as  he  had  himself  suggested  in  a 
paper  on  the  Chalk  of  Beachy  Head  read  before  the  Society,  and 
published  in  the  Geological  Magazine.  He  had  been  unaUe  to  find 
the  Chalk  Book ;  and  Mr.  Price  had  not  met  with  it ;  in  &ot  it  does 
not  exist  here  as  it  does  on  the  northern  side  of  the  London  Basin, 
where  it  occurs  between  the  Upper  and  Lower  Chalk.  He  objected 
to  the  term  Chloritic  Marl,  which  is  nowhere  satisiactorily  defined : 
in  one  place  this  name  is  given  to  Upper  Greensand^  in  another 
to  the  bed  forming  the  base  of  the  Chdk.  It  has  not  only  been 
thus  applied  to  different  deposits,  but  is  itself  a  misnomer,  inasmuch 
as  it  contains  no  chlorite,  the  green  grains  being  glauconite.  He 
was  glad  to  see  that  the  term  was  not  employed  by  Mr.  Price.  With 
r^ard  to  the  "  Zone  of  AmmoniUs  varians"  spoken  of  by  Mr.  Price, 
he  inquired  to  which  of  the  beds  III.,  IV.,  and  V.  the  term  was 
applied,  or  whether  it  applied  to  all  of  them.  He  regarded  the  Tot*- 
ternhoe  Stone,  in  which  that  species  was  plentifiil,  as  the  top  of  the 
Chalk  MarL  The  Burwell  stone,  which  he  had  not  seen,  was  per- 
haps the  same  bed.  While  the  zonification  of  the  Chalk  and  of  other 
deposits  was  very  valuable  when  applied  to  particular  sections,  its 
application  to  great  inland  stretches  of  country  without  continuous 
sections,  when  the  structure  of  the  deposits  could  be  seen  only  in 
occasional  pits,  was  by  no  means  so  safe.  In  every  case,  however, 
it  was  very  necessary  to  be  exact  with  respect  to  the  place  of  occur- 
renee  of  fossils. 

Prof.  Seblet  remarked  that  points  of  great  interest  were  raised  in 
both  Mr.  Price's  and  Mr.  Jukes's  papers.  The  former  paper  was  an 
attempt  to  give  us  the  palaeontological  divisions,  from  a  French  point 
of  view,  side  by  sidewith  stratigraphical  divisions ;  but  he  thought  that 
we  ought  to  try  to  correlate  the  Folkestone  section  with  other  English 
sections  before  crossing  the  Channel.  Some  beds,  wanting  here,  are 
no  doubt  present  in  other  sections.  With  regard  to  Mr.  Jukes- Browne's 
paper,  he  thought  that  the  introductory  part  called  for  no  remarks, 
as  it  treated  of  matters  which  every  palaeontologist  must  have  long 
ago  settled  in  his  own  mind.  In  the  latter  part  Mr.  Jukes-Browne 
adduces  fresh  evidence  in  support  of  certain  views  which  he  brought 
before  the  Society  some  time  ago,  and  from  which  Prof.  Seeley, 
from  his  own  investigations  of  the  ground,  dissented  at  the  time. 
He  thought  that  Mr.  Jukes-Browne  had  completely  mistaken  the 
sequence  of  the  beds,  and  that  what  he  regarded-as  a  vertical  suc- 
cession in  his  Buckinghamshire  section  was  really  a  horizontal 
succession.  The  essential  point  of  his  paper  was  to  prove  that  the 
bed  commonly  called  Upper  Greensand,  near  Cambridge,  lay  un- 
conformably  upon  the  Gault ;  and  he  thought  that  the  fauna  of  the 
Gault  went  into  that  of  the  Upper  Greensand;  but  his  information 
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was  mainly  deriyed  from  coprolite-diggera,  and  was  not  trnstworthy. 
In  Prof.  Seeley's  opinion,  the  differences  in  the  deposits  which  had 
led  Mr.  Jokes-Browne  astray  were  due  to  relative  distance  from  the 
land  which  furnished  the  materials  of  the  deposits ;  and  he  stated 
that  his  opinion  was  founded  upon  a  careful  consideration  of  heds 
both  abore  and  below.  Beds  in  the  Gault  contain  phosphatic  nodules 
similar  to  those  of  the  Cambridge  Greensand ;  and  in  both  forma- 
tions these  have  been  rolled  and  washed  about  near  a  shore,  and 
are  not  in  either  case  derived.  What  are  supposed  to  be  Chalk- 
Marl  fossils  peculiar  to  the  deposit  are  the  species  which  lived  in 
deeper  water ;  what  are  supposed  to  be  derivative  Gault  fossils  are 
the  species  of  the  Laminarian  zone,  which,  when  mineralized  with 
phosphate  of  lime,  were  rolled  down  into  deep  water  and  mixed  with 
the  others. 

Bev.  J.  F.  Blaks  remarked,  with  regard  to  Mr.  Price's  paper,  that 
he  was  glad  to  see  an  English  geologist  taking  up  the  paLaeontologi- 
cal  or  zonal  investigation  of  our  Chalk ;  but  he  deprecated  the  dis- 
crimination of  so  many  zones  in  this  series,  and  expressed  grave 
doubts  whether  so  minute  a  classification  could  be  at  all  widely 
applied.  In  reply  to  Prof.  Seeley's  remarks  on  Mr.  Jukes- Browne's 
paper,  he  urged  tiiat  if  phosphatic  nodules  are  found  in  the  Gault, 
this  was  another  argument  in  favour  of  the  view  that  those  of  the 
so-called  Cambridge  Greensand  had  been  washed  out  of  the  earlier 
formation. 

Mr.  Meter  said  that  he  was  well  acquainted  with  the  Dover  sec- 
tion, which  he  had  carefully  measured,  and  he  agreed  with  Mr.  Price 
as  to  the  absence  of  the  Upper  Greensand  in  these  sections.  He 
added  that  the  Chloritic  Marl,  although  a  very  thin  bed,  is  a  reality, 
and  exceedingly  rich  in  fossilt).  He  agreed  with  Mr.  Jukes-Browne 
in  thinking  that  there  was  a  great  hreik  between  the  Gault  and  the 
Chalk  Marl  in  the  Cambridge  section. 

Mr.  J.  F.  Walker  maintained  that  most  of  the  fossils  in  the  Cam- 
bridge beds  are  derived ;  the  bed  is  of  the  age  of  the  Chalk  Marl, 
and  varies  in  character  owing  to  the  mixture  of  Gault  Clay 
with  it.  Some  of  the  Reptiles  may  be  of  Upper-Greensand  age, 
having  lived  on  mud  banks  during  the  process  of  the  denudation  of 
the  Gault. 

Mr.  H.  B.  Woodward  inquired  whether  we  might  not  Intimately 
consider  the  question  of  the  Chalk  conditions  having  come  on  earlier 
in  the  east  of  England  than  in  the  west.  He  mentioned  that  in  the 
western  counties  we  have  evidence  of  shallow-water  conditions  in 
the  lower  beds  of  the  Chalk,  while  the  Upper  Chalk,  as  Mr.  Whitaker 
had  pointed  out,  overlapped  the  Lower.  He  stated  also  that  both 
ffolaster  subglobosus  and  Ammofiites  rhotomagensis  occur  in  the 
Chloritic  Marl  of  the  west. 

Mr.  Whitaker  defended  Mr.  Jukes-Browne's  views,  from  his  own 

observations  of  the  country ;  and  stated  that  Mr.  Jukes-Browne  had 

not  got  all  his  information  from  coprolite- workers,  but  to  a  very 

large  extent  from  personal  observation. 

Mr.  Price  said  that  the  general  concurrence  of  the  speakers  left 
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him  little  to  say  in  reply.  For  the  zone  of  Amm.  rhotomagoMy  it 
would  be  better  to  adopt  the  name  of  <^  Zone  of  Amm.  variansJ* 
Professor  Seeley  urged  the  correlation  with  other  English  beds ;  but 
that  Mr.  Price  could  not  attempt ;  he  had  therefore  confined  him- 
self to  the  Folkestone  section  and  the  French  beds.  He  agreed 
with  Mr.  Jukes-Browne  in  his  division  of  the  beds  in  C^mbiidge- 
shire,  where,  he  thought,  the  coprolite-beds  are  the  equivalentB  of 
part  of  the  Chalk  Marl  and  a  laige  part  of  the  Upper  Oaolt 
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22.  On  certain  Akcibnt  Dbvitbifi  bd  PircHSTomas  and  Pbrlites  from 

the  L0W£B  SiLUBIAN  DlSTBICT  of  ShBOPBHTBB.      By  8.  AlXPOKT, 

Esq.,  F.G.S.    (Read  May  23,  1877.) 
[Plate  XX.] 

I. 

The  principal  object  of  the  present  communication  is  twofold : — in 
the  first  place,  to  bring  under  the  notice  of  the  Society  the  occurrence 
in  Shropshire  of  an  extremely  interesting  series  of  ancient  yitreous 
and  semiTitreous  lavas,  with  their  associated  agglomerates  and 
aBhes ;  and  in  the  second,  to  show,  from  an  examination  of  their 
structure  and  composition,  that  originaUy  they  were  absolutely 
identical  with  some  of  the  glassy  Tolcanic  rocks  ejected  during  the 
most  recent  geological  periods. 

In  a  previous  paper  (published  in  vol.  xxx.  pp.  529-667,  of  the 
Quarterly  Journal)  I  arrived  at  the  same  result  as  to  the  identity  of 
ancient  and  recent  volcanic  products,  from  an  investigation  restricted 
to  the  basic  group  of  rocks ;  and  I  am  now  enabled  to  show  that 
those  of  the  acid  type  afford  equally  strong  evidence  in  the  same 
direction. 

The  discovery  of  several  highly  characteristic  varieties  of  glassy 
rocks  and  volcanic  ashes  of  Palaeozoic  age  is,  I  think,  a  matter  of 
considerable  interest  from  a  petrological  point  of  view,  more  espe- 
cially as  their  mode  of  occurrence  and  their  relations  to  the  sur- 
rounding strata  afford  the  clearest  evidence  that  the  geological 
structure  of  a  part  of  the  district  in  which  they  occur  has  hitherto 
been  misunderstood. 

On  Sheet  61  of  the  Geological-Survey  map  a  band  of  "  green- 
stone" is  represented  as  constituting  the  axis  of  the  somewhat 
irregular  narrow  ridge  of  which  Ercal  Hill  and  the  Wrekin  form  the 
greater  portion.  It  commences  half  a  mile  south  of  Wellington,  and 
extends  in  a  south-westerly  direction  to  a  distance  of  two  miles  and 
three  quarters.  At  two  points  not  far  from  each  other  the  ridge  is 
cut  through  by  deep  and  narrow  gorges,  which  traverse  it  from 
south-east  to  north-west,  or  at  right  angles  to  its  general  direction. 
The  isolated  hiU  thus  formed  by  the  two  ravines  is  locally  known  as 
Lawrence  Hill,  and  is  indicated  though  not  named  on  the  map. 

At  a  short  distance  to  the  west  there  is  laid  down  a  still  larger 
mass  of  "  greenstone,"  which  extends  from  the  vicinity  of  Wrock- 
wardine  as  far  as  Uppington,  and  forms  a  low  ridge  parallel  to  that 
of  the  Wrekin. 

With  the  exception  of  some  thick  beds  of  indurated  ashes  which 
occur  in  the  Wrekin  and  Lawrence  Hill,  the  principal  rock-masses 
are  of  similar  character  in  both  ridges ;  and  a  slight  examination 
with  a  lens  would  suffice  to  show  any  petrologist  that  the  term  green- 
stone is  the  most  inappropriate  that  could  possibly  be  applied  to  them. 
They  all  belong  to  a  highly  acid  type,  and  have  not  the  slightest 
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rasemUmnoe  whatever  to  greenstone  or  any  other  rock  of  the  haaic 
series.  In  a  large  qoany  at  the  south  end  of  Lawrence  Hill  thick 
heds  of  volcanic  ash  are  seen  dipjung  in  a  northerly  direction,  at  an 
an^  of  55^.  like  all  the  rocks  of  the  range,  they  have  been  greatly 
distorbed  and  fractured ;  but  the  strike  of  the  beds  is  clearly  across 
tiie  ridge.  They  here  oonsiBt  of  several  alternations  of  coarse  and 
fine  material,  the  whole  of  which  have  been  highly  indurated  and 
otherwise  altered.  These  beds  are  covered  by  masses  of  altered  pitch- 
aUmes  and  felsites,  which  are  well  exposed  on  tiie  eonih  slope  of  the 
hUl,  on  its  ste^  northern  hcey  and  also  on  the  opposite  crags  of  Ereal 
Hill,  Betuming  southwards  to  the  narrow  ravine  which  separates 
Lawrence  Hill  from  the  Wrekin  proper,  the  ash-beds  are  again 
exposed  in  the  precipitous  face  of  the  latter ;  the  bedding  is  here 
massive  or  obliterated,  althou^di  the  fragmental  character  of  ^e 
rode  is  still  perfectly  distinct.  Further  southwards,  along  the 
summit  of  the  ridge,  beds  of  the  coarser  ash  are  again  seen,  and  may 
be  traced  at  intervals  for  a  distance  of  more  than  six  hundred 
yards.  From  this  point  to  the  south-western  termination  of  the 
ndge  there  are  comparatively  few  exposures  of  rock;  and  these 
consist  of  compact  reddish-brown  felsite  or  altered  pitchstone— -the 
compact  fd$par  of  Murchison  and  others. 

On  the  summit  of  the  ridge,  at  a  short  distance  to  the  north  of 
the  wood,  there  is  a  slight  rounded  elevation  formed  by  a  mass  of 
altered  dolerite,  which  appears  to  be  intrusive ;  and  in  the  quarry 
at  the  south  end  of  Lawrence  Hill  there  are  two  dykes :  one,  on  the 
east  side,  is  12  ft.  wide ;  the  other  is  14  ft.  at  bottom,  cuts  through 
the  lower  ash-beds,  then  bifurcates,  and  the  two  diverging  branches 
rise  through  the  upper  beds  to  the  surface.  The  rock  forming  both 
dykes  is  a  highly  altered  basalt. 

It  is  evident,  therefore,  from  an  examination  of  this  part  of  the 
ridge,  that  the  axis  is  not  formed  by  a  continuous  band  of  green- 
stone, as  hitherto  represented,  but  that  in  reality  it  here  consists  of 
an  extensive  series  of  regularly  stratified  agglomerates  and  ashes 
alternating  with  amorphous  masses  of  altered  pitchstones  or  felsites. 

The  general  strike  of  the  surrounding  strata  is  north-east ;  and  the 
central  ridge  is  fianked  by  masses  of  quartzite,  which  are  laid  down 
on  the  map  as  Caradoc  Sandstone,  altered  by  the  supposed  intrusive 
greenstone.  Whether  these  rooks  be  altered  Caradoc  strata  or  not, 
they  are  clearly  unconformable  to  the  stratified  ash-beds  of  the 
ridge  ;  and  I  think  there  is  some  reason  to  believe  that  the  latter 
belong  to  the  older  contemporaneous  volcanic  series  so  extensively 
developed  in  the  Lower-Silurian  district  of  Salop  and  Radnor. 

The  mass  of  trap  lying  to  the  west  of  Wellington  and  the  Wrekin 
is  a  hard  rock  which  has  suffered  less  from  denudation  than  the  soft 
Triassio  sandstones  by  which  it  is  surrounded ;  it  forms  a  low  hilly 
tract,  usually  presenting  rounded  or  flat  surfaces,  on  which  several 
large  boulders  of  granite  and  felstone  have  been  stranded.  These 
erratics  appear  to  be  quite  similar  in  character  to  those  forming  the 
well-known  and  far  more  numerous  group  just  north  of  Wolver- 
hampton.    With  the  exception  of  some  portions  at  the  southern  end 
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of  the  mass,  the  rock  appears  to  present  the  same  general  characters 
throughout,  specimens  from  the  northern  end  being  quite  similar  to 
some^of  those  collected  at  the  opposite  extremity.  It  is  for  the  most 
XWirt  a  hard  compact  rock  of  dark  red  or  hrowu  coloor,  and  is  the 
comjpact  felspar  and  homstone  of  Murchison,  who  also  refers  to  one 
variety  as  a  porphyritio  clinkstone. 

In  order  to  show  clearly  the  true  character  and  structure  of  these 
rocks,  it  will  he  necessary,  in  the  first  place,  to  give  a  short  account 
of  their  recent  analogues ;  as  rocks  of  this  peculiar  type  are  by  no 
means  of  wide  distribution,  and  some  of  them  haye  not  been  previ- 
ously obserred  in  these  islands. 

II.  Stbuctubb  of  MoDEBiT  Pebutes. 

Perlite,  spherulitic  perlite,  perlitic  pitchstone,  and  perlitic  obsidian 
belong,  as  is  well  known,  to  the  glassy  group  of  acid  rocks,  their 
average  amount  of  siHca  being  at  least  70  per  cent.  In  typical  un- 
altered specimens  the  mass  consists  of  a  true  glass  which  has  no 
action  on  polarized  light. 

The  spheroidal  and  ellipsoidal  balls  by  which  perlite  is  chiefly  cha- 
racterized have  been  described  by  Zirkel*,  Bosenbuschf,  and 
Lassaulx  t  as  consisting  of  concentric  lamin®  arranged  like  the  coats 
of  an  onion — a  comparison  which  may,  I  think,  possibly  lead  to 
erroneous  ideas  as  to  their  real  character ;  for  however  dose  may  be 
the  resemblance,  as  seen  in  thin  sections,  there  is  no  real  analogy 
between  the  structure  of  these  perlitic  spheroids  and  that  of  a  tuni- 
cated  bulb  built  up  of  broad  scales  which  surround  each  other  in  a 
concentric  manner. 

An  examination  of  typical  specimens  firom  the  old  volcanic  districts 
of  Schemnitz  in  Hungary,  Meissen  in  Saxony,  and  Cabo  de  Qata  on 
the  south  coast  of  Spain  shows  that  the  spheroids  have  not  been 
formed  by  the  superposition  of  successive  laminae :  they  are  not  con- 
cretions in  any  sense  of  the  term  ;  nor  is  there  any  thing  about  them 
suggestive  of  any  process  of  progressive  construction.  When  a  rather 
thick  section  is  examined  under  a  low  power  of  the  microscope,  it  is 
at  once  seen  that  the  little  spheroidal  balls  are  merely  portions  of  the 
homogeneous  glass  which  have  been  partially  separated  from  the 
general  mass  by  the  formation  of  a  nuniber  of  small  curved  planes 
of  fracture  ;  these  are  more  or  less  concentric  with  each  other,  but 
vary  greatly  in  size,  and  are  insularly  disposed  in  various  directions 
round  the  centre.  As  these  curved  planes  he  at  various  depths  in 
the  section,  some  of  them  appear  with  a  convex  or  concave  surface, 
according  as  the  slice  happens  to  cut  through  the  upper  or  lower  half 
of  a  spheroid.  Such  being  the  general  arrangement,  the  lines  seldom 
form  closed  curves  when  seen  in  thin  sections.  That  these  lines  and 
curved  planes  are  really  fine  cracks  is  clearly  shown  by  the  way  in 
which  they  are  frequently  filled  more  or  less  completely  by  the  in- 

*  Mikrofloop.  Besohaff.  der  Mineriilien  und  Gesteine,  p.  365. 
t  Mikroecop.  PhjBiographie,  p.  124. 
X  Elemente  der  Petrographie,  p.  221. 
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filtration  of  foreign  matter  in  solution ;  and  Uiat  they  were  caused  by 
the  strain  prodaced  during  contraction  of  the  brittle  glass  is  rendered 
evident  hy  such  examples  as  the  following,  in  which  may  be  traced 
nearly  eyery  gradation  between  long  rectilinear  fissures  or  joints  and 
those  forming  the  typical  perlitic  structure.  Fig.  1  (PL  XX.)  repre- 
sents the  arrangement  observed  in  a  section  of  perlitic  pitchstone  from 
near  Meissen.  Several  roughly  parallel  joints  divide  the  glass  into 
small  columns  ;  and  these  are  again  traversed  by  cross  joints,  whi<^ 
thus  form  minute  rectangular  blocks.  In  the  central  one  (a)  a 
spheroid  is  formed  by  four  curved  lines,  which  clearly  branch  off 
from  the  lateral  joints,  and  round  off  the  comers  of  the  rectangle. 
In  the  upper  compartment  there  are  three  distinct  spheroids ;  and  in 
the  lower  one  there  are  two  of  irregular  shape.  Fig.  2  is  from 
another  part  of  the  same  slice.  In  fig.  3  the  formation  differs  in  this 
respect,  that  in  both  columns  several  spheroids  are  piled  one  on  the 
other  without  any  intervening  cross  joints.  In  a  t3rpicaJ  perlite  from 
Cabo  de  Gata  in  Granada,  there  are  numerous  large  spheroids,  in  which 
many  of  smaller  dimensions  are  enclosed  (see  ^g,  4).  In  nearly  all 
the  specimens  examined  the  glass  is  divided  into  areas  of  various 
sizes  and  forms  by  a  number  of  parallel  or  diverging  straight  lines 
(joints),  the  intervening  spaces  being  frequently  crowded  with  sphe- 
roids, many  of  which  are  flattened  against  each  other  (see  fig.  5, 
PI.  XX.). 

An  examination  of  alji  the  facts  leads  to  the  conclusion  that  the 
perlitic  texture  is  purely  a  phenomenon  of  contraction ;  and  I  quite 
agree  with  Mr.  Rutley*  that  the  explanation  of  the  spheroidal 
structure  in  basalt  recently  laid  before  the  Society  by  the  Rev.  T.  G. 
Bonney  t  is  a  closely  parallel  case.  There  is,  however,  this  differ- 
ence— that,  in  the  case  of  basalt,  the  comparatively  tough  tex- 
ture produced  by  the  interlacing  of  its  crystalline  constituents  would 
enable  it  to  resist  the  actual  fracture  so  frequently  exhibited  by  the 
more  brittle  perlites. 

The  perlites  and  other  vitreous  rocks  usually  contain  numerous 
minute  microliths,  which  have  been  described  by  Zirkel  under  the 
names  of  belonites  and  trichites ;  their  mode  of  occurrence  and  re- 
lation to  the  superinduced  spheroidal  (perlitic)  structure  deserve 
special  attention. 

The  belonites  are  minute  translucent  prisms,  either  colourless  or 
of  pale  yellow  or  greenish  shades  ;  they  occur  in  immense  numbers, 
and  are  frequently  crowded  together  in  stream-like  bands,  with  their 
long  axes  lying  in  one  general  direction.  Whenever  a  stream 
encounters  any  small  crystal  of  felspar,  quartz,  or  mica  imbedded  in 
the  mass,  the  belonites  are  invariably  diverted  from  their  course  and 
bend  round  it,  their  axes  lying  parallel  with  its  sides.  Their 
relation  to  the  perlitic  spheroids,  however,  is  totally  different; 
for  instead  of  winding  round  them,  they  continue  their  course 
uninterruptedly  through  and  across  them  (see  fig.  8).     It  becomes 

*  '  *  On  some  Structures  in  Obsidian,"  &c.,  read  before  the  Royal  Mioroecopical 
Society,  March  1876. 
t  Quart.  Joum.  GuoL  Soc.  vol.  zxsiL  p.  140. 
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eTident,  therefore,  that  this  so-called  fluidal  structure  may  be 
explained  as  the  result  of  movements  imparted  to  a  mass  composed 
of  solid  crystals  and  a  viscid  base — and,  on  the  other  hand,  that  the 
perlitic  spheroids  must  have  been  formed  subsequently  to  the 
solidification  of  the  entire  mass. 

The  trichites  are  extremely  minute  and  slender  hair-like  crystals, 
either  straight  or  bent  and  twisted  into  most  irregular  curved  and 
even  zigzag  forms.  They  are  usually  black  and  opaque,  but  when 
partially  decomposed  appear  of  a  reddish-brown  colour. 

Spherulites  also  frequently  occur  in  glassy  rocks.  They  are 
globular  in  form,  though  quite  distinct  in  character  from  the  perlitic 
balb  or  spheroids,  witib  which,  however,  they  are  not  unfirequently 
associated.  They  are  seldom  very  translucent,  even  in  quite  thin 
sections,  but  invariably  polarize  light,  and  exhibit  a  fine  fibrous 
radial  structure.     They  will  be  more  fully  described  in  the  sequel. 

These  semicrystalline  bodies  were  evidently  the  last  substances 
formed  prior  to  the  solidification  of  the  mass  ;  for  not  only  are  the 
more  perfectly  crystallized  constituents  (felspar,  mica,  &c.)  enclosed 
in  them,  but  even  the  streams  of  microliths  also  occasionally  pass 
staraight  through  them — a  fact  which  appears  to  have  escaped  the 
notice  of  previous  observers.  As  regiuds  the  general  order  of 
formation,  the  evidence  seems  therefore  to  indicate  that  crystals  of 
felspar,  mica,  quartz,  &c.  were  enclosed  in  a  viscous  glassy  magma, 
which  was  also  crowded  with  innumerable  microliths ;  before  the 
mass  solidified,  the  fluidal  structure  was  imparted  to  it ;  and  subse- 
quently, during  solidification,  the  radiating  spherulites  were  formed, 
without  disturbing  the  previous  arrangement  of  the  microliths*. 

The  characters  just  -  described  are  extremely  well  shown  by  a 
single  group  of  minerals  in  a  section  of  one  of  the  Kremnitz  perlites 
(see  ^,  7).  Fibrous  spherulites  are  here  seen  to  be  traversed  by 
streams  of  microliths,  and  also  to  be  penetrated  by  plates  of  mica  and 
crystals  of  felspar.  In  the  figure,  one  end  of  a  plate  of  brown  mica  is 
enclosed  in  a  spherulite,  while  the  opposite  end  penetrates  a  crystal 
of  orthoclase ;  the  latter  interferes  with  an  adjacent  spherulite,  which 
is  partly  formed  round  it  on  the  left  side,  and  a  partially  included 
plate  of  mica  projects  from  it  on  the  right.  It  will  also  be  seen  that 
the  streams  of  microliths  invariably  flow  round  all  the  crystals, 
whether  large  or  small. 

Having  sketched  the  most  prominent  features  of  comparatively 
recent  perlitic  and  spherulitic  rocks,  I  will  now  describe  a  few  of 
their  ancient  prototypes. 


ni.   STRTTCrtmE  OF  AWCIBHT  SpflfiatJtlTlC  PiTCttSTONES  AKl)  PEKLTTM. 

As  previously  observed,  the  principal  rock- masses  in  the  two 
parallel  ridges  near  Wellington  present  the  same  general  characters: 

*  I  recently  described  the  occurrence  of  An  analogous  case  of  crj-stallization 
without  distorbonoe  of  prerious  texture,  in  one  of  the  altered  alates  near 
Pemanoe.    See  Quart  Joum.  GeoL  Soc.  vol.  xxxii.  p.  410. 
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the  one  to  the  west  of  the  Wrekin,  however,  is  the  more  important 
for  my  purpose,  as  it  affords  the  most  interesting  and  typical 
varieties,  and  also  supplies  the  beet  specimens  for  examination. 

At  *'*'  Lea  Bock,"  near  the  south-western  termination  of  Uie 
ridge,  there  is  a  large  quany  near  the  Shrewsbury  road,  in  which 
the  rock  is  very  weU  exposed.  In  one  part  it  is  intersected  in  all 
directions  by  numerous  joints  and  cross  joints,  whidi  cause  it  to 
break  into  small  fragments;  so  that  fresh  surfaces  are  difficult 
to  procure.  The  jointage-planes  are  generally  smooth,  and  coated 
with  peroxide  of  iron,  and  frequently  exhibit  on  their  sli^tly  wea- 
thered faces  numerous  fine  parallel  lines,  which  are  either  straight 
or  tortuous,  and  even  exhibit  a  complicated  folding  and  crumpling, 
like  that  seen  in  crystalline  schists.  Sometimes,  however,  they 
widen  out  into  distinct  bands,  and  then  produce  a  striped  or  lami- 
nated appearance.  In  some  cases  the  parallel  stripes  ore  so 
distinctly  marked  that  they  closely  resemble  laminae  of  deposition, 
or  lines  of  foliation,  and  have  in  fact  been  regarded  as  evidence  of 
the  original  stratification  of  the  rocks  here  described.  An  examina- 
tion of  their  internal  structure  shows,  however,  that  they  invariably 
indicate  the  presence  of  those  remarkable  streams  of  microliths  pre- 
viously described  in  the  Hungarian  perlites  (p.  453,  Fl.  XX.  fig.  7)*. 
These  finely  banded  rocks  also  occur  in  the  Wrekin. 

Among  the  most  interesting  examples  collected  in  the  quarry  just 
mentioned  are  several  varieties  of  a  remarkable  spherulitic  rock. 
These  exhibit  the  closest  analogy  with  the  comparatively  rare  though 
well-known  group  of  volcanic  vitreous  rocks  already  referred  to,  and 
may,  I  think,  be  appropriately  described  as 

Ancient  Spherulitic  Pitchstones  and  Perlites, 

One  beautiful  variety  of  this  rock  consists  of  numerous  bright- red 
spherulites  set  in  a  grey  or  yellowidi-green  matrix.  Sometimes 
they  occur  singly,  and  i^e  irregularly  scattered  throughout  the 
mass ;  or,  as  frequently  happens,  several  are  crowded  together  so 
as  to  interfere  with  the  development  of  their  regular  spherical  form ; 
while  in  other  specimens  they  are  arranged  in  rows,  like  strings  of 
coral  beads,  and  thus  form  parallel  layers.  This  is  a  well-marked 
feature  even  in  hand  specimens ;  and  when  the  spherulites  are  closely 
pressed  together,  a  thin  slice  exhibits  a  series  of  continuous  red 
bands,  witJ^  undulating  outlines  formed  by  the  mutual  interference 
of  successive  contiguous  spheres  (see  fig.  8).  This  is  an  extremely 
hard  rock  of  a  bright  red  colour,  and  closely  resembles  some  varieties 
of  jasper. 

As  seen  in  thin  slices,  the  spherulites  (fig.  9,  PI.  XX.)  usually 
consist  of  a  circular  central  disk  of  bright  red  surrounded  by  a  colour- 
less ring  (distinguished  by  two  shades  in  the  figure) ;  the  latter  varies 
greatly  in  widtli,  and  is  perfectly  continuous  with  the  red  portion,  of 
which  it  is  merely  the  unstained  border ;  and  then  there  is  an  outer 
zone  of  transparent  glass  (unshaded  in  the  figure). 

♦  For  an  admirable  deecription  of  laminated  Tolcanic  rocks,  see  Darwin's 
*  Geological  Obserrations  on  Volcanic  Islands/  p.  74,  second  edition. 
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When  examined  under  the  microscope  in  pokrized  light,  with 
crossed  prisms,  the  central  red  spot  and  its  colourless  border  exhibit 
a  x>orfectly  distinct  fibrous  radial  structure,  the  central  disk  still 
retains  its  bright  red  tint,  and  the  colourless  border  appears  of  a 
pale  grey,  except  where  obscured  by  the  arms  of  the  black  cross. 
Frequently,  however,  the  red  stain  extends  quite  to  the  edge ;  and  a 
fibrous  red  sphemlite  is  then  surrounded  by  a  zone  of  homogeneous 
glass.  Although  the  fibrous  crystals  usually  radiate  from  a  central 
point,  there  are  not  a  few  spherulites  wbich  exhibit  two  distinct 
modifications  of  this  arrangement.  In  one  the  fibres  are  seen  to 
radiate  from  several  points  surrounding  a  felsitic  mass  of  irregular 
sliape ;  the  rays  forming  the  difierent  groups  meet  each  other  along 
diverging  straight  lines ;  and  the  whole  is  surrounded  by  a  glassy 
ring.  In  other  cases  the  spherulites  are  ellipsoidal,  and  the  fibres 
usually  radiate  from  a  point  near  one  extremity  of  the  axis.  Small 
crystals  of  felspar  are  frequently  enclosed  in  the  spherulites ;  but, 
precisely  as  in  the  Hungarian  perlite  previously  mentioned  (p.  453 
and  fig.  7),  their  position  has  no  relation  whatever  to  the  radial 
crystallization  of  the  substance  by  which  they  are  surrounded ;  this 
is  clearly  seen  in  fig.  10,  which  shows  two  felspar  crystals  enclosed 
in  a  sphemlite. 

Another  striking  resemblance  *  between  the  ancient  and  more 
recent  examples  is  found  in  the  fact  that  the  transparent  matrix  in 
which  the  spherulites  are  enclosed  frequently  exhibits  a  perfectly 
distinct  perlitic  texture,  as  shown  here  and  there  in  fig.  8,  and  is 
also  crowded  with  streams  of  microliths,  which  pass  straight  through 
the  spherulites,  precisely  as  in  the  Kremnitz  rock  represented  in 
fig.  7. 

The  microliths  closely  resemble  the  more  recent  belonites  in  size 
and  shape ;  and  even  the  singular  and  unmistakable  trichites,  with 
the  same  twisted  and  knotted  forms,  are  abundant  in  some  of  my 
sections.  One  kind,  consisting  of  strings  of  minute  dots,  are  the 
most  prevalent,  and  are  precisely  similar  to  those  observed  in  some 
specimens  of  spherulitic  pitchstone  from  Schemnitz. 

Besides  the  felspar  crystals  just  mentioned,  others  are  scattered 
here  and  there  through  the  matrix,  and  cause  streams  of  belonites 
to  bend  round  them.  Orthoclase  and  plagioclase  are  both  present, 
and  are  remarkably  well  preserved ;  the  latter  appears  to  predomi- 
nate ;  and  the  crystals  are  often  beautifully  striated. 

The  rock  just  described  appears  to  pass  gradually  into  a  variety 
from  which  the  spherulites  are  absent,  but  which  presents  most 
excellent  examples  of  perlitic  structure. 

Devitrtfied  PerliU. 

The  examples  in  my  possession  are  of  a  rather  dull  yellowish- 
brown  colour,  and  are  slightly  fissile  in  one  direction.  When  exa- 
mined with  a  lens,  a  freshly  broken  surface  exhibits  numerous 
small  convex  and  concave  faces ;  and  when  a  thin  slice  is  placed 
under  the  microscope  a  true  perlitic  structure  is  at  once  seen  to  be 
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as  disdnct  and  unquestionable  as  in  any  of  the  more  recent  g^a»J 
rocks.  Fig.  6  represents  a  portion  of  a  thin  slice  of  one  of  these 
ancient  perlites ;  and  ))eside  it  I  have  placed  an  equally  carefal 
drawing  of  a  typical  perlite  from  Schemnitz  (see  fig.  5).  The  older 
rock  has  undergone  a  considerable  amount  of  alteration ;  and  that 
constitutes  the  only  perceptible  difference  between  them.  In  some 
of  the  Meissen  pitchstones  the  perlitic  structure  is  nearly  or  quite 
absent,  while  in  others  it  is  well  developed;  and  it  fortonatdy 
happens  that  specimens  occur  in  various  stages  of  alteration. 

In  one  of  the  red  varieties  the  colour  of  the  mass  is  due  to  the  in- 
filtration of  bright  red  ferric  oxide,  which  has  followed  the  lines  of 
fissure,  and  has  also  stained  the  glass  for  a  short  distance  on  each 
side,  as  represented  by  the  light  shade  in  fig.  1.  In  the  same  spe- 
cimen, however,  a  yeUowish-brown  substance  here  and  there  takes 
the  place  of  the  red  oxide,  and  shows  a  marked  tendency  to  aggre- 
gation in  little  spherical  nodules.  In  a  brown  variety  from  the 
same  locality,  a  pale  brown  flocculent  substance  is  alone  present,  and 
has  invaded  the  glass  in  the  same  manner  but  to  a  fiar  greater 
extent  than  in  the  preceding  examples  ;  the  parts  permeated  by  it 
have  a  distinct  action  on  polarized  light ;  and  it  is  quite  evident  that 
a  farther  extension  of  the  process  of  alteration  would  impart  ix>  the 
mass  a  pseudo-fekitic  aspect. 

The  kind  of  alteration  here  described  has  clearly  been  produced 
by  chemical  action  ;  and  it  has  followed  precisely  the  same  course  as 
that  which  has  so  frequently  converted  fractured  crystals  of  olivine 
into  serpentinous  pseudomorphs. 

In  the  ancient  perHte  a  similar  process  has  been  in  operation,  and 
has  produced  the  appearance  represented  in  &g,  6.  The  shaded  parts 
indicate  the  presence  of  a  yellowish-green  substance,  which  accom- 
panies the  lines  of  fissure  and  has  invaded  the  glass  on  each  side. 

Devitrification  of  the  glassy  magma, — ^In  addition  to  the  chemical 
alteration  just  described,  the  original  glassy  base  of  these  old  rocks 
has  also  undergone  certain  molecular  changes  which  it  is  highly 
important  to  notice.  A  slight  examination  of  the  two  thin  slicea 
represented  in  figs.  5  &  6  suf&ces  to  show  the  identity  of  their 
general  character  as  seen  in  ordinary  light ;  but  when  placed  under 
the  polarizing  microscope  between  crossed  prisms,  it  is  at  onoe  seen 
that  the  matrix  of  the  Schemnitz  rock  remains  dark,  while  that  of 
the  older  one  transmits  light  in  many  places,  and  the  field  of  view 
exhibits  an  irregular  mosaic  of  light  and  dark  grains. 

On  rotating  the  object,  some  of  the  dark  grains  may  then  be  seen 
to  transmit  light  in  certain  positions  ;  but  the  greater  number  alwajra 
remain  dark ;  and  it  becomes  evident  that  the  mass  consists  of  a 
homogeneous  glass  with  numerous  doubly  refracting  patches 
disseminated  through  it.  The  extent  to  which  the  two  substances 
prevail  varies  considerably  in  different  parts  of  the  rock :  in  some  of 
the  highly  altered  sphernlitic  varieties  there  may  be  seen  a  perfect 
mosaic  of  varying  pale  shades  of  colour,  while  in  others  the  glassy 
substance  predominates.  The  peculiar  character  of  the  doubly 
refracting  portion  of  the  base  is  extremely  weU  shown  when  the 
fll08-ft(  ti^e  I^icols  are  inclined  to  each  other ;  by  a  slight  rotation  of 
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the  object  alternately  to  right  and  left,  the  previously  well-defined 
grannies  gradually  assume  shadowy  indefinite  forms  of  variable 
dimensions,  alternately  appearing  and  disappearing ;  while  the  per- 
litic  curved  lines  are  seen  to  pass  continuously  through  them,  and 
even  the  minute  belonites  and  trichites  appear  with  opposite  ends 
enclosed  in  two  of  the  adjacent  pseudo-granules.  ^ 

When  the  devitrification  appears  to  be  complete,  and  a  granular 
mosaic  structure  the  most  distinct,  there  is  not  the  shghtest  appear- 
ance of  any  such  fragmental  character  when  examined  in  ordinaty 
light.  Under  all  powers  of  the  microscope  the  matrix  then  seems 
to  be  a  perfect  glass  traversed  by  straight  or  tortuous  streams  of 
microliths  and  intersected  by  the  perlitio  fissures  already  described. 
Although  these  investigations  show  conclusively  fiiat  certain 
molecular  changes  have  taken  place,  it  should  not  be  overlooked 
that  the  structure  resulting  from  devitrification  differs  in  character 
from  that  of  a  true  felsite ;  and  I  think  the  rocks  here  described 
afford  no  evidence  in  favour  of  the  view  held  by  Vogelsang  and 
others,  that  the  base  of  the  so-called  quartz-porphyries  may  have 
been  originally  of  a  glassy  nature. 

The  thin  sections  are  frequently  traversed  by  narrow  veins,  which 
pass  through  all  the  constituents,  as  shown  in  fig.  10.  A  fine 
fissure  has  here  cut  through  the  matrix,  a  spheruHte,  and  an 
enclosed  crystal  of  felspar.  In  all  cases  these  veins  appear  to  con- 
sist of  the  same  substance  as  the  devitrified  matrix  ;  and  when  the 
latter  is  penetrated  by  one  of  them,  it  is  impossible  to  distinguish 
the  one  from  the  other  except  in  certain  positions  of  the  prisms, 
when  the  continuity  of  the  vein  may  still  be  detected. 

Quartz- veins  are  not  uncommon  ;  and  in  some  parts  of  the  sphe- 
rulitic  rock  chalcedonic  nodules  are  rather  abundant. 

Although  the  microscopical  structure  of  these  rocks  is  in  itself  deci- 
sive as  to  their  origin,  I  may  add  that  their  chemical  composition 
is  also  in  perfect  accordance  with  their  other  characters.  Mr.  J.  A. 
Phillips  kindly  made  for  me  an  analysis  in  duplicate  of  a  specimen 
of  the  devitrified  perlitic  pitchstone,  with  the  results  shown  in  the 
following  Table,  in  which  I  have  also  included  analyses  of  two 
Miocene'  perlites : — 

Spec.  grav.  2-62.      •  i.  II.  III.  IV. 

Water 1-47  1-46  3-50  2-90 

Silica    72-18        72-19        72-52        73-00 

Alumina 14-46         14-44         13-72         12-31 


Ferric  oxide 1-78  1-59  1  g.^,^  2-05 

Ferrous  oxide 0-91  0-91  J 

Oxide  of  manganese     . .  trace.  trace. 

Lime     0-92  0  93  M5  1-20 

Magnesia trace.  trace.  0*45  1*47 

Potash 6-10  6-14  5-68  5-96 

Soda 1-92  1-96  M5  1-36 


99-74        99-62      100-25       100-25 
2h2 
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I.,  II.  Ancient  Pitchstone ;  analyzed  by  J.  A.  Phillips. 

in.  Perlite,  from  Hlinyik^  near  Sohemnitz ;  analyzed  by  Von 
Sommaraga,  qnoted  by  J.  Both  *. 

IV.  Pearlstone  (Hungary)  ;  analyzed  by  Bammelsbei^g  t- 

An  inspection  of  a  list  of  analyses  shows  that  there  is  quite  as 
close  an  agreement  between  these  examples  of  ancient  and  Tertiaiy 
perlites  as  can  be  foand  in  a  series  of  the  latter  only ;  and  as  this 
similarity  of  chemical  composition  exists  notwithstanding  the  altera^ 
tion  to  which  the  older  rocks  have  been  subjected,  it  may  be  inferred 
that  in  this  instance,  as  in  others,  the  changes  have  been  almost  en- 
tirely molecular,  little  or  nothing  having  been  taken  from  or  added 
to  the  mass. 

Intimately  associated  with  the  characteristic  devitrified  pitchstone 
there  occurs  a  hard  compact  variety  of  a  dark  red  colour  and  semi- 
vitreous  aspect,  with  a  subconchoidal  fracture  and  sharp  catting- 
edges.  Some  specimens  show  a  banded  structure,  even  to  the 
naked  eye  ;  while  others,  apparently  amorphous,  exhibit  under  the 
microscope  most  interesting  examples  of  fluidal  structure,  but  with 
no  indications  of  perlitic  or  spherulitio  formations.  These  also 
appear  to  consist  of  devitrified  glass,  and  are  found  to  pass  into 
masses  of  ordinary  "  homstone  "  or  "  compact  felspar,"  which  -were 
probably  never  in  a  vitreous  condition. 

A  close  examination  of  very  thin  slices  shows  that  the  red  colour 
of  these  rocks  is  entirely  due  to  the  diffusion  of  hydrous  ferric  oxide 
through  the  mass ;  a  magnifying  power  of  800  enables  one  to  per- 
ceive that  the  matrix  consists  of  a  colourless  glassy  substance 
crowded  in  parts  with  minute  yellowish-red  specks,  which  have  the 
appearance  of  a  fine  dust  even  under  the  highest  powers.  In  many 
cases  the  colouring-matter  clearly  has  its  origin  in  minute  ochreons 
patches  presenting  crystalline  forms  with  ragged  outlines,  from 
which  the  red  stain  has  spread  in  all  directions. 

Indurated  Volcanic  AgglonuraUs,  and  Ashes, 

An  examination  of  the  stratified  fragmental  rocks  of  Lawrence 
Hill  and  the  Wrekin  leaves  no  room  for  doubt  as  to  their  real 
character. 

The  various  beds  consist  for  the  most  pari  of  a  breccia  composed 
of  small  angular  and  slighUy  rounded  fragments  of  compact  red 
felsite  and  altered  pitchstone,  quite  similar  to  those  forming  the 
masses  with  which  they  are  associated ;  these,  together  with  other 
materials,  have  been  cemented  together,  and  now  form  an  extremely 
hard  rock,  which  frequentiy  exhibits  manifest  signs  of  subsequent 
alteration.  Fragments  of  larger  size,  however,  are  not  uncommon  ; 
and  in  one  of  the  coarser  ash-beds  a  block  of  beautiful  sphe- 
rulitio pitchstone,  8  inches  in  diameter,  was  found  imbedded  in 
the  mass.  A  vertical  slice  of  one  of  the  finer  ash-beds  exhibits 
under  the  microscope  a  series  of  thin  layers  composed  of  angular 

*  Beitrage  zor  Fetrographie.    Berlin,  1869. 

t  Die  Geeteins-Analysen.    J.  Roth.    Berlin,  1861. 
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fragments  of  pitchstone,  in  some  of  which  small  crystals  of  orthoclase 
and  plagioclase  are  surrounded  by  streams  of  microliths,  while  others 
have  a  Msitic  or  crypto-crystalline  texture  and  are  crowded  with 
minute  crystals  of  felspar.  A  few  fragments  of  spherulites  have 
been  detected ;  and  there  are  also  great  numbers  of  broken  felspar- 
crystals  scattered  through  the  mass ;  some  of  the  thin  layers  are,  in 
fact,  almost  wholly  composed  of  abraded  felspar  crystals,  with  small 
fragments  of  microcrystalline  trap  disseminated  among  them. 

At  one  time  some  of  these  ashes  must  have  been  slightly  vesicular ; 
for  they  now  contain  many  cavities  whose  walls  are  coated  with  chlo- 
rite, and  the  interior  filled  with  crystalline  quartz.  In  a  few  cases  cal- 
cite  and  quartz  are  associated  together.  There  are  also  some  interest* 
ing  examples  of  microscopic  cavities  filled  with  calcite  and  epidote ; 
bright  yellow  prisms  of  the  latter  project  from  the  walls  and  cross 
each  other  in  various  directions,  the  intervening  spaces  being  filled 
in  with  the  calcite.  Pale  lemon-coloured  epidote  is  by  no  means 
uncommon  in  the  coarser  ash-beds ;  it  usually  occurs  in  fan-shaped 
groups  of  flat  prisms,  which  exhibit  delicate  bright  tints  in  polarized 
light.  In  all  the  descriptions  of  the  optical  characters  of  this 
mineral  which  have  come  under  my  notice,  it  is  said  to  be  strongly 
dichroic ;  this,  however,  is  certainly  not  the  case  with  any  of  the 
numerous  example  of  pale  yellow  epidote  which  I  have  observed 
in  these  rocks,  and  in  the  altered  syenites  of  Leicestershire  and 
other  localities. 

The  masses  of  rock  here  described  represent  a  portion  only  of  a 
series  of  similar  products  which  have  been  erupted  along  an  old  line 
of  volcanic  action  ;  porphyritic  and  other  varieties  occur  at  Charlton 
Hill  and  Caer  Caradoc  near  Church  Stretton :  while  in  the  hilly 
district  to  the  west  there  are  still  traces  of  old  volcanic  vents,  accom- 
panied by  a  most  interesting  variety  of  basic  and  acid  lavas,  which  I 
hope  to  describe  on  a  future  occasion. 

Conclusion. 

The  results  arrived  at  in  the  present  memoir  may  be  briefly 
summed  up  as  follows  : — 

1.  The  highly  characteristic  internal  structure  of  some  of  the  rocks 
affords  the  clearest  proof  of  their  original  vitreous  condition ;  for 
the  peculiar  perlitic  and  spherulitic  formations,  with  their  associated 
microliths,  have  never  been  observed  except  in  connexion  with  the 
obsidian  or  pitchstone  varieties  of  volcanic  glass. 

2.  It  appears  also  that,  in  the  older  as  in  the  younger  scries,  there 
is  the  same  gradation  between  the  vitreous  and  stony  varieties ;  and 
as  the  perlitic  and  other  glassy  rocks  are  well  known  to  be  subaerial  . 
volcanic  products,  the  rocks  here  described  afford  strong  evidence 
that  during  the  e/irlier  geological  periods  volcanic  action  was  of  the 
same  kind  and  produced  the  same  results  as  in  more  recent  times. 

I  will  only  add,  in  conclusion,  that  probably  no  one  who  exa- 
mines a  good  series  of  the  Schemnitz  rocks,  or  the  beautiful 
rhyolites   of  the  Euganean  HiUs,  will  fail  to  recognize  among 


Digitized  by  VjOOQIC 


460  OH  PITCHBTOHES  A9D  PEKLTTBS  FROM  SHROFSHIBK. 

their  numerous  yarieties  the  precise  analogues    of  the    ancient 
Tolcanio  rocks  of  Shropshire. 


EXPLANATION  OF  PLATE  XX. 

Fig.  1.  Portfon  of  a  thin  riice  of  perlitic  pitdistooe  from  McMsen.  Tbe 
narrow  shaded  bands  reprceent  an  incipient  alteration  akmg  the 
lines  of  fissure. 

2.  Another  poKion  of  the  same  sHoe. 

3.  Part  of  a  thin  slice  of  perlite  from  Schemnitz. 

4.  Perlitic  spheroid  from  Cabo  de  Gata,  see  p.  452. 

5i.  Section  oi  perlite  from  Schemnitz,  showing  parallel  and  eroae  joiatf, 
with  general  grouping  of  tbe  perlitic  spheroids,  see  p.  452. 

6.  Ancient  perlitic  pitohstone,  "Lea  Eook/*  near  WeUington, showing* 

similar  original  structure.     The  shaded  parts  represent  a  green- 
ooloured  product  of  alteration,  see  p.  456. 

7.  Section  of  ^herulitic  perlite  from  Kremnits,  deeeribed  p.  453. 

8.  Section  of  spherulitic  pitohstone  from  Lea  Book,  containing  bands 

of  ^heruhtee  and  streams  of  mioroliths  in  a  transparent  perlitic 
matrix. 

9.  Diagram  of  spherubte,  described  p.  454. 

10.  Spherulite  in  ancient  pitchstone,  Lea  Rock,  containing  two  cfystala 
of  felspar,  and  traversed  by  a  vein  filled  with  a  substance  haTing 
similar  optical  characters  to  tbe  devitrified  matrix,  see  p.  4)57. 

The  figures  &ithfullj  represent  the  originals  as  seen  with  the  magnif  jing 
powers  indicated,  with  the  exception  of  the  fibrous  crystallization  of  the  spbe- 
rulites,  which  is,  of  course,  greatly  exaggerated. 


Discussion. 

Mr.  Warikgtok  W.  Smyth  thought  that,  with  regard  to  the  rocks 
of  the  Lizard  Point,  Mr.  Bonney's  paper  would  carry  conviction  to 
the  minds  of  many  who  had  been  led  to  different  views  by  the 
works  of  previous  writers.  The  facts  brought  forward  seemed  to 
correlate  these  rocks  with  others  which  have  been  examined  in 
Sweden  and  Norway,  in  the  south  of  Spain,  and  in  Elba. 

Prof.  JuDD,  referring  to  Mr.  Allporf  s  paper,  said  that  the  simi- 
larity of  these  ancient  rocks  to  those  of  Tertiary  times  extended  to 
the  most  minute  details.  The  unity  of  character  so  long  ago  recog- 
nized among  stratified  rocks  of  different  ages  was  now  being  ex- 
tended to  the  igneous  rocks ;  and  these  also  would  in  time  be  corre- 
lated according  to  their  respective  ages. 

The  Pbesideitt  inquired  whether  Mr.  Bonney  had  met  with  indi- 
cations of  gas-passages  in  the  serpentinous  rocks^  such  as  might 
simulate  Eozoan, 

Eev.  T.  G.  BoifNET  stated  that  he  had  examined  the  serpentinee 
of  Elba.  With  respect  to  Mr.  McPherson's  paper  referred  to,  he 
said  that  some  of  that  gentleman's  figures  might  be  taken  as  repre- 
senting the  Lizard  serpentines.  In  reply  to  the  President  he  stated 
that  he  had  seen  gas-passages,  but  nothing  resembling  Eozootv, 
although  in  the  first  stages  of  the  decomposition  of  olivine  the  num- 
muline  layer  sometimes  seemed  to  be  simulated.  For  his  own  part 
he  believed  in  the  organic  nature  of  Eozoon, 
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23.  On  the  Strata  and  their  Fossil  Contents  between  the  Borrow- 
BAXE  Series  of  the  North  op  Enqland  mid  the  Coniston  Plabs. 
By  Robert  Harkness,  Esq.,  E.R.8.,  Professor  of  Geology  in 
Queen's  College,  Cork,  and  H.  Alletne  Nicholson,  M.D.,  B.Sc., 
F.R.S.E.,  Professor  of  Natural  History  in  the  University  of 
St.  Andrews.     (Read  March  21,  1877.) 

Introduction. 

Iif  the  following  communioation  we  propose  shortly  to  consider  the 
various  groups  of  strata  which  intervene  hetween  the  great  volcanic 
series  (Borrowdale  Rocks)  of  the  Lake>district  and  the  well-marked 
band  of  sedimentary  rocks  to  which  Prof.  Sedgwick  applied  the 
name  of  the  *'  Coniston  Flags."  In  so  doing  we  shall  have  occasion 
to  note,  in  a  general  way,  the  physical  characters  and  relations  of 
the  successive  deposits  in  question;  hut  we  shall  have  to  draw 
attention  more  especially  to  the  organic  remains  which  they  con- 
tain and  to  some  indications  thus  afforded  as  to  their  precise  age 
and  position  in  the  geological  scale. 

The  hase  of  the  great  Silurian  series  of  the  north  of  England  is 
constituted,  as  is  well  known,  by  the  "  Skiddaw  Slates,**  a  thick 
mass  of  sediments,  originally  in  the  condition  of  black  mud,  clearly 
proved  by  their  fossil  contents  to  be  of  the  age  of  the  "Arenig 
group "  of  Wales.  Succeeding  the  Skiddaw  Slates  there  occurs  a 
great  series  of  volcanic  products,  termed  by  Prof.  Sedgwick  the 
*'  green  slates  and  porphyries,"  to  which  we  have  elsewhere  given 
the  name  of  *'  the  Borrowdale  series."  These  consist  of  ashes  and 
breccias,  alternating  with  ancient  lavas,  a  portion  of  the  series  being 
subaerial,  whilst  part  is  of  submarine  formation. 

Throughout  the  greater  part  of  this  extent,  for  a  thickness  of 
some  thousand  feet,  the  Borrowdale  series  has  hitherto  proved  un- 
f oesiliferous ;  fossils,  however,  make  their  appearance  in  a  thin 
band  of  calcareous  ashes  near  the  summit  of  tiie  group  (Harkness 
and  Nicholson,  Quart.  Joum.  Geol.  Soc.  vol.  xxii.  p.  480). 

In  some  places,  as  at  Style-End  Grassing,  between  Long  Sleddale 
and  Kentmere,  this  band  consists  of  brownish  or  bluish  grey  shales, 
and  it  is  separated  from  the  Coniston  Limestone  by  a  bed  of  trap.  In 
other  spots,  as  at  Sunny  Brow,  between  Ambleside  and  Coniston,  the 
bed  is  siliceous  and  gritty  in  nature.  At  Millom  the  same  fossiliferous 
band  is  recognizable,  and  is  not  only  ashy  in  its  character,  but  is 
surmounted  directly  by  strata  belonging  to  the  Coniston  Limestoue 
series  without  the  intervention  of  traps.  Lastly,  there  are  places, 
such  as  the  east  side  of  Long  Sleddale  and  the  southern  declivity  of 
Wansfell,  where  the  same  beds  can  be  readily  recognized,  having 
the  same  relation  to  Coniston  Limestone,  similar  to  the  ordinary 
ashes  of  the  Borrowdale  series  in  their  ordinary  character,  and  ex- 
hibiting no  traces  of  fossils  beyond  the  presence  of  innumera- 
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ble  cayities  filled,  or  partially  filled,  with  rusty  peroxide  of  iioiiy 
apparently  due  to  the  decomposition  of  organic  remains. 

It  is  not  our  purpose  to  discuss  here  the  position  and  age  of  Uiese 
*'  Style-End  Grassing  beds,"  as  they  may  be  called.  It  may,  how- 
ever, be  noted  that  the  fossils  which  they  have  yielded  are  Bala 
types,  such  as  Calymene  Blumenhachii,  Brongn.,  Orthis  vapertUky 
Sow.,  and  Petraia  cequisuUata,  M'Coy.  This  is  of  interest  as  indi- 
cating that  the  volcanic  activity  of  which  the  Lake-district  became 
the  theatre  subsequent  to  the  deposition  of  the  Skiddaw  Slates, 
continued  to  prevul,  at  any  rate,  up  to  the  later  portion  of  the  Bala 
period. 

Besting,  apparently  with  perfect  conformity,  upon  the  Borrowdale 
rocks  a  series  of  deposits  occur  which  we  wish  more  especially  to 
discuss  here. 

These  deposits  may  be  grouped  in  the  following  ascending  order : — 

1.  Dufton  Shales. 

2.  Coniston  Limestone  and  Shales. 

3.  Graptolitic  Mudstones,  or  Skelgill  beds. 

4.  Knock  beds. 

1.  DcFTON  Shales. 

The  "Dufton  Shales"  are  but  locally  distributed,  tiiongh  they 
constitute  a  well-marked  group  of  muddy  sediments  underlying  the 
Coniston  Limestone  proper  and  its  associated  shales.  They  do  not 
appear  in  any  recognizable  form  beneath  the  main  line  of  the  Coniston 
lamestone  in  the  Lake-district  itself.  They  do  not  seem  to  occur  in 
the  Sedbergh  district ;  nor  have  they  been  recognized  in  Kavenstone- 
dale  or  Eibblesdale ;  but  they  are  very  well  developed  in  the  Silurian 
area  which  includes  the  Cross-Fell  range. 

Here  they  are  seen  in  four  principal  exposures,  owing  to  the  folding 
and  faulting  of  the  strata,  viz. : — Swindale  Beck,  near  Knock ;  PusgiU 
and  Bufton-Town  dykes,  near  Dufton;  Harthwaite  Gill,  near 
Keisley ;  and  at  the  Smelt  Mill,  near  Hilton. 

The  thickness  of  the  Dufton  Shales  in  these  localities  probably 
exceeds  300  feet.  They  consist  of  dark  flaggy  shales  with  a  rough 
cleavage,  sometimes  (as  in  Swindale)  having  brownish  or  greenish 
ashy  beds  intercalated  among  them.  These  shales  are  readily  dis- 
tinguished from  those  associated  with  the  Coniston  Limestone,  being 
usually  darker  in  colour,  and  more  flaggy,  and  having  a  less  perfect 
cleavage.  Near  their  base  they  have  two  bands  of  nodular  lime- 
stones in  them ;  these  are  well  seen  in  Swindale  Beck. 

The  Dufton  Shales  are  richly  fossiliferous  throughout,  this  being 
the  case  with  the  ashy  beds  before  referred  to,  as  well  as  others  of 
the  series. 

The  fossils  are,  for  the  most  part,  characteristic  Bala  types ;  and 
the  entire  deposit  may  be  regarded  as  forming,  palseontologically, 
the  base  of  the  Coniston  Limestone. 

The  following  is  a  list  of  the  principal  fossils  which  have  been 
collected  in  these  beds : — 
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Fossils  of  the  Dufton  Shales^ 

ACTINOIOA. 

1.  Mraia,  sp.    Swindale. 

2.  ChateteSt  sp.    An  incruBting,  submassiye  spedes,  commonly  growing  on 

Orthooerata.  Thin  sections  show  that  the  tubes  are  furnished  with 
a  few  remote  tabul».  Surface  characters  unknown.  Common  at 
PosgiU  along  with  Discina  conma.  Salt.,  sp.,  Belleroph<m  bilobatus^ 
Sow.,  &o. 

Ahnkuda. 

1.  ConchicolUei  gregariutt  Nioh.  This  singular  form  is  found  abundantly 
along  with  the  inorusting  species  of  Chatetes  just  spoken  of,  attached 
to  the  outer  surface  of  Orthooerata,  in  the  IHscina-corona  bed. 

Brachiopoda. 

1.  Leptana  transvermUSf  WahL    Smelt  Mill,  Hilton. 

2.  S^iyphomena  esjtanaa^  Sow.    Harthwaite  Gill,  Dufton. 

3.  LeptiBna  sericea,  Sow.    A  small  rariety  of  this  shell  with  fewer  principal 

radii  than  the  normal  form,  and  of  about  half  iU  size,  occurs  rery 
abundantly  in  PusgiU,  and  lees  commonly  in  all  the  other  localities. 

4.  Orthis  Uituainaria^  Balm.    Swindale  and  f  usgill. 

5.  Discina  (TrenuUia)  corona.  Salt.    This  fine  Brachiopod  occurs  abun- 

dantly, though  in  a  more  or  less  fragmentary  condition,  in  a  single 
stratum  in  Pusdll,  along  with  OrthocenUay  Conchicolites  gregariuSy 
BdUrophon  bilw>atu9t  &c. 

6.  Linguia  tenuigranuiata,  M'Ooy.     Pusgill. 

7.  ovata,  M'Coy.    Pusijill.    Both  these  Lmguke  seem  to  be  confined 

to  the  stratum  with  Dtseina  corona. 

8.  Ort^  *</*or<i^a.  Schloth.    Duflon-Town  dykes. 

9.  Strophomena  rhomboidalia,  Wilckens.    Pusgill. 
10.   OrtnU  vesperti/io,  Sow.     Dufton-Town  dykes. 

Hbterofoda. 
1.  BeUerophon  hUobatuBy  Sow.    Pusgill. 

Cephalopoda. 

1.  OrihoceraSy  sp.     A  smooth  form  resembling  0.  bacutifonney  M*Coy. 

Common  at  Pusgill,  in  the  XHacma-corona  stratum. 

2.  OncoceraSy  sp.     Not  uncommon  at  Pusgill,  in  the  same  bed  as  the 

preceding. 

Crustacea. 

1 .  Caltpnene  Bhtmenhaohiiy  Brongn.  Very  abundant  in  Pusgill  and  Dufton- 

Town  dykes,  less  so  in  Swindale. 

2.  Trmucleus  conceniricuSy  Baton.    Very  abundant  in  Pusgill  and  Dufton- 

Town  dykes,  less  abundant  in  Swindale. 

3.  CgbeU  verruoosOy  Dalm.    Dufton-Town  dyke. 

4.  Ampyx  nudus,  Murch.  (?)    Bare  in  Pusgill. 

5.  lAcMs  kucatue,  M'Coy.    PusgilL 

6.  Hktnus  Bowmanniy  Salt.    Swindale  and  Hilton. 

7.  EncrinuruB,  sp.    Pusgill. 

8.  Beyrichia  Wuckenaianay  Jones.     Abundant  in  PusgiU  in  the  Discina" 

corona  bed,  and  also  in  the  ashy  beds  in  Swindale. 

9.  PrimUia  semicircularis,  Jones  &  UolL    In  ashy  beds.    Swindale. 

The  predominance  in  the  Dufton  Shales  of  such  Brachiopods  as 
Strophomena  expansa,  Leptcma  sericea,  Orthis  testudinaria,  0,  vesper- 
tiUo,  0.  hiforata,  and  Linguia  ovalis,  together  with  the  abundance 
of  such  tnlobites  as  Calymene  Blumenhachii,  Trinudeus  concentricus^ 
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Cybele  verrueosay  Illamus  Bounnanni,  and  Lichas  laxatus^  can  leave  no 
doabt  as  to  the  correctness  of  the  inference  that  these  rocks  belong  to 
the  Bala  or  Caradoc  age.  The  presence  of  what  appear  to  be  unoqui- 
Yocal  ashes  which  contain  some  of  these  fossils  high  np  in  the  series  at 
8windale  also  deserves  attention  as  showing  that  the  volcanic  forces 
which  gave  rise  to  the  ashes  and  lavas  of  the  fiorrowdale  group  still 
maintained  an  intermittent  activity  during  the  deposition  of  the 
Dnfton  Shales.  There  would  thus  appear  to  have  been  no  break  of 
continuity  between  these  shales  and  the  underlying  Borrowdale 
rocks — a  conclusion  which  is  further  borne  out  by  the  substantial 
identity  between  the  fossils  of  the  Dufton  Shales  and  those  of  the 
Style-End  Grassing  beds. 

The  annexed  section  (fig.  1)  exhibits  the  stratigraphical  relations 
of  the  Dufton  Shales  in  Swindale  Beck,  where,  as  before  stated, 
they  are  very  well  exposed. 

Fig.  1. — Sketch  Section  of  the  Strata  in  Swindale  Beck^  near  Knock. 
(Length  rather  more  than  half  a  mile.) 


a.  Ashee  belonging  to  the  Borrowdale  series.        b.  Bufton  Shales. 

c.  Coniston  Limestone.  d.  Graptolitic  mudstones. 

€.  Knock  beds  (green  and  purple  slates). 

/.  Black  flags  with  Monoyrap^  colonus,  Barr.,  probably  Ooniston  Flagt 

2.    COIOSTOM  LmBSTOKB. 

The  "Coniston  Limestone,"  notwithstanding  its  comparatively 
small  vertical  extent,  has  long  occupied  the  position  of  being  the 
best-defined  and  most  universally  recogoized  of  all  the  divisions  of 
the  Lower  Silurian  series  of  the  north  of  England — a  position  which 
it  owes  to  its  easily  recognized  lithological  characters,  and  to  the 
number  of  organic  remains  which  it  has  yielded.  It  is  unneeessary 
here  to  recapitulate  the  geographical  range  of  the  Coniston  Lime- 
stone. Its  main  lino  of  outcrop  crosses  the  Lake-district  in  a  direc- 
tion from  S.W.  to  N.E.,  running  from  Millom  on  the  one  hand  to 
Shap  Wells  on  the  other.  It  is  more  or  less  developed  in  Raven- 
stonedale,Dentdale,  the  Sedbergh  valley,  near  Inglcton,  in  Ribblesdale, 
at  Ireleth,  at  High  Haulme,  in  Fumess,  and  at  various  points  in 
the  Lower  Silurians  which  lie  to  the  south-west  of  the  Cross-Fell 
range. 

Lithologically  the  term  "  Coniston  Limestone  "  is  somewhat  mis- 
leading, as  it  is  never  wholly  calcareous  in  its  composition,  and  the 
calcareous  element  is  occasionaUy  almost  wanting.  In  its  most 
typical  form,  as  seen  in  its  range  between  Long  Sleddale  and 
Broughton  Mills,  in  Fumess,  the  Coniston  Limestone  consists  of 
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hard  grey  or  bluish  grey,  cleaved,  and  often  highly  calcareous 
shales,  containing  numerous  nodules  or  thin  but  distinct  bands  of 
limestone.  In  some  places  the  beds  of  limestone  are  the  most 
largely  deyeloped ;  and  in  other  places  the  shales  predominate ;  but 
the  two  elements  of  the  group  are  usually  intermixed,  and  alternate 
with  one  another  indefinitely.  At  some  localities,  again,  as  at  Ash 
Gill,  near  Torver,  and  at  the  head  of  Appletreeworth  Beck,  the  shales 
are  largely  developed  at  the  expense  of  the  limestone,  and  are  suffi- 
ciently thick  to  have  been  extensively  worked  for  slates.  At  Keisley, 
near  Dufton,  again,  the  series  is  almost  calcareous,  and  the  shales 
appear  to  be  entirely  confined  to  its  upper  portion.  Finally,  at 
Beck  and  Waterblain,  near  Millom,  the  group  consists  of  an  upper 
series  of  cleaved  fossiliferous  shales,  in  the  lower  part  of  which  a 
great  thickness  of  limestone  is  developed,  discontinuously,  in  the 
form  of  great  lenticular  masses  of  a  purely  calcareous  nature. 

In  its  intimate  characters  the  limestone  of  the  Coniston  Limestone 
group  differs  greatly  in  different  localities.  Usually  it  presents 
itself  as  a  hard,  compact,  greyish  blue,  grey,  or  nearly  black  lime- 
stone, which,  in  thin  sections  prepared  for  the  microscope,  exhibits 
a  subgranular  matrix  in  which  fragments  of  Crinoids,  Corals,  or 
Brachiopods  are  imbedded  at  intervals.  At  Keisley  (fig.  2),  where 
we  have  most  carefully  examined  it,  three  principal  varieties  may  be 
distingaished : — (1)  a  hard,  compact,  greyish  blue  limestone  with  the 
microscopic  characters  and  general  aspect  of  the  ordinary  variety  of 
the  limestone  just  alluded  to ;  (2)  a  reddish  or  pink  compact  marble 
with  numerous  pat/ches  of  white  calcite,  both  portions  of  the  mass 
appearing,  in  microscopic  sections,  to  be  crowded  with  minute  organ- 
isms and  fragments  of  larger  fossils ;  (3)  a  light-coloured,  whitish 
blue  or  white,  coarsely  crystalline  limestone,  which  is  seen,  in  thin 
sections,  to  be  composed  of  innumerable  fragmentary  organic  remains 
and  microzoa ;  imbedded  in  transparent  calcite,  and  having  large 
crystals  of  calo-spar  with  their  characteristic  cleavage-lines  shooting 
through  the  mass  in  various  directions. 


Fig.  2. — Sketch  Section  of  the  Coniston  Limestone  at  Keisley^  near 
Dufton.    (Length  rather  more  than  one  third  of  a  mile.) 


Keisley. 


High-Cup-    Pennine 
01  Be<^     Fault. 


jor.w. 


U.SJ} 


a.  Borrowdale  Beries.  b.  (Coniston  Limestone. 

c.  Barren  ground,  occupied  in  whole  or  in  part  by  the  Graptolitic 


mudstones. 
d.  Knock  beds  (pale  slates). 


p.  Permian  strata. 
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At  Sbap  WellB,  dose  to  the  medicinal  spring,  occurs  a  singolar 
band  of  Coniston  limestone,  to  which  we  shedl  have  occasion  to 
refer  again. 

The  band  in  question  is  a  calcareous  hreeeia  composed  of  innu- 
merable fragments  of  various  rocks,  mostly  under  a  quarter  or  half 
an  inch  in  diameter,  imbedded  in  a  calcareous  matrix.  Thin  sections 
of  this  rock  are  very  difficult  to  prepare,  owing  to  the  large  number 
of  angular  fragments  of  quartz  which  they  contain ;  in  addition  to 
which  there  are  numerous  fragments  of  limestone,  felspathic  ash,  and 
perhaps  traps,  the  cementing  matter  of  the  whole  being  a  granular 
limestone  apparently  devoid  of  fossils.  That  this  breccia  is  more  or 
less  altered  by  the  near  vicinity  of  the  Shap  granite  cannot  be 
doubted,  the  more  so  as  the  graptolitic  mudstones  are  seen  in  an 
unequivocal  form  about  200  yards  to  the  south  of  the  breccia,  with 
numerous  graptolites,  but  so  highly  indurated  as  to  have  become 
almost  flinty  in  their  fracture.  In  connexion  with  this  we  may 
briefly  refer  to  the  microscopic  characters  of  the  more  highly  meta- 
morphosed Coniston  Limestone,  about  a  quarter  of  a  mile  from  the 
mineral  spring,  near  the  top  of  the  Blea  Beck.  Here  the  Coniston 
Limestone  is  penetrated  and  apparently  overlain  by  a  mass  of  fel- 
stone,  doubtless  emanating  from  the  granite  of  Wastdale  Crag.  In 
the  immediate  vicinity  of  this  intrusive  mass,  the  limestone  is  con- 
verted into  an  obve-green  splintery  rock,  which  shows,  in  micro- 
scopic sections,  particles  of  iron  p3rrites  and  disseminated  specks  of  a 
dark  green  mineral  (hornblende?),  together  with  a  few  traces  of 
minute  fossils.  At  a  distance  of  a  few  yards  from  the  felstone  this 
limestone  presents  itself  as  a  dark  grey  crystallized  rock,  which  is 
shown  by  thin  sections  to  be  completely  granular,  with  hardly  any 
indications  of  fossils. 

About  two  miles  west  from  Shap  Wells,  at  a  short  distance  to  the 
south-west  of  the  farm-house  of  Wastdale  Head,  the  Coniston  lime- 
stone exhibits  itself  in  a  very  highly  metamorphosed  condition. 
Here,  in  the  course  of  a  small  stream  flowing  from  the  north,  a 
small  patch  of  the  limestone  occurs,  having  a  white  colour  and  a 
crystalline  structure.  A  few  feet  to  the  north  of  this  patch  a  small 
exposure  of  rock  is  seen,  having  a  gneissic  character,  the  particles  of 
which  are  very  crystalline.  This  gneiss  is  very  nearly  in  contact 
with  the  south-west  portion  of  the  Wastdale-Crag  granite.  It  is 
probably  either  metamorphosed  shales  of  the  Coniston  limestone,  or 
of  the  representatives  of  the  Dufton  Shales. 

The  white  crystalline  limestone  has  peculiar  features.  It  has  a 
fine  scaly  structure,  with  a  pearly  lustre,  and  resembles  fine-grained 
Scliiefer  spar.  It  contains  within  it  Idocrase;  and  in  the  upper 
portion,  where  it  has  been  subjected  to  the  action  of  the  water  of 
the  stream,  the  idocrase  almost  remains  alone,  the  carbonate  of  lime 
having  been  removed*. 

*  Idocraflo  or  VetUTian,  as  the  latter  natne  implies,  is  a  rather  oommoQ 
mineral  in  oonnezion  with  the  Tolcanic  products  of  Yesuyias,  being  often  found 
in  a  crjstidline  limestone  ejected  from  this  Toloano.  It  also  occurs  in  the 
metamorphic  Lower  SHurian  Limestone  in  Qlen  Laion,  Aberdeenshire,  and 
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The  metamorphic  limeetone  of  Wastdale  Head  has  above  it  rocks 
which  also  exhibit  changes,  the  effect  of  the  influence  of  the  Wast- 
dale-Crag  granite.  These  appear  in  the  form  of  rocks  banded  white 
and  black  with  a  pseudo-gneissic  structure,  the  black  bands  beginning 
to  proTail  higher  up  in  the  series  until  hard  dark-grey  strata  prevail, 
having  lighter  beds  associated  with  them.  These  hght-grey  rocks 
are  very  compact,  showing  no  traces  of  lamination,  and  possessing  a 
concboidal  fracture.  They  are  translucent  on  the  edges,  and,  but 
for  their  colour,  would  be  referred  to  the  HeJleflint  of  the  Swedes, 
or  to  some  form  of  felstone,  were  it  not  for  their  bedded  character, 
which  is  very  manifest.  These  rocks  are  intersected  by  an  Elvan 
dyke  emanating  from  the  granite.  This  Elvan  dyke  efiervesccs  with 
adds,  from  the  presence  of  carbonate  of  lime  derived  from  the 
metamorphic  limestone,  which  has  infiltrated  itself  into  the  in- 
terstices of  this  dike. 

The  fossils  of  the  Coniston  Limestone  are  numerous,  but  usually 
not  well  preserved.  Sometimes  they  occur  in  great  numbers,  and  in 
a  state  of  good  preservation,  in  the  limestone  itself,  as  is  the  case  at 
Keisley.  Usually  the  limestone  is  nearly  destitute  of  fossils,  and 
the  palsBontologist  is  obliged  to  have  recourse  to  the  shales  associ- 
ated with  the  limestone,  in  which  the  fossils,  though  numerous,  are 
greatly  distorted  by  cleavage.  Without  quoting  here  the  lists  of 
fossils  fex)m  the  Coniston  Limestone  given  by  M'Coy  (Palaeozoic 
Fossils)  and  by  Salter  (Cat.  Cambr.  and  Sil.  Fossils),  we  subjoin  a 
list  of  the  more  important  in  our  own  collections,  which  have  been 
mostly  obtained  from  the  limestone  of  Keisley,  near  Dufton. 


Fossils  of  the  Coniston  Limestone. 

ACTINOZOA. 

1.  Petraia,  §p.    Keisley. 

2.  Ch^tteSt  sp.    A  small  dendroid  form,  such  as  is  nsuallj  called  Steno^ 

para  JUmtsa^  rar.  ramulosa :  the  surface  is  unknown ;  but  it  is  perhaps 
referahle  to  CJuetetes  Fktcheri,  £.  &  H.    Keisley. 

3.  Heliolites  insterstincta,  Linn.    Pool  Wyke. 

4.  HalysUes  catemdarU,  Linn.    Keisley. 

5.  Petraia  aquisulcata,  M'Coy.    Millom  and  Long  Sleddale. 

POLTZOA. 


1.  Fenesiella  (?)  assimilia,  Lonsd.    Keisley. 

2.  PtUodiciya  costdlata^  M'Coy.    Millom. 

3.  PtUodictt/a,  sp.    Keisley. 


likewise  in  the  metamorphic  Liassic  Limestone  in  the  Isle  of  Skye.  In  Ireland 
it  is  met  with  among  the  metamorphic  Lower  Silurian  Limestones  of  Donegal, 
at  Berrylougham,  &mee  Gap,  and  elsewhere  in  that  county.  Its  occurrence 
&t  Wastdale  Head  is  the  first  instance  of  this  mineral  having  been  found  in 
^gland.  It  consists  of  silicates  of  lime  and  alumina,  with  small  portions  of 
oxide  of  iron  and  magnesia — a  composition  very  likely  to  result  from  metamor- 
phic action  on  a  limestone  such  as  the  Coniston  Limestone. 
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Bkacuiopoda. 

1.  Strophomma  corrugaUlla^  Da  v.     KeUlej. 

2.  -"^  rkomboidulis,  Wilckens.    Keialey. 

3.  deltoidea^  Connd.    Keisley. 

4.  exvanacL,  Sow.     KeiBley. 

5.  Or/^M  biforata,  Schloth.     Keialej. 
B.  calliaramma,  Dalm.     Keisley. 

7.  flaMMum,  Sow.     Keigley. 

8.  AcfonitB,  Sow.     Keisley. 

9.  vespertUio,  Sow.     KeUley. 

10.  porcata,  WCoy.    Kewley. 

11.  e/e^an/ula,  Dalm.    Skel^  Beck. 

\2.  Difcina?  eorrugafa?,M*Coj.     Keislej. 

13.  Triplegia  ?  momltfera,  M*Coy.    Keialey. 

14.  Atri/pa  imbricafa^  Sow.     Keislej. 

16.  Lept<tna  tenuicincta,  M'Ooy.    Keisley. 

Cephalopoda. 
1.  Orthoceras  vaganij  Salt    Keialey.    Abundant. 

Crustacea. 

1.  Spharexochus  mims,  Beyrich.    Keialey. 

2.  Ckeirurua  juvetUs,  Salt.    Keialey. 

3.  bimttcronatus,  Muroh.     Keialey. 

4.  geUuinosus^  Portl.    Keialey. 

6.  cancrunis,  Salt     Keialey. 

6.  ocfolobatus,  M'Coy.    Keialey. 

7.  LichoB  larafuSf  M'Coy.    Keialey. 

8.  hibemicus,  Portl.    MiUom. 

9.  lUrnnua  Davisti,  Salt     Keialey. 

10.  Bowmanni,  Salt    Keialey. 

11.  Rotenbergi^  Eichwald.    Appletreeworth  Beok. 

12.  Calymene  Blumenbachii,  Bronsn.     Keialey.    Bare. 

13.  Agnostus,  ap.     A  form  aomewhat  reaembling  A.  trinodua^  Salt  ( =  7Vt- 

nodus  agnostiformiSy  M'Coy),  m  ahape  and  aize,  but  haying  its  whole 
aurfaoe  tuberculated.     Not  uncommon  at  Keialey. 

14.  Phacops{Cha9mops)macrourus^B^}ogTen.    Thia characteriatic  Bala s|>eriei 

ia  tne  OdonfochUe  obfnsicaudata  of  M'Coy ;  but  it  wanta  the  aorface- 
granulea  of  the  true  P.  obtusicaudatus^  Salt  Fine  tails,  though  aome- 
what distorted  by  cleavage,  are  not  uncommon  at  Appletreeworth 
Beck. 

15.  Phacops  apiculafus,  Salt     Appletreeworth  Beok. 

16.  Ampyx  Sarsii^  Portl.     Keialey. 

17.  BtmopleurideSy  ap.    A  large  form  allied  to,  but  apparently  diatinci  from, 

R.  longicapitatxUy  Portl.     Not  uncommon  at  keialey. 

18.  Proetus,  ap.    The  free  cheeka  only  are  known,  and  resemble  P.  UUifratu, 

M'Coy.     Keisley. 

19.  Bronfeits,  ap.     Pygidia  only  known.     Keialey. 

20.  Bet/richia  impenaens,  Jonee.     Appletreeworth  Beck. 

21.  Primitia  prottnta^  Jonea.    Appletreeworth  Beck. 

No  one  can  analyze  the  preceding  list  of  fossils  and  entertain  any 
doubt  as  to  the  geological  horizon  of  the  Coniston  limestone. 
Whether  or  not  it  be  in  the  precise  position  of  the  Bala  Limestone 
of  Wales  is  a  point  which  may  admit  of  doubt ;  but  it  is  the  precise 
equivalent  of  the  limestone  of  the  Lower  Silurian  of  Portraine, 
00.  Dublin,  and  also  of  that  of  the  Chair  of  Kildare  (see  Appendix), 
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regarded  as  unqaestionably  of  Bala  age.  This  is  shown  conclusively 
by  the  Brachiopods,  and  especially  by  Trilobites  of  the  following 
forms — Sphagrexoehvu  minis,  Chdruras  juvenis,  C.  canerurus,  C. 
gdasinosuB^  C,  octolobatus^  Lichas  laxaius,  L,  hibemicuSy  Fllamus 
Bowmannt,  I,  Davisii^  Phacc^s  macrourus,  P.  apiculattu,  constituting 
amongst  the  latter  a  characteristic  assemblage  of  Caradoc  or  Bala 
types.  It  is  somewhat  curious  that  of  the  two  commonest  and  most 
characterilstic  Trilobites  of  the  Dufton  shales,  Calymene  Blumen- 
hachii  is  hardly  known  in  the  Coniston  Limestone,  and  Trinucltus 
eoncentricus  is  generally  absent.  The  latter  occurs  plentifully  in  the 
"  7Wnu<;/eti5-shales  "  of  Prof.  Hughes,  a  locally  developed  group  at 
the  summit  of  the  Conistou  Limestone  in  the  Sedbergh  district. 
The  evidence  to  be  derived  from  the  Brachiopods  is  equally  con- 
clusive with  that  of  the  Trilobites,  all  the  common  forms  being  cha- 
racteristic species  of  the  Bala  formation ;  but  it  is  not  necessary  to 
enter  into  further  details  on  this  point. 

It  remains  briefly  to  consider  the  conditions  under  which  the 
Coniston  Limestone  series  was  deposited.  On  this  matter  we  wish 
especially  to  indicate  that  there  seems  to  be  good  evidence  that  the 
volcanic  activity  which  produced  the  vast  mass  of  ash,  breccias,  and 
lavas  constituting  the  Borrowdale  series,  though  greatly  mitigated 
in  intensity,  had  not  entirely  died  out  during  the  period  of  the 
deposition  of  the  Coniston  Limestone  and  Dufton  Shales,  but  con- 
tinued to  operate  at  occasional  intervals.  It  would  seem  probable 
that  the  Lake-district  was  not  entirely  submerged  at  the  time  when 
the  Coniston  series  began  to  be  laid  down,  but  that  a  portion  of 
the  volcanic  region  remained  above  the  level  of  the  sea,  its  vents 
occasionally  giving  exit  to  showers  of  volcanic  ashes  or  even  currents 
of  lava.  If  this  hypothesis  be  established,  it  would  follow  that  there 
was  no  breach  of  continuity  between  the  close  of  the  Borrowdale 
series  and  the  commencement  of  the  Coniston  series,  but  that  the 
two  groups  of  rocks  are  intimately  related,  and  in  point  of  fact 
actually  overlap  one  another  in  time.  The  principal  grounds  which 
at  present  appear  to  indicate  the  correctness  of  this  hypothesis  may 
be  briefly  stated  as  follows : — 

(1)  The  intercalation  in  the  Borrowdale  series,  close  to  its  summit, 
of  a  band  of  fossiliferous  shales  containing  Bala  species,  proves  that 
the  volcanic  energy  of  this  period  still  continued  in  force  at  a  time 
when  the  sea  was  peopled  with  well-known  Bala  Brachiopods  and 
Trilobites.  The  shales  in  question  (Style-End  Grassing  beds)  are 
usually  separated  from  the  Coniston  Limestone  proper  by  a  mass  of 
lava ;  but  they  are  undoubtedly  to  be  regarded  as,  paleeontologically, 
a  portion  of  the  Coniston  series. 

(2)  The  presence  of  beds  of  ashes,  containing  numerous  fossils, 
high  up  in  the  Dufton  Shales  at  Swindale,  near  Knock,  proves  simi- 
larly that  the  volcanic  eruptions  of  the  preceding  period  had  not 
entirely  ceased  at  the  time  when  the  Dufton  shales  were  in  course 
of  formation,  and  these  shales,  as  we  have  seen,  belong  palaeonto- 
logically  to  the  Lower  Coniston  group,  and  are  only  a  local  develop- 
ment of  the  base  of  the  Coniston  Limestone  itself. 
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(3)  The  presence,  near  the  summit  of  the  Coniston  Limefltone 
itself,  at  Shap  Wells,  of  a  calcareous  breccia  containing  nmnerotB 
fragments  of  ash  proves  that  an  erapUon  took  place  towards  the 
close  of  the  period  during  which  the  Coniston  Limestone  was  depo- 
sited. Nor  does  the  site  of  thia  eruption  appear  to  hare  be^i  veiy 
far  removed  from  Shap  Wells  itself ;  for  the  microscopic  investiga- 
tion of  this  breccia  indicates  that  some  of  the  older  and  previooal  j 
formed  beds  of  the  Coniston  Limestones  were  broken  up  by  tliis 
outburst,  and  were  thrown  over  the  sea-bottom  along  with  innu- 
merable fragments  of  ash,  the  whole  being  subsequently  cem^ited 
together  by  calcareous  ooze  to  constitute  the  singular  sta-atiun  in 
question. 

(4)  The  presence  in  the  Coniston  Limestone  in  the  Sedber^ 
district,  as  shown  by  Prof.  Hughes,  of  interbedded  felstones,  prores 
conclusively  the  occurrence  of  volcanic  eruptions  contemporanecma 
with  the  deposition  of  the  limestone,  in  this  grea  at  any  rate,  if  not 
elsewhere. 

(5)  By  the  supposition  we  have  brought  forward  a  satisfictoiy 
explanation  is  obtained  of  a  certain  amount  of  apparent  diseordanoe 
between  the  Coniston  Limestone  and  the  underlying  volcanic  Bor- 
rowdale  rocks.  This  discordance,  so  far  as  it  exists,  might  be  set 
down  as  due  to  a  want  of  conformity ;  but  we  do  not  think  that  this 
is  its  true  explanation. 

If  the  views  we  entertain  be  correct,  it  is  rather  due  to  the  fact 
that  the  Coniston  Limestone  was  deposited  round  the  shores  of  the 
volcanic  nucleus  of  the  Lake-district  very  much  after  the  fashion 
that  a  modem  limestone  might  have  been  in  process  of  formation 
for  thousands  of  years  off  the  coasts  of  Sicily.  In  such  a  case  beds 
of  limestone  would  wrap  round  sheets  of  lava  so  as  to  be  apparently 
transgressive  thereon,  or  might  bo  interstratificd  with  strata  of  tuff, 
of  ash,  or  of  volcanic  rocks.  Any  seeming  discordance  between  tho 
calcareous  series  and  the  volcanic  products  would  be  due,  not  to 
absolute  unconformability,  indicating  a  lapse  of  time,  but  simply  to 
the  difference  in  the  method  by  which  the  two  groups  were 
formed.  In  spite  of  any  apparent  discordance,  both  groups  would 
belong  to  the  same  period,  and  in  part  they  would  be  actually  con- 
temporaneous. 

If  these  inferences  be  conffrmed  by  further  researches,  it  will 
follow  that  the  Borrowdale  rocks  must  be  regarded  as  being  of 
Lower-Bala  age.  As  the  Skiddaw  slates  are  unquestionably  Ar^iig, 
and  the  Coniston  Limestone  equally  unquestionably  Bala,  the  only 
other  view  which  could  be  taken  as  to  the  Borrowdale  series  would 
be  to  refer  them  to  the  Llandeilo.  Apart,  however,  from  the  con- 
siderations just  mentioned,  this  view  is  rendered  unlikely  by  the  fiact 
that  the  great  series  of  Llandeilo  rocks  developed  in  the  south  of 
Scotland  appears  to  bo  wholly  free  from  intermixture  with  con- 
temporaneous igneous  matter.  We  can  hardly  suppose  that  such 
could  possibly  have  been  the  case,  if  the  Llandeilo  strata  of  the 
southern  uplands  of  Scotland  had  been  in  process  of  formation  at  a 
time  when  the  doeely  adjoining  region  of  the  Lake-district  was  the 
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scene  of  the  intense  volcanic  activity  which  gave  birth  to  the  Bop- 
rowdale  series. 


3.   GbAPTOLITIC  MTTDBTOirBS. 

Besting  directly  npon  the  Coniston  Limestone,  in  every  locality 
where  the  summit  of  the  latter  has  been  recognized,  is  a  series  of 
dark-coloured  Mudstones  and  grey  Shales,  which,  though  of  small 
vertical  thickness,  are  of  especial  interest  from  the  organic  remains 
which  they  contain.  These  beds  were  originally  described  by  us 
(Quart  Joum.  Qcoh  Soc.  vol.  xxiv.  p.  296) ;  and  to  them  was  applied 
the  name  "  Graptolitic  Mudstones,"  as  indicating  their  general  mineral 
character  and  the  predominant  fossils  which  they  yield.  Subse- 
quently, as  an  alternative  local  name,  the  title  *'  Skelgill  Beds  "  was 
proposed  by  one  of  us  for  these  strata,  from  the  farm  of  High  Skelgill, 
near  Ambleside,  where  they  are  typically  developed  (Nicholson  and 
I^pworth,  Rep.  Brit.  Assoc.  Bristol,  1875).  As  before  stated,  imme- 
diately above  the  highest  member  of  the  Coniston  Limestone  these 
Graptolitic  Mudstones  come  on.  The  finest  sections  of  the  series, 
however,  are  to  be  found  on  both  sides  of  Long  Sleddale,  in  Skelgill 
Beck,  near  Ambleside,  in  Appletreeworth  Beck,  and  in  Swindale 
Beck,  near  Knock. 

Many  other  localities  exhibit  the  same  beds ;  but  they  are  gene- 
rally badly  exposed,  and,  from  their  comparatively  soft  nature,  they 
often  become  so  far  worn  down  as  to  be  indicated  simply  by  a 
depression  immediately  following  the  outcrop  of  the  limestone. 

In  their  mineral  characters  the  Graptolitic  Mudstones  are  so  well 
marked  that  they  may  be  recognized  by  this  alone,  apart  from  the 
detection  of  their  characteristic  fossils.  They  consist  of  dark-coloured, 
often  neaiiy  or  quite  black  Mudstones,  which  are  sometimes  anthra- 
citic,  the  joints  of  which  are  characteristically  iron-stained.  These 
dark  Mudstones  are  replete  with  beautifully  preserved  Graptolites, 
and  alternate  in  successive  bands  with  lighter  and  darker  grey  or 
even  sometimes  greenish  shales,  both  the  light  and  dark  bands  being 
more  or  less  cleaved.  Annexed  is  a  diagrammatic  sketch  (fig.  3) 
showing  the  succession  of  the  strata  at  Skelgill,  where  the  Graptolitic 
Mud-stones  are  admirably  exhibited. 

In  our  earlier  researches  in  the  Ghraptolitic  Mudstones  we  devoted 
ourselves  principally  to  the  black  bands  containing  Graptolites,  a 
large  number  of  species  of  these  organisms  being  described  by  one 
of  the  present  writers  from  this  group  (Nicholson,  Quart.  Joum.  Geol. 
Soc.  vok  xxiv.  p.  521).  More  recently  an  examination  has  been 
made,  in  greater  detail,  of  the  grey  bands  which  interstratify  the 
dark-coloured  graptolitic  layers,  with  the  gratifying  result  that  these 
have  been  proved  to  contain  a  considerable  number  of  fossils  of 
hi^er  organization  than  Graptolites.  We  append  a  list  of  the  more 
important  species  of  Graptolites,  and  of  the  other  fossils  at  present 
known  as  occurring  in  this  series. 

a  J.  G.  8.  No.  131.  2 1 
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Yig,  3,--~I>iagram  showing  the  vertical  Succetsian  of  the  Silwrian 
Strata  in  SkelgiU  Beck,  near  Ambleside. 


I 


Base  of  «ie  Conirton  Hajt  (Broaghtcai- 
Moor  FlMi),  with  Momffraptma  oefc- 
nus,  MtMUm  Gtimtnamua,  &e. 


■< 


Knock  beds.    Oreemsh  tUtes  witk  den- 
dritet,  oMta  of  ft  smaU  OrMw,  &c 


Graptolitic  Hudstonee,  with  munerooi 
Gnptolites  and  other  fonila.  At  a  is 
the  lowest  Graptolitio  band  restins 
directly  opon  the  limestone:  and 
immediatelT  aboTe  it  (6)  is  a  grej 
band  fall  of  Bracfaiopods. 


Coniston  lamertome  proper,  consi^ng  of 
shales  alternating  with  bands  of  lime- 
stone and  layers  of  calcareous  concre- 
tions. The  shales  are  highly  fosaili- 
ferous. 


Summit  of  the  Borrowdale  series,  e  is  a 
thin  band  of  ashes  represenhng  tte 
Btyle-End  Grassing  beds.  It  is  mu 
of  spots  of  peronde  of  iron  and  TH*y 
canities,  apparently  due  to  the  decom- 
position of  fossils. 
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Fossils  of  the  Oraptolltic  Mudstones. 

G-BAPTOLITIDJI. 

1.  Climacogtapius  teretiusculua,  Bis,    ETorywhere. 

2.  Diploffraptus  prUtis,  His.     Long  Sleddale. 

3.  pahneus,  Barr.    SkelgilL 

4.  tajnariscus,  Nich.     Skelffill. 

5.  co^fertus,  Nich.    Skelj^. 

6.  Monoffraptus  Sedffwickii,  FoTtl    Skelgill  &c 

7.  Nifssoni,  Barr.     Skelgill  &<j. 

8.  ^nigerus^  Nidi.     Long  Sleddale. 

9.  intermediiiSj  Oarr.     SkelsilL 

10.  grtgariuSi  Lapw.    ^elgm. 

11.  rfi»ore^i«,  N  ion.    Long  Sleddale. 

12.  domttarius,  His.    Moeedale  &c. 

13.  lobiferus,  WCoj.    SkelgiU. 

14.  turriculatuSy  Barr.     Long  Sleddale. 

15.  fimbriatusy  Nich.    SkelgiU. 

16.  triangulatus^  Harkn.    Skelgill. 

17.  Rastrites  pere^nus,  Barr.    Skedmll  Ac 

18.  distans,  Lapw.    Long  Sleddale. 

19.  Betiolites  perUttuSj  Nich.     Long  Sleddale. 

ACTINOIOA. 

1.  JFViwmieSy  sp.    A  form  resembling  young  specimens  ot  F,  gothlandiccu, 

Lam.,  but  with  only  a  single  row  of  lai^  mural  pores,  each  of  which 
is  surrounded  by  a  raised  margin  on  each  of  the  prismatic  faces  of 
the  ooralUtes.    Known  by  oasts  only.     Skelgill  BecK. 

2.  Favosifes,  sp.     A  form  with  smaller  corallites  than  the  preceding,  and 

haying  tne  walls  perforated  with  numerous  minute  irregular  mural 
pores ;  corallum  pyriform.     Known  from  casts  only.    Smgill. 

Bbachiopoda. 

1 .  Sirophomena  txpasMa,  Sow.    Skelgill. 

2.  Oriiw  vespertUio,  Sow.    Skelgill. 

3.  flabellulum,8ow,?    Skelgill. 

4.  elegantvla,  Dalm.  ?    SkfSmlL 

■5.  ,  sp.    A  small  indetermimwle  form.    Skelgill. 

Cephalopoda. 

\.  Endoceraaproteiforme.llvlX,    SkelgilU 
2.  Orthoceras  artgulatum,  WahL    Skelgill 

Cbustacea. 

1.  Agnoshts  Mnodtts,  Salt    SkelgilL 

2.  Pikacops  apicidatus,  Salt.    SkdgilL 

3.  Cheinurus  bimttcronatus,  Murch.    Skelgill. 

4.  Harpes  Flanagani,  PorU.    SkelgilL 

5.  Calymene  aenaria^  Oonr.  (?).    A  single  imperfect  example  only.    Skelgill. 

6.  TrinuclensJimbriatuSf  Murch.    SkelgilL 

7.  Diacinocaris,  sp.    A  Phyllopod  wiUi  a  concentrically  striated,  nearly 

circular  carapace,  nearly  resembling  D.  Brotmiana^  H.  Woodward, 
from  the  Llandeilo  rocks  near  Moffat.    Not  uncommon  in  the  Mud> 
*•  stones  at  Skelgill  and  Poolwyke. 

All  tihe  more  highly  organized  fossils  of  the  above  list  were  obtained 
from  beds  unequivocally  belonging  to  the  Graptolitic  Mudstonee. 
Some  of  them,  such  a^  Endoceras  proteiforme  and  the  species  of 

2i2 
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Discinocaris,  are  fooud  in  the  darkest  and  most  highly  fossiliferoos 
gn^tolitic  cones.  The  Trilobites  were  obtained  exclusively  from  a 
dark  grey  band  lying  between  two  graptolitiferons  bands,  about  ten 
feet  above  the  highest  bed  of  the  Coniston  Limestone. 

Lastly,  all  the  Brachiopods,  with  the  exception  of  a  common  but 
undetermined  Orthis  of  small  size,  were  procured  from  a  single  band, 
the  position  of  which  is  shown  with  absolute  clearness  at  several 
points  in  the  course  of  Skelgill  Beck. 

The  highest  bed  of  the  Coniston  Limestone  in  this  locality  is  for> 
tunately  actually  a  limestone,  and  not  merely  a  calcareous  shale; 
and  it  is  seen  at  various  points  to  be  directly  overlain  by  a  thin 
band  of  the  characteristic  black  Mudstone,  not  more  than  six  or 
eight  inches  in  thickness,  containing  numerous  Graptolites  (CUma- 
cograptus  &c).  The  direct  contact  and  juncture  of  the  limestone 
and  the  above-mentioned  graptoUtiferous  band  can  be  observed  at 
various  spots ;  and  the  latter  is  at  once  surmounted  by  a  dark  grey 
shale,  about  eighteen  inches  in  thickness,  from  which  GraptoUtes 
are  almost  entirely  absent,  but  in  which  the  great  majority  of  the 
Brachiopods  were  obtained ;  and  this  shale  is  immediately  succeeded  by 
a  second  graptoliferous  band.  The  shale  affording  the  Brachiopods  is 
highly  cleaved ;  and  these  shells  are,  unfortunately,  so  much  distorted 
as  to  render  their  determination  a  matter  of  considerable  difficulty. 
The  Trilobites,  on  the  other  hand,  occur  in  a  zone  several  feet  higher 
in  the  series,  surmounted  in  turn  by  other  graptolitiferons  beds,  and 
they  are  so  well  preserved  as  to  admit  of  ready  and  complete  iden- 
tification. 

Any  doubt  which  might  have  been  previously  entertained  as  to 
the  precise  age  of  the  Graptolitic  Mudstones  seems  to  be  removed 
by  the  fossils  recently  obtained  from  these  beds. 

It  has  been  already  mentioned  that  these  Mudstones  were  to  be 
regarded  as  of  Lower-Silurian  age ;  and  the  materials  at  present  in 
our  hands  appear  entirely  to  confinn  this  view.  Leaving  the  evidence 
afforded  by  the  Graptolites  to  be  considered  separately,  it  is  impos- 
sible to  doubt  thfit  t^e  f aima  of  the  Mudstones  is  essentially  a  Lower- 
Silurian  fauna.  Amongst  the  Trilobites  Aanostus  trinodus,  Phttccps 
apiculatWy  Calymene  senaria^  Trinticleus  fimhricUus,  and  Cheirurvs 
bimwTonatfis  are  characteristic  Bala  forms ;  and  all  of  them,  with 
the  exception  of  the  last  mentioned,  are  exclusively  confined  to 
rocks  of  Lower-Silurian  age.  Harpes  Flanagani,  the  sole  remaining 
form  that  we  have  been  able  to  determine  with  certainty,  is  a  Bala 
type  from  T3rrone  and  Desertecreat.  The  Discinoearis  b  closely 
allied  to  if  not  absolutely  identical  with  D,  Brouniana^  a  well-known 
fossil  from  the  graptolitic  Lower  Silurians  near  Moffat. 

Of  the  Cephalopoda  the  singular  Endoeeras  proteiforme  is  a  cha- 
racteristic fossil  of  the  Trenton  Limestone  (IJandeilo-Caradoc)  of 
North  America,  and  Orthoceras  angulatum  ranges  from  the  Bala  to 
the  Ludlow  group.  The  Brachiopoda,  even  when  so  much  distorted 
as  to  be  specifically  indeterminable,  have  nevertheless  a  distinct 
Lower-Silurian  facies;  and  Orthia  veaperUlio  with  Strophomena 
expansa  are  characteristic  types  of  the  Bala  rocks.     T^astly,  the  few 
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oorals  which  have  been  foimd  axe  not  such  as  to  give  any  guide  to 
the  age  of  the  strata,  all  that  can  be  said  being  that  they  belong  to 
&  type  not  hitherto  recognized  in  the  underlying  Coniston  Lime- 
stone. 

The  clear  evidence  borne  by  the  Crustacea,  Brachiopoda,  and  Ce- 
phalopoda as  to  the  Lower-Silurian  age  of  the  Qraptolitic  Mudstones, 
is  still  further  substantiated  when  we  consider  the  characters  of  the 
Graptolites  themselves,  by  far  the  most  abundant  fossils  in  this 
series.  Without  entering  into  any  minute  analysis  of  the  Grapto- 
lites found  in  these  rocks,  it  may  at  once  be  stated  that  they  con- 
stitute an  assemblage  of  forms  of  an  unequivocally  Lower-SUurian 
aspect.  This  is  proved  by  the  presence,  in  abundance,  of  represen- 
tatives of  the  Diprionidian  genera  Diplogr(yf>tu8  and  ClimacograptuSy 
by  the  remarkable  variety  of  the  species  of  Monograptus^  and  by  the 
presence  of  the  genus  RastritcB.  At  the  same  time,  that  the  Grap- 
tolitic  Mudstones  are  not  low  down  in  the  Lower  Silurian  series  is 
eqtially  clearly  shown  by  the  total  absence  of  the  genera  Didymo- 
graptus  and  Dicranograptus, 

As  regards  the  species  of  Graptolites,  Climacograptus  teretiusculus, 
Diplograptus  pristis,  D.  palmeuSy  D,  tamarisctiSj  Monograptus  Sedg- 
wtckit^  M.  triangulatus,  M.  spinigerus,  M,  intermedius,  M.  gregarius^ 
M.  Sagittarius^  M,  fimbriatuSy  M.  lobiferus^  M,  Nilssoni^  Eastrites 
peregrinuSy  B,  distans  are  all  found  in  the  Moffat  shales  of  the  south 
of  Scotland,  and  are  more  especially  characteristic  of  that  division 
of  the  Moffat  shales  to  which  Mr.  Lapworth  has  given  the  name  of 
the  "  Birkhill  Group."  Thus  nearly  three  fourths,  or  seventy-five  per 
cent.,  of  the  total  number  of  Graptolites  known  in  the  Mudstones, 
including  all  the  common  and  characteristic  species  of  the  group, 
can  be  specifically  identified  with  forms  which  serve  to  mark  the 
Lower  Silurian  rocks  of  the  southern  uplands  of  Scotland,  the  posi- 
tion of  which  has  never  been  questioned. 

Taking  all  the  various  fossils  now  known  from  the  Graptolitic 
Mudstones  t(^ther,  it  is  impossible  to  doubt  that  the  balance  of  the 
palseontologi(^  evidence  is  overwhelmingly  in  favour  of  the  view 
that  this  formation  is  of  Lower-Silurian  age. 

Such  being  the  case,  the  Graptolitic  Mudstones  must  corre- 
spond in  position  with  the  highest  beds  of  the  Bala  series  or  with 
the  lower  portion  of  the  Llandovery  group ;  and  this  is  the  direction 
in  which  we  believe  all  the  evidence  tends.  As  to  the  predse  physical 
relations  between  the  Graptolitic  Mudstones  and  the  subjacent 
Coniston  Limestone,  we  are  of  opinion  that  the  two  groups  are 
strictly  conformable  to  one  another.  Not  only  are  the  Mudstones 
invariably  found  in  their  proper  position,  resting  upon  the  limestone, 
as  seen  when  there  are  sections  of  these  groups,  but  no  discordance 
can  be  detected,  as  regards  the  dip  and  strike,  between  the  two  series 
where  they  cannot  be  seen  in  actual  contact. 

Moreover  (and  this  appears  to  us  to  be  an  argument  of  the  greatest 
weight)  it  cannot  be  shown  that  there  is  any  overlap  of  the  Grap- 
toHtic  Mudstones  upon  the  Coniston  Limestone,  the  former  always 
resting,  so  far  as  we  have  scon,  upon  the  highest  bed  of  the  latter. 
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If  it  be  remembered  that  along  one  line  of  outcrop  alone,  from 
Appletreeworth  Beck  to  Shap  WcUb,  the  Graptolitic  Mndstones  can 
be  traced  almost  oontinuonaly  succeeding  the  lunestone  for  a  distance 
of  about  twenty-four  miles,  it  will  be  seen  to  be  almost  impossible 
that  any  want  of  conformity,  however  slight,  could  exist  without 
there  being,  at  the  same  time,  a  transgression  of  the  Mudstonee  over 
the  Limestones.  It  is  true  that,  owing  to  the  circumstance  that  the 
calcareous  matter  of  the  Coniston  Limestone  series  is  disposed  in  the 
form  of  irregular  lenticular  masses  or  concretionary  layers,  the  litho- 
logioal  character  of  the  bed  immediately  below  the  Mudstones  is  not 
invariably  the  same,  being  at  one  time  a  limestone  and  at  aDotho* 
a  calcareous  shale.  This,  however,  is  due  to  an  irregularity  of  de- 
position which  obtains  throughout  the  entire  limestone  series  ;  and 
we  have  failed  to  find  any  evidence  that  the  Graptolitic  Mudstones 
ever  rest  upon  any  of  the  lower  beds  of  the  Coniston  limestone. 
As  the  latter  group  is  of  small  thickness,  and  as  its  main  line  of 
outcrop  is  a  very  long  one,  such  an  overlap  must  occnr,  supposing 
unconformity  to  exist ;  and  in  all  probability  we  should  even  find 
the  Mudstones  passing  across  the  limestones  and  resting  upon  the 
older  Borrowdale  series. 

The  absence  therefore  of  any  unobserved  overlap  is,  under  the 
circumstances,  the  strongest  possible  proof  that  the  Mudstones  are 
entirely  conformable  to  the  Coniston  lamestone. 

That  the  Graptolitic  Mudstones  constitute  a  geological  horizon  of 
a  definite  character,  and  of  much  more  than  mere  local  importance, 
is  shown  by  the  fact  that  they  can  be  recognized  in  Ireland  in  cir- 
cumstances similar  to  those  under  which  they  occur  in  the  north- 
west of  England  (see  Appendix).  They  have  also  been  recognized 
in  Sweden,  in  Carinthia,  and  in  Bohemia,  while  future  researches 
will  doubtless  bring  corresponding  strata  to  light  in  other  Lower- 
Silurian  regions. 

In  Sweden  Dr.  Linnarsson  has  shown  (Geol.  Mag.  June,  1876) 
that  the  so-called  *'  Upper  Graptolitic  Schists  "  are  the  equivalents  in 
that  country  of  the  Ghraptolitic  Mudstones  of  the  north  of  England. 
These  Upper  Graptolitic  Schists,  as  seen  in  Westrogothia  and  Ostro- 
gothia,  are  the  highest  Silurian  rocks  exposed  to  view,  so  that  they 
add  nothing  to  the  evidence  as  to  the  age  of  the  Coniston  Mud- 
stones. 

In  Scania,  however,  they  are  overlain  by  undoubted  Upper  Silurian 
beds ;  and  in  Dalecarlia  they  are  surmounted  by  a  locally  developed 
limestone  (the  '^  Leptsena  Limestone  *'  of  Tomqmst),  which  appears 
to  form  either  the  summit  of  the  Lower  Silurian  or  the  base  of  the 
Upper  Silurian,  being  in  turn  covered  by  the  undoubted  Upper 
Silurian  "^^imnwruj-beds."  Upon  the  whole,  therefore,  the  evidence 
to  be  derived  from  the  Swedish  area  entirely  corroborates  the  view 
that  the  Graptolitic  Mudstones  are  of  Lower-Silurian  age. 

In  Carinthia,  beds  corresponding  precisely  with  the  Graptolitic 
Mudstones  have  been  described  by  Dr.  Guide  Stache  (Die  Grapto- 
lithen-Schiefer  am  Ostemig-Berge  in  Kamten) ;  and  the  parallelisin 
of  the  two  deposits  has  been  fully  noticed  by  this  distinguished 


Digitized  by  VjOOQIC 


THB  BORBOWDALE  8BRIBS  AJTD  THB  CONISTON  FLA08.  477 

obeerver.  Unfortunately  the  succession  of  the  Silurian  strata  in 
Uie  Ostemig  is  still  so  obscure  as  not  to  permit  of  any  safe  con- 
clusions being  drawn  as  to  the  precise  stratigraphical  horizon  of 
these  beds,  though  Dr.  Stache  concludes  that  they  stand  on  the 
borderland  between  the  Lower  and  Upper  Silurians. 

In  Bohemia  we  find  the  representatives  of  the  Graptolitic  Mud- 
stones  in  the  "Colonies"  of  Barrande's  £tage  D  and  in  the  lower 
portion  of  the  £tage  E  of  the  same  eminent  palaeontologist. 

These  beds,  as  is  well  known,  are  referred  by  M.  Barrande  to  the 
base  of  the  Upper  Silurian. 

Without,  however,  entering  fully  into  this  question  here,  and  dis- 
r^arding  the  strong  evidence  which  we  now  hold  as  to  the  Lower- 
Silurian  age  of  our  Graptolitic  Mudstones,  we  would  simply  point 
out  that  M.  Barrande  himself  fully  admits  that  the  succession  of 
Silurian  life  in  the  Bohemian  area  was  loiter,  stage  by  stage,  than  in 
the  northern  European  and  British  areas.  Thus  he  supposed  that 
the  Bohemian  area  was  peopled  with  a  general  Zoti/er-Silurian  fauna 
at  a  time  when  the  North  European  and  British  areas  were  peopled 
with  a  general  Z^>p^-Silurian  fauna,  and  he  employs  this  suppo- 
sition to  explain  the  phenomena  of  the  "Colonies."  Admitting 
therefore  that  the  "  Colonies  "  and  the  lower  portion  of  £tage  E  are 
Upper  Silurian,  it  would  in  no  way  follow  that  the  corresponding 
Graptolitic  Mudstones  of  the  north  of  England  are  also  Upper 
Silurian.  '  On  the  contrary,  by  M.  Barrande's  own  theory,  the 
Graptolitic  Mudstones  ought  to  be  Lower  Silurian,  being  thus  "  ho- 
motaxeous,"  but  not  "contemporaneous"  with  the  lower  part  of 
£tage  E  of  Bohemia.  We  thus  see  that  the  evidence  to  be  derived 
from  Bohemia,  though  apparently  at  conflict  with  our  views  as  to 
the  age  of  the  Graptolitic  Mudstones,  is,  when  fully  analyzed,  an 
additional  ai^ument  in  favour  of  our  conclusions. 

4.  Kkock  Beds. 

The  Graptolitic  Mudstones  are  succeeded  by  a  series  of  strata  for 
which  the  name  of  "  Knock  beds  "  has  been  proposed  (Nicholson  & 
Lapworth,  Rep.  Brit.  Assoc.  Bristol,  1876),  on  account  of  their  ex- 
cellent development  in  Swindale  Beck,  near  Knock.  Lithologically 
the  Knock  beds  present  a  singular  uniformity  wherever  they  are 
found,  enabling  them  to  be  recognized  with  the  greatest  readiness. 
They  consist  principally  of  pale  green,  fine-grained  slates,  extremely 
ashy  in  their  appearance,  exhibiting  numerous  dendrites,  and  very 
commonly  containing  crystals  of  cubic  pyrites.  Along  with  these 
greenish  slates  are  often  well-marked  bands  of  red  and  purple  slates 
of  the  same  grain  and  texture  as  the  preceding ;  and  occasionally 
there  is  met  with  a  thin  band  having  a  grey  or  even  a  nearly  black 
colour,  though  this  is  exceptional.  The  general  strike  and  dip  of 
the  Knock  beds  conform  with  those  of  the  underlying  Graptolitic 
Mudstones  ;  and  there  is,  at  present,  no  clear  evidence  of  any  want 
of  conformity  between  the  two  groups. 

The  Knock  beds  have  been  subjected  to  a  varying  but  always  a 
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Ingh  amount  of  demvage ;  and  fossilB,  though  by  no  means  whollj 
unknown  in  them,  are  almost  always  more  or  less  distorted.  At 
Knock  they  have  yielded  only  two  Graptolites,  yis.  Monogmptu* 
priodon^  Bronn,  and  M.  hr<ntghtonen$i$^  Nioh.  &  Li^w.  At  Skelgill, 
and  on  the  high  ground  between  this  place  and  i^  Tale  of  Trout- 
beck,  they  have  afforded  many  specimens  of  small  Brachiopods  (Orthis 
and  Disdna)  and  minute  Lamellibranchs.  These,  however,  occur 
only  in  the  form  of  external  and  internal  casts ;  and,  as  yet,  no  con- 
clusion has  been  arrived  at  concerning  their  specific  forms. 

The  Knock  beds  are  directly  surmounted  by  ihe  well-known 
and  well-marked  group  the  '^Coniston  Flags,"  a  series  of  strata 
ocHxesponding  to  the  *'  Denbighshire  Flags "  of  North  Wales,  and 
which  have  been  clearly  shown,  more  especially  by  the  researches 
of  Prof.  Hughes,  to  be  of  Upper-Silurian  age.  As  to  the  exact  age 
of  the  Knock  beds,  it  is  not  to  be  denied  that  sufficient  evidence 
is  yet  wanting  on  which  to  found  any  positive  or  final  opinion. 
They  rest  upon  the  Graptolitic  Mudstones,  which  we  have  shown  to 
be  placed  nearly  or  quite  at  the  summit  of  the  Lower  Silurian ;  and 
they  are  overlain  by  the  Coniston  Flags,  which  are  quite  or  nearly 
the  base  of  the  Upper  Silurian.  It  is  therefore  dear,  from  their 
physical  position,  that  the  Knock  beds  must  be  either  the  basement 
series  of  the  Upper  Silurian,  or  the  simimit  series  of  the  Lower 
Silurian,  or  a  group  of  passage-beds  between  these  two. 

The  paleontological  evidence  at  present  obtained  is  not  enough  to 
justify  us  in  adopting  definitely  any  one  of  these  hypotheses.  So  far 
as  it  goes,  the  evidence  tends  to  favour  the  view  which  regards  them 
as  the  base  of  the  Upper  Silurians — the  only  two  species  of  Grapto- 
lites  observed  being  forms  common  to  the  overlying  Comston  FLogs, 
whilst  there  appears  to  be  a  complete  absence  of  the  genera  and 
species  characteristic  of  the  Graptolitic  Mudstones. 

Further  researches,  however,  will  undoubtedly  add  to  the  fauna 
of  this  group  of  beds,  and  enable  its  position  to  be  determined  with 
greater  precision. 

In  the  meanwhile  it  can  only  be  said  that  the  conclusion  to  which 
the  few  known  fossils  point  is  corroborated  by  the  strong  lithdogical 
resemblance  between  the  <'  Knock  beds  "  and  the  *'  Tarannon  Slates  ^ 
of  Wales.  We  cannot,  therefore,  be  far  wrong  in  provisionally 
regarding  the  Knock  beds  as  the  base  of  the  Upper  Silurian  series 
of  the  Lake-district,  in  which  case  the  Graptolitic  Mudstones  vnll 
constitute  the  highest  portion  of  the  Lower  Silurians  of  the  same 
area. 


Appendix. — The  Irish  lUpresentatives  of  the  Coniston  Limestone 
and  its  associated  Bocks. 

Lamhay  Island  and  Portraine,  co.  Dublin, 

On  referring  to  a  geological  map  of  the  British  Isles  it  will  be 
seen,  from  the  strike  of  the  Coniston  Limcfitonc  in  the  southern 
portion  of  the  Lake- district,  and  after  it  disappears  under  the  newer 
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rocks  west  of  Millom,  that  its  occurrence  might  he  looked  for  in 
Ireland,  where  rocks  appertaining  to  the  Bala  series  are  seen. 

On  the  coast  of  the  co.  Dnhlin,  the  nearest  locality  where  such 
rocks  could  he  expected  to  appear,  they  are  aheolutely  seen  in  the 
direct  line  of  strike  of  the  Coniston  Limestone  of  the  north-west  of 
England. 

On  Lamhay  Island,  two  and  a  half  miles  east  from  the  mainland, 
in  the  south-east  portion  of  the  island,  we  have  part  of  the  Coniston 
series  forming  a  synclinal,  though  exhibiting  many  of  the  same 
features  and  ^e  same  fossils  which  this  group  of  rocks  in  the  Lake- 
district  affords.  Here  are  grey  limestones  succeeded  by  concre- 
tionary bands  called  by  Mr.  Bu  Noyer  "  coarse  Conglomerates  " 
(Explanations  of  Sheets  102  &  112  of  the  Maps  of  the  Geological 
Survey  of  Ireland).  This  "  Conglomerate  "  is  described  as  "  com- 
posed chiefly  of  rounded  pebbles  and  boulders  of  grey  Silurian 
Limestone,  either  fossiliferous  or  not,  with  fragments  of  dark  cleaved 
state,  grey  grit  and  greenish  grey  greenstone,  and  ash:  in  one 
iiUEitance  a  boulder  of  an  older  Silurian  Conglomerate  was  discovered, 
in  .which  were  rolled  pebbles  of  a  dark  green  close-grained  green- 
stone, the  base  being  a  grey  limestone  containing  SUurian  fossils." 
(Note  by  Mr.  Jukes : — ^**  Some  of  the  SUurian  corals  were  attached 
by  their  bases  to  the  pebbles,  showing  that  they  had  grown  on  them, 
jnst  as  corals  may  now  be  seen  growing  on  pebbles  or  fragments  of 
rocks  along  a  tropical  shore.")  ''The  matrix  of  the  Kiln-Point 
Ck>nglomerate  is  a  black  mud ;  and  throughout  the  deposit  are  irre- 
gular slaty  layers."  "  When  we  get  lower  into  the  mass  we  lose 
^e  conglomerate,  and  find  nothing  but  pure  dark  grey  slates,  which, 
near  Kaven's  Well,  are  found  to  contain  Graptolites  and  thin  calca- 
reous fossiliferous  bands  "  (p.  48). 

It  is  also  stated  that  at  Kiln-Point  the  "  grey  Silurian  Limestone 
is  a  wedge-shaped  mass  of  lumpy  layers,  with  thin  bands  of  dark 
grrey  earthy  shales  between  them,  all  very  much  contorted  and 
resting  on  the  porphyritic  greenstone,  which  has  evidently  come  up 
under  them  while  in  a  pasty  condition  from  heat,  as  it  sends  veins 
and  strings  into  the  lower  beds  of  the  limestone,  and  often  enclosing 
fragments  derived  from  it."  Other  circumstances  indicate  volcanic 
activity  during  the  deposition  of  these  limestones,  even  to  a  greater 
extent  than  has  been  recognized  in  the  Lake-district. 

These  limestones  have  below  them  rocks  intimately  related  to 
those  of  the  Borrowdale  series  of  the  north  of  England,  which  are 
doubtless  the  equivalents  of  the  latter. 

At  Portndne,  on  the  mainland,  immediately  opposite  Lambay, 
there  is  seen,  on  the  coast,  one  of  the  finest  sections  of  the  Coniston 
Limestone  and  its  associated  rocks  which  occurs  in  the  British  Isles. 
Portraine  is  about  two  miles  east  of  Donabate  Station,  on  the 
Dublin  and  Drogheda  Railway.  On  reaching  the  coast  an  exposure 
of  rock  is  seen  a  little  east  of  the  coast-guard  station.  This  consists 
of  a  purple  conglomerate,  laigely  made  up  of  quartz  pebbles,  which 
has  been  designated  Old  Red  Sandstone ;  but  it  is  more  probably 
the  basement  conglomerate   of  the  Carboniferous  formation.     As 
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saoh  it  has  ita  representatdveB  well  exposed  under  the  CarbonifercRB 
Limestones  along  the  eastern  margin  of  the  Lake- district,  and  abt 
under  the  Pennine  escarpment. 

A  short  distance  east  of  the  conglomerate  a  poiphjry,  haTing  a 
delicate  purple  tint  and  containing  well-developed  crTstals  of  a 
greenish  white  felspar,  occurs.  This  porph3rry  is  similar  to  tbai 
which  forms  the  hulk  of  Lamhaj.  Its  purple  tint  is  donhtkas 
due  to  staining  from  the  purple  conglomerate  which,  in  aoiBe 
places,  overlies  it. 

Fragments  of  a  similar  purple  porphyr}'  are  met  with  in  the  Lake- 
district  near  Caldbeck ;  and  in  some  spots  this  porphyry  is  seen  im 
situ  overlain  hy  purple  conglomerates,  when  it  manifests  tlie  same 
tint  as  the  Portraine  porphyry. 

The  Portraine  porphyry  is  succeeded  hy  traps  and  ashes ;  and 
those  are  seen  to  occur  to  heyond  the  farm-house  on  the  coast. 

At  the  farm-house  the  coast  trends  for  a  short  distance  south- east. 
A  little  heyond  this  the  ash-heds  hegin  to  exhibit  trappean  iragxneaita 
in  them,  the  ashes  assuming  the  nature  of  ash-breccias.  The  trap 
fragments,  however,  are  not  the  only  substances  which  the  aahes 
contain ;  calcareous  nodules  also  make  their  appearance  in  them. 

Patches  of  black  shale,  which  show  no  traces  of  volcanic  origin, 
are  also  associated  with  the  ash-beds  ;  and  these  black  shales  afford 
Graptolites  {Climacograptus  teretiusculus).    These  ash-breocias  with 
calcareous  nodules  and  graptolitic  shales  prevail  in  greater  abun- 
dance higher  in  the  series;  and  in  the  cliffs  under  the  MarteUo 
tower  they  are  seen  to  be  succeeded  by  fine  green-coloured  shales 
so  much  affected  by  cleavage  that  their  bedding  can  scarcely  be 
made  out.     There  are  some  small  faults  indicated  by  Mr.  Du  Noyer 
as  occurring  between  where  the  porphyry  is  seen  and  where  the 
green  shales  make  their  appearance.    These,  however,  are  not  of 
sufficient  importance  to  render  the  section  difficult  to  interpret. 
The  green  shales  contain  limestone  nodules  in  bands  which,  though 
much  contorted,  indicate  distinctly  the  lines  of  bedding  of  the  shales, 
these  shales  being,  no  doubt,  of  ashy  origin.     Fossils  occur  in  these 
nodules  and  also  in  those  which  are  found  in  the  ash-breccia ;  and 
these  fossils  are  distinctly  of  a  Bala  type. 

The  ^*  conglomerates,"  before  referml  to  as  seen  on  the  south-east 
side  of  Lambay  Island,  are  a  portion  of  the  ash-breccia  series.  They 
afford  the  same  fossils,  and  they  have  the  same  graptolitic  shales 
accompanying  them. 

As  reguds  the  horizon  in  which  the  nodular  ash-breccias  occur, 
as  compared  with  the  rocks  of  the  north  of  England  between  the 
Borrowdale  group  and  the  Coniston  Flags,  it  would  seem  that  they 
must  be  placed  on  a  parallel  with  thQ9e  of  Style-End  Grassing  and 
with  the  more  amply  developed  Duflon  shales.  To  the  latter  they 
are  in  part  allied  by  their  black  shales,  and  to  the  former  by  their 
ashy  nature.  They  indicate  more  violent  volcanic  activity  in  the 
locality  of  their  deposition  t^n  the  Dufton  shales,  but  less  powerful 
igneous  influences  than  in  the  case  of  the  Style-End  Grassing  ash- 
beds,  where  no  black  shales  occur. 
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Nodular  limestone  bands  have  been  referred  to  as  making  their 
appearance  in  the  highly  cleaved  and  contorted  green  shales.  Near 
the  top  of  these  shales  the  limestone  bands  become  more  predomi- 
nant, and  the  nodules  gradually  change  into  continuous  layers 
succeeded  by  thicker  strata,  the  whole  forming  a  finely  developed 
mass  of  Coniston  Limestone,  in  some  parts  very  fossiliferous.  The 
higher  beds  of  the  series,  however,  again  assume  a  nodular  form ; 
and  at  the  top  of  the  group  a  very  singular  deposit  is  seen.  This 
bears  some  resemblance  to  the  nodular  ash-breccias ;  the  nodules, 
however,  prevail  to  a  much  greater  extent. 

This  bed  is  so  conglomeratic  in  its  aspect  as  to  appear,  at  first 
sight,  a  mass  of  this  nature  overlapping  the  Coniston  Limestone, 
'lids,  however,  is  clearly  not  the  case,  as  there  occurs  underneath 
this  curious  nodular  bed  a  mass  of  a  somewhat  similar  kind,  the  two 
being  separated  from  each  other  by  apparently  ashy  shales  in  which 
nodules  of  limestone  are  seen. 

This  singular  nodular  mass  is  probably  near  the  horizon  of  the 
band  of  lunestone  which  occurs  at  Shap  Wells  as  a  calcareous 
breccia. 

Dark-coloured  rocks  are  seen  resting  conformably  on  the  nodular 
limestone.  In  their  nature  these  rocks  have  a  great  affinity  to  the 
Graptolitic  Mudstones  of  the  Lake-district.  T^ey  occur  in  diflh 
which  are  very  inaccessible,  and  therefore  could  not  be  well  searched 
for  fossils.  Judging  from  their  mineral  aspect  (and  this  is  a  well- 
marked  feature  in  the  Graptolitic  Mudstones),  we  are  disposed  to 
refer  them  to  this  position. 

The  rocks  south  of  the  Coniston  Limestone  of  Portraine  form  a 
synclinal  trough.  Here  the  strata  are  more  accessible  than  where 
the  black  shales  occur.  They  consist  oi  finegrained  greenishr-cohured 
shales^  having  dark  grey  rocjcs  intercalated  with  them.  The  former, 
as  regards  their  nature,  are  identical  with  the  green  rocks  of  the 
Knock  beds.  Their  position  also  allies  them  with  the  latter  strata  ; 
and  they  are  succeeded  by  hard  grey  rocks  having  a  dose  re- 
semblance to  the  Coniston  Flags.  Taking  the  Portraine  section  col- 
lectively, the  nature,  the  arrangement,  and  the  fossils  contained 
in  the  rocks  here  are  such  as  to  justify  us  in  referring  them  to 
positions  lying  between  the  Borrowdale  group  and  the  Coniston 
Flags  of  the  north  of  England. 

To  the  south  of  the  synclinal  alluded  to,  the  continuity  of  the 
Portraine  section  is  broken,  the  coast  being  for  a  short  distance 
sandy. 

Beyond  this  sandy  area  the  Bala  rocks  again  appear  in  the  form  of 
ashes  and  traps,  the  latter  being  the  most  abundant. 

Change  Bill  and  the  Chair  of  Kildare, 

The  line  of  strike  before  alluded  to,  if  continued  south-west  from 
Portraine,  would  bring  us  to  another  area  where  the  Coniston  Lime- 
stone and  its  associated  rocks  are  seen.  This  area  is  in  the  co. 
Kildare,  about  three  miles  north  of  the  town  of  Kildare ;  and  hero 
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the  rooks  are,  in  part,  well  exhibited.  Their  nature  and  arrange- 
ment have  been  described  by  the  officers  of  the  Irish  Geological 
Survey  (description  of  Map  35,  N.E.).  The  hill  of  Grange,  where 
these  rocks  are  best  seen,  consists  principally  of  porphyries,  traps, 
and  ashes,  the  latter  at  one  spot  idBEbrding  abundance  of  fossils  of 
Bala  age.  The  porphyries  have  a  great  affinity  to  those  of  Portraine 
and  Lambay ;  and  the  traps  and  ashes  are  intunately  related  to  those 
of  the  east  coast  of  Ireland. 

The  western  side  of  the  hiU  of  Grange  consists  of  Coniston  lime- 
stone, well  seen  in  the  portion  of  the  hill  known  as  ^'  the  Chair  of 
Kildare  "  and  its  immediate  surroundings.  Judging  from  its  stnke, 
this  limestone  woidd  appear  to  be  brought  against  the  underlying 
igneous  rocks  by  means  of  a  fault.  Although  the  limestone  and 
igneous  rocks  are  well  exposed,  the  strata  wluch  overlie  the  former 
cannot  be  recognized  in  the  hill  of  Grange. 

Though  provided  with  the  six-inch  Map,  on  which  Mr.  Du  Noyer 
recorded  his  observations,  through  the  Idndness  of  Prof.  Hull  and 
Mr.  O'Kelly  of  the  Irish  Geologi^  Survey,  the  rocks  succeeding  the 
limestone  could  not  be  determined  by  us.  The  occurrence  of  dark 
shales  about  this  position  was  indicated  on  the  Map,  but  the  places 
where  they  are  represented  no  longer  show  them. 

The  exposures  seem  to  have  been  in  ditches ;  and  they  are  now 
covered  up.  On  the  west  the  Coniston  Limestone  is  cut  off  by  a 
fault,  '*  the  last  traces  of  it  being  seen  on  the  south-west  brow  of  the 
Chair  hill." 

A  short  distance  south-west  of  the  Chair,  a  hill  called  Dunmury 
occurs.  The  composition  of  this  hill  is  altogether  different  from 
that  of  the  hiU  of  Grange,  neither  limestone  nor  volcanic  products 
being  found  in  connexion  with  it. 

On  the  eastern  side  of  this  hill,  and  on  the  western  side  of  the 
road  to  Kildare,  near  a  well,  a  very  dark-coloured  compact  rock, 
exceedingly  like  the  Graptolitic  Mudstones,  is  seen ;  and  rocks  of  a 
like  nature  occur  westward. 

The  exposures  of  rock  on  this  hill,  however,  are  very  poor ;  Mr. 
Du  Noyer  records,  on  the  map,  the  appearance  of  purple  and  greeu 
rocks  on  the  west  of  the  road  south  of  the  well  above  referred  to. 
These  cannot  now  be  seen ;  and  it  is  probable  they  were  exposed 
when  the  surface  of  the  road  was  levelled.  Judging  from  Mr. 
Du  Noyer's  observations,  these  purple  and  green  rocks  appear  to  be 
nearly  akin  to  the  Knock  beds.  Should  this  be  the  case,  and  taken  in 
connexion  with  the  occurrence  near  them  of  strata  resembling  the 
Graptolitic  Mudstones,  it  would  seem  that  the  rocks  of  Dunmury 
hill  represent  these  two  series. 

It  is  also  to  be  remarked  that  the  outline  of  this  hill  differs  greatly 
from  that  of  the  hill  of  Grange. 

The  contour  of  Dunmury  bears  a  much  greater  affinity  to  the  hiUs 
of  the  north-west  of  England  composed  of  rocks  above  the  Borrow- 
dale  series  than  to  such  as  are  made  up  of  members  of  this  portion 
of  the  Bala  group. 
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Discussion. 

Prof.  Hughes  regretted  that  the  more  important  fossils  were  not 
upon  the  table,  as  he  thought  an  examination  of  them,  or  of  the 
matrix,  might  suggest  some  explanation  of  the  difficulties.  He 
qnestioned  the  discovery  of  Orthis  vespertilio,  Trinueleus,  <fec.  in  the 
Graptolitic  Mudstones ;  and  with  regard  to  the  sections  drawn  by 
the  authors,  he  said  he  had  not  carried  away  quite  the  same  im- 
pression of  the  stratigraphical  position  of  the  beds  in  the  area  de- 
scribed.' He  thought  that  the  Coniston  Limestone  could  seldom  be 
considered  as  one  distinct  mass  of  limestone,  but  that  concretionary 
bands  of  varying  thickness  and  number  appeared  at  various  horizons 
in  a  mass  of  shale  in  which  different  fossils  locally  prevailed  at 
different  horizons.  By  this  kind  of  evidence  it  was  tdmost  but  not 
quite  certain  that  the  Graptolitic  Mudstones  and  their  basement- 
beds  did  rest  on  different  parts  of  the  Lower  Series,  e.  g,  at  SkelgiU, 
on  the  limestone  bands,  and  near  Coniston,  on  the  Ash-Gill  Flags. 
In  the  Craven  district  he  had  found  a  conglomerate  at  the  base  of 
the  Coniston-Elag  Series,  but  no  Graptolitic  Mudstones.  In  the 
Sedbei^h  district  a  sinular  conglomerate  seemed  distinctly  to 
underlie  the  Graptolitic  Mudstones.  He  allowed  that  the  fades  of 
the  Graptolites  was  very  like  that  of  the  Lower  Series,  but  pointed 
out  that  Barrande  had  got  the  very  same  group  in  his  E,  e\  %  at  the 
base  of  his  Upper  Series. 

He  further  pointed  out  that  there  were  in  North  Wales  two  sets 
of  pale  slates,  one  near  the  top  of  the  Lower  Series,  the  other  near 
the  base  of  the  Upper,  and  probably  derived  at  second  hand  from 
older  volcanic  rooks.  Only  the  Upper  were  well  marked  in  the  Lake- 
district  ;  and  these  were  the  Knock  beds  of  the  authors. 

Mr.  Db  JEUnce  stated  that  he  had  spent  two  years  in  mapping 
the  rocks  of  the  Volcanic  (Borrowdale)  series  underlying  those  under 
consideration.  He  agreed  with  Prof.  Hughes,  that  the  fossiliferous 
calcareous  band  referred  to  by  the  authors  belonged  to  the  Conis- 
ton Limestone,  and  not  to  the  underlying  volcanic  rocks,  as  stated 
by  them.  And  he  remarked  that  in  tracing  the  outcrop  of  the 
Coniston  Limestone  across  country,  it  was  found  to  rest  upon  diffe- 
rent and  successive  members  of  the  underlying  volcanic  series, 
which  plunge  under  it  with  varying  direction  of  strike  and  amount 
of  dip,  the  unconformity  being  so  marked  between  the  two  sets  of 
rocks  that  occasionally  the  volcanic  series  appear  to  have  obtained  a 
dip,  been  denuded,  and  faulted  before  the  deposition  of  the  over- 
lying Coniston  series. 

Ifcr.  Hicks  differed  from  Prof.  Hughes  as  to  the  value  of  the 
paper,  which  he  regarded  as  at  all  events  opening  a  question  on 
whicli  other  observers  might  be  induced  to  bring  forward  their 
views.  He  inquired  whether  Mr.  De  Eance's  statements  showing 
unconformity  at  the  base  of  the  Coniston  series  did  not  conflict 
with  the  views  of  Prof.  Hughes.  He  thought  that  there  was  no 
occasion  to  be  surprised  at  repetitions  of  beds  in  such  a  district.  In 
some  sections  there  is  no  visible  unconformity  between  the  base  of 
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the  Upper  and  the  top  of  the  Lower  Silurians,  whilst  in  others  % 
real  or  apparent  unconformity  occurs.  He  expressed  much  soijffise 
at  some  of  the  fossils  from  the  Mudstones,  and  remarked  that  Tri- 
nucUm  fimhriatus  is  a  true  Lower-Silurian  form. 

Mr.  Etheridoe  remarked  that,  as  many  geologists  hare  worked 
over  the  area  referred  to  in  the  paper,  and  have  differed  so  much  in 
their  results,  it  is  very  difficult  to  come  to  any  definite  conclusbn. 
The  Mudstones  possess  a  fauna  helonging  to  the  Oaradoc  beds  and 
low  down  in  the  Bala  series.  He  agreed  with  Prof.  Hughes  that 
there  are  more  than  one  series  of  pale  slates.  It  occurred  to  him 
that  there  must  he  some  mistake  in  the  determination  of  the  species 
in  the  Graptolitic  Mudstones ;  and  yet  all  the  interest  of  the  paper 
hinges  upon  them.  The  Coniston  Lunestones  have  a  well-recogiuied 
position. 
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24.  SuppLEMENTABT  NoTEs  OH  the  Fauna  of  the  CAXBRiDeB  Qbeen- 
8A2n>.  By  A.  J.  Jxtees-Bbowitb,  Esq.,  B.A.,  F.G.S.  (Bead 
March  7,  1877.) 

[Plate  XXI.] 

Ih  a  paper  read  before  the  Society  in  January  1875, 1  discnssed 
the  relations  of  the  Gault  and  Chalk  Marl  in  Bedfordshire  and 
South  Cambridgeshire,  and  endeavoured  to  show  that  the  fossil 
contents  of  the  so-called  Cambridge  Greeosand  are  for  the  most 
part  remanies  and  have  been  derived  from  the  upper  beds  of  the 
Gault. 

The  conclusions  arrived  at  were  briefly  these : — that  the  Upper 
Greensand  does  not  extend  further  in  a  north-westerly  direction 
than  West-end  Hill  near  Cheddington  in  Bucks ;  that  stratigraphi- 
cally  the  Cambridge  Greensand  is  of  no  importance,  being  a  mere 
nodule-bed  at  the  base  of  the  Chalk  Marl;  that  it  rests  uncon- 
formably  upon  denuded  Ghtult ;  that  a  greater  portion  of  the  fauna 
belonged  originally  to  the  Upper  Gault ;  that  the  remainder,  really 
belonging  to  the  bed  itself,  are  species  proper  to  the  Chalk  Marl 
rather  than  to  the  Upper  Greensand. 

A  full  Hst  of  the  species  then  known  as  existing  in  the  formation 
was  appended  ;  and  die  derived  forms  were  therein  separated  from 
those  presumed  to  be  indigenous  to  the  Greensand  itself.  This  list 
was  mainly  prepared  from  an  examination  of  the  large  collection  of 
fossils  in  the  Woodwardian  Museum ;  and  my  investigations  resulted 
in  the  determination  of  many  species  that  were  previously  unnamed 
in  that  collection,  and  in  the  identification  of  others  which  had  been 
wrongly  named.  All  these  species  were  separately  noticed,  with  re- 
marks upon  their  determination  and  synonymy. 

These  observations,  however,  were  by  no  means  intended  as  an 
exhaustive  study  of  the  fauna  of  the  Cambridge  Greensand.  Many 
specimens  remained  which  it  was  not  then  possible  to  identify ;  and 
some  of  them  appeared  to  be  altogether  new  and  undescribed ;  the 
consideration  of  these  was  purposely  deferred  until  1  should  be 
able  to  obtain  more  information  regi^ing  them. 

Two  years  have  now  elapsed,  during  which  1  have  had  the 
opx)ortunity  of  inspecting  many  more  specimens  both  from  this 
and  from  other  Cretaceous  beds ;  and  1  am  now  better  able,  there- 
fore, to  offer  some  remarks  upon  these  forms. 

At  the  same  time  it  is  with  considerable  hesitation  that  I  venture 
to  name  and  place  on  record  four  species  which  do  not  appear  to 
have  been  hiUierto  described ;  for  1  consider  the  establishment  of 
such  new  forms  as  a  very  serious  matter,  and  one  upon  which  too 
much  care  cannot  be  spent. 

It  was,  I  think.  Professor  Forbes  who  remarked  that  few  are 
aware  how  many  species  have  been  named  from  single  and  often 
broken  specimens.     Now  it  is  obvious  that  such  species  cannot  be 
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of  the  same  intrioaic  value  as  those  which  are  founded  upon  a 
namher  of  perfect  examples ;  neither  can  they  be  of  the  same  use 
or  importance  to  the  comparative  palsDontologist.  Wo  are  led, 
therefore,  directly  to  the  conclasion  that  some  species  are  of  more 
palsBontological  valae  than  others ;  and  it  may  be  worth  while  oon- 
sidering  a  little  more  fully  the  other  circumstances  by  which  this 
value  is  modified  or  increased,  especially  as  I  am  not  aware  that 
any  one  has  recently  discussed  the  conditions  under  which  new 
species  may  be  constituted,  or  given  any  directions  to  those  int^iding 
to  name  and  describe  such  forms  as  may  appear  to  have  been  pre- 
viously unnoticed. 

The  importance  of  a  proposed  new  species  must  greatly  depend, 
I  think,  upon  the  following  circumstances : — 

1 .  The  number  of  specimens  examined  (whether  many  or  few). 

2.  The  number  of  localities  where  it  has  been  found. 

3.  The  extent  to  which  the  original  shell  or  test  has  been 
preserved. 

4.  The  amount  of  difference  between  it  and  nearly  allied  species 
of  the  same  genus. 

In  the  first  place  it  is  evident  that  a  species  founded  on  a  single 
specimen,  however  well  preserved,  has  not  the  same  value  as  one 
the  description  of  which  has  been  drawn  from  an  examination  of 
many  individuals.  Much,  however,  will  depend  upon  the  character 
of  the  fossil ;  and  supposing  all  the  other  conditions  to  be  very 
favourable,  if  it  is  in  a  good  state  of  preservation,  retaining  aU 
its  parts,  and  if  it  be  markedly  different  from  any  other  species, 
80  that  it  is  unlikely  to  be  merely  a  monstrosity  or  local  variety, 
then  its  intrinsic  value  is  much  enhanced ;  but  at  the  same  time  it 
remains  of  little  use  when  considered  as  a  member  of  the  fauna 
to  which  it  is  added ;  for,  being  found  only  at  one  locality,  it  cannot 
be  utilized  in  a  comparison  of  one  fauna  with  another,  but  must 
always  be  omitted  from  such  calculations. 

Again,  new  species  which  have  been  described  from  single 
imperfect  specimens  in  the  state  of  casts,  and  even  those  founded 
on  casts  which  are  abundant  and  perfect  so  far  as  they  go,  are,  as  a 
rule,  very  unsatisfactory ;  for  it  is  only  in  exceptional  cases  that  the 
cast  indicates  the  form  and  ornamentation  of  the  shell  with  which 
it  was  covered.  In  cases  where  the  cast  does  give  such  evid^ice 
its  description  is  perhaps  of  some  value ;  but  where  the  casts  are  * 
nearly  smooth  while  the  test  was  probably  ornamented,  as  in  Bivalve 
shells,  £chinoderms,  and  many  Gasteropods,  it  is  worse  than  useless 
t-o  describe  them ;  for  it  is  often  impossible  to  compare  then)  properly 
with  specimens  from  other  deposits  which  retain  the  shell,  and  the 
result  is  an  unnecessary  multiplication  of  specific  terms :  it  is  far 
easier  to  give  a  specific  name  to  such  casts  than  it  is  to  disprove 
their  title  to  the  same. 

Again,  it  is  exceedingly  difficult,  even  where  specimens  are 
abundaut  and  their  state  of  preservation  good,  to  be  quite  sure  that 
the  form  has  never  been  elsewhere  described.  If  not  known  in  the 
British  Isles,  it  may  have  been  figured  and  described  on  the  Con- 
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tment ;  and  the  number  of  books,  monographs  and  memoirs  which 
ought  to  be  searched  is  really  very  great.  Moreover  this  is  not 
always  sufficient  to  guard  against  error,  which  can  only  be  com- 
pletely avoided  by  personal  inspection  of  the  foreign  species  to 
which  it  appecoB  most  nearly  allied. 

It  is  in  such  work,  when  the  differences  between  nearly  allied 
forma,  described  under  different  names,  have  to  be  carefully  weighed 
and  estimated,  that  tiie  value  of  the  fourth  and  last  test  of  a  good 
species  is  appreciated;  the  comparative  vcJue  of  such  species  is 
still  more  felt  by  any  one  who  is  instituting  a  comparison  between 
siinilar  faunas  in  different  countries ;  for  a  given  species,  or  varieties 
of  the  same,  may  actually  exist  in  both  formations,  but,  owing  to 
their  passing  under  different  names,  the  fact  may  be  disguised,  and 
thus  the  number  of  species  common  to  both  is  greatly  underrated. 
To  take  an  example,  there  are  three  species  of  Pecten  to  be  found  in 
the  Cambridge  Greensand,  viz. : — F,  orbictUaris,  Sow. ;  P.  Barretti^ 
Seeley ;  P.  Baulinianus^  D'Orb.  Now  those  recently  quoted  from 
the  Gaize  of  Ae  Ardennes  and  Mouse  are : — P.  laminosus,  Mant. ; 
P.  DuUmplei,  D'Orb. ;  P.  Raulinianus^  lyOrb. ;  P.  asper,  Lam. ; 
P,  hispiduSy  Goldf. ;  and  P.  Oalliennei,  D'Orb.  At  first  sight  there 
appears  to  be  only  one  species  common  to  the  two  formations,  viz. 
P.  JRaulinianus  ;  but  when  it  is  known  that  P.  laminoms  is  only  a 
variety  of  P.  orbicularis,  and  P.  Barretti  of  P.  DuUmpIei,  it  is  seen 
that  all  tlie  Cambridge  forms  are  represented  in  France. 

It  may,  of  course,  be  disputed  that  the  two  species  are  severally 
merely  varieties  of  the  two  others ;  and  I  will  admit  that  it  is  to  a 
great  extent  a  matter  of  opinion ;  but  there  can  be  no  doubt  that 
the  species  are  respectively  very  closely  allied,  while  with  some  of 
the  others,  such  as  P.  asper  and  P.  Batdinianus,  they  hardly  possess 
any  specific  character  in  common  ;  it  is  therefore  very  misleading 
that  P.  Barretti  and  P.  Dutemplei,  for  instance,  should  be  kept  as 
distinct  as  if  their  differences  were  as  great  as  those  between  the 
latter  and  P.  asper.  The  only  solution  of  this  difficulty  is,  I  believe, 
to  be  found  in  the  more  extended  use  of  varietal  names,  and  conse- 
quently of  a  trinomial  nomenclature ;  the  form  would  then  be  ex* 
pressed  as  Peeten  Dutemplei,  var.  Barretti. 

The  new  species  subsequently  described  are  : — 

Turrilites  nobilie.  Lima  interlineata. 

Natica  leristriata.  Nerita  nodulosa. 

Nautilus,  «p.  HOT. 

Viewed  by  the  criterion  of  the  conditions  above  mentioned,  it  will 
be  found  that  the  Natica  is  of  the  most  palsBontological  value,  since 
several  specimens  have  been  found  both  at  Cambridge  and  Folke- 
stone ;  the  Lima,  of  which  three  specimens  have  been  examined, 
comes  next  in  importance;  the  Nerita  is  only  described  from  a 
single  imperfect  specimen,  but  it  is  a  remarkable  species  and  belongs 
to  a  genus  that  is  rare  in  Cretaceous  beds ;  the  Turrilites  is  of  least 
value,  since  it  is  founded  upon  a  cast,  and  I  have,  indeed,  had  grave 
doubts  whether  it  was  worthy  of  being  placed  on  record.     The 
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XautilHS  I  have  described,  bat  bave  not  named,  since  the  cbaneten 
of  its  original  sbellj  cohering  are  hardly  indicated  on  the  casU» 
although  these  form  a  very  oommon  fossil  in  the  Camlnidge  Greeoi- 
sand. 

In  condosien,  I  may  state  that  I  regard  the  description  of  any 
of  these  species  as  of  far  leas  importance  than  the  recognitiozi 
among  the  finina  of  other  preyionsly  known  species,  and  the  demon- 
stration of  the  identity  of  the  separately  named  forms. 

A  few  errors  and  misapprehensioas  which  had  crept  into  my 
former  notes  are  now  corrected. 

Begarding  the  general  condusions  arrired  at  in  my  former  paper, 
I  will  only  say  that  my  opinions  have  been  confirmed  by  subse- 
quent experience  during  the  progress  of  the  Geological  Survey  in 
Cambridgeshire ;  the  only  point  in  which  I  am  disposed  to  sdter 
the  views  previously  expressed  is  with  r^ard  to  those  fossils  whieh 
are  preserved  in  light  phosphates.  Similar  nodules  and  fassib 
are  found  in  the  uppermost  beds  of  the  Gault  both  at  Folkestone 
and  in  Bedfordshire ;  and  I  now  consider  them  to  have  been  derived 
from  this  horizon,  very  few,  if  any,  of  the  phosphate  nodulee  having 
originated  in  the  bed  where  they  are  now  found.  I  regard,  there- 
fore, a  stUl  larger  proportion  of  the  Cambridge  fossils  as  derived,  the 
invertebrate  fauna  of  the  Greensand  itself  being  very  small  and 
only  numbering  36  species. 

CEPHALOPODA. 

Bblsxnites  vlesvb,  Blainville. 

This  name  was  admitted  into  my  former  Est  in  coBseqwenee  of 
three  or  four  specimens  bemg  so  named  in  the  Woodwardian 
Museum.  A  subsequent  examination,  however,  in  c(»apany  with 
M.  Ch.  Bemrois,  of  Lille,  has  convinced  me  that  they  do  not  bdong 
to  thb  spedes,  since  none  of  them  exhibit  the  peculiar  tnincatioa 
of  the  alveolar  end,  which  is  its  great  characteristio.  They  bear 
most  resemblance  to  large  specimens  of  j^.  tdtimus  or  iMttemtaius, 

Nautilus  abcuatus,  Desh* 
NautUuf  areuatus,  Desh.  M^m.  Soc.  G^L  France,  vol.  v.  pL  xviii. 

fig.i. 

This  spedes  is  described  as  inflated  towards  the  middle,  with 
rounded  and  subangular  back,  without  any  umbilicus ;  chambers  as 
wide  as  high  and  very  sinuate  (tr^-arqu^) ;  siphon  situated  a 
little  bdow  the  middle  ;  test  thin  and  nearly  smooth. 

It  somewhat  resembles  N.  Fleuriausianus^  but  has  still  more 
enveloping  whorls,  different  chambers,  and  a  differently  situated 
siphon,  that  of  N.  Fleuriausianus  lying  dose  upon  the  inner  whorL 

Several  casts  agreeing  in  every  respect  with  the  figure  and 
description  of  N,  arcuatus  have  been  found  in  the  "  Nodule-bed," 
though  they  are  by  no  means  common.  They  are  easily  distin- 
guished from  all  others  by  the  absence  of  any  umbilicus,  and  by 
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tiie  pinohed-ap  back;   this   character  is  very  oonspiouoos  in  the 
inner  whorl,  bnt  becomes  gradually  less  in  the  later  chambers. 

The  species  was  found  by  Leymerie  in  the  Gault  of  the  D^parte- 
ment  de  I'Aube ;  but  I  have  not  seen  it  quoted  from  any  otber 
locality. 

NAxrnurs  iNJsaiTALis,  Sow. 

NauVXva  incequalis,  Sow.  Min.  Conch,  pi.  Ix.  lower  figs. 
Nautilus  Cl^nentinus  (?),  Pict.  &  Camp.  Ste.  Croix,  vol.  i.  pi.  xix. 
fig.  1-5  (nee  D'Orb). 

If  the  figure  and  description  of  M.  d'Orbigny's  Nautilus  element 
tinus  be  compared  with  those  of  Pictet  and  Campiche,  I  think  it 
will  be  evident  that  the  two  are  really  different  species,  supposing, 
of  course,  that  the  figures  are  correct  representations  of  the  original 
specimens.  This  can  only  be  decided  by  an  inspection  of  the  types, 
which  I  have  not  had  an  opportunity  of  making ;  it  is  remarkable, 
however,  that  both  the  figured  forms  appear  to  be  represented  among 
the  Cambridge  Nautili.  Those  agreeing  with  the  N.  Clemmtinus 
of  lyOrbigny  are  large  and  somewhat  compressed,  oblong  in  cross 
section,  not  inflated,  but  rather  flattened  near  the  umbilicus,  which 
IB  smalL  Those  resembling  the  figure  of  Pictet  and  Campiche  are 
more  inflated,  and  broader  in  proportion  to  their  length,  with  a 
larger  umbilicus  bordered  by  a  low  keel  (which,  however,  is  not  so 
jnarked  as  in  N.  expansm) ;  the  siphuncle  is  situated  close  to  the 
inner  edge  of  the  chamber.  Both  forms  have  numerous  close-set 
^^lambers,  about  16  being  visible ;  but  the  latter  does  not  appear  to 
*^n  so  large  a  size  as  the  true  N,  Clementinus, 

The  smaller  and  more  inflated  form  certainly  appears  to  exist  in 
the  Folkestone  Gault,  and  when  obtained  thence  has,  I  believe, 
^n  usually  referred  to  the  N,  incequalis  of  Sowerby,  with  the 
JJaeagre  description  and  poor  figures  of  which  it  sufl&ciently  agrees.  If, 
ttierefore,  I  am  correct  in  the  above  surmises,  the  N.  Clementinus  (^ 
Kctet  and  Camp,  becomes  a  synonym  of  N,  incequalis.  Sow.  The 
inequality  of  the  chambers  in  the  young  shell,  and  the  increasing 
propinquity  of  the  septa  being,  however,  the  ordinary  mode  of 
growth  in  the  genus,  its  designation  seems  rather  meaningless. 

Nautilus  n.  ap. 

Cast  oblong,  umbiHcated,  chambers  few,  only  12  being  generally 
^ble,  and  the  last  ones  being  as  high  as  they  are  wide  ;  the  septa 
*w  consequently  wide  apart,  sinuate  and  bent  back  near  the 
umbilicus ;  siphuncle  situated  outside  the  centre  and  about  one  third 
ef  the  distance  from  the  outer  edge. 

^Rus  is  the  commonest  form  of  Nautilus  among  the  Cambridge 
^prolites,  but  does  not  seem  to  agree  with  any  previously  described. 
Casts  of  the  umbilicus  seem  to  indicate  that  the  shell  had  faint 
longitudinal  striae  crossed  by  the  lines  of  growth.  Until,  however, 
"ie  shell  has  been  found  and  the  Nautili  of  the  Gault  more 
thoroughly  investigated,  it  will  be  safer  not  to  give  a  name  to  the 
above-described  casts. 

2x2 
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In  size,  number  of  chambers,  and  position  of  sipbande  thfy 
resemble  N.  Bouehardianus ;  but  the  septa  of  the  latter  are  described 
as  straight. 

Ammoitites  bhamnokottts,  Seeley. 

A,  rliamrumotus,  Seeley,  Ann.  &  Mag.  Nat.  Hist  ser.  3,  xvi. 
p.  233,  pi.  xi.  fig.  7. 

A,  navictdaris,  var.  twihuSy  Seeley,  torn.  cit.  p.  232. 

A,  gctrdonicus,  Hubert  &  Munier-Chalmas  (Bassin  d'UchauxX  Ann. 
des  So.  G^l.  tome  Ti.  pi.  4.  figs.  1,  2. 

In  1876  (Quart.  Joum.  Geol.  Soc.  voL  xxxi.  p.  286)  I  pointed  oat 
that  the  foscols  indicated  by  the  second  of  ^e  above  names  had  a  closer 
relationship  with  A.  MarUelli  than  with  A,  natncularisy  but  had  also 
some  characters  in  common  with  A,  dispar^  D'Orb.,  as  figured  and 
described  by  MM.  Pictet  and  Campiche. 

In  the  same  year  Prof.  Hubert  published  his  description  of  the 
Bassin  d'Uchaux,  in  the  appendix  to  which  he  described  and  figured 
the  young  and  old  forms  of  an  Ammonite  from  the  Ganlt  of  Tal- 
bonne  under  the  name  of  A,  gardonicus.  The  resemblance 
between  these  and  some  of  the  Cambridge  specimens  is  very  great, 
the  young  form  being  very  like  the  A.  rhamnonotus  of  Mr.  Seeley, 
while  the  older  individual  approaches  nearly  to  that  called  by  him 
A.  navictdaris,  var.  nothus.  A  comparison  of  the  descriptionB  given 
by  Prof.  H^rt  and  Prof.  Seeley  respectively  will  show  how  closely 
A,  rhamnonotus  and  A,  gardonicus  are  aUied.  After  describing 
the  young  form,  M.  Hebert  observes,  ''in  older  individuals  the 
ribs  pass  over  the  back,  and  only  present  three  slight  elevations, 
which  sometimes  finish  by  disappearing  altogether.*' 

Mr.  Seeley  says : — ''  On  the  back  the  ribs  are  rather  less  distinct, 
and  each  bears  in  its  centre  a  small  sharp  tubercle.  In  a  younger 
state  there  are  also  tubercles  at  the  extreme  edge  of  the  hack, 
which  seem  to  disappear  with  a  diameter  of  twelve  lines.'' 

Another  common  characteristic  is  that  only  some  of  the  ribs 
spring  from  the  umbilicus,  the  intermediate  ones  arising  frt>m  near 
the  middle  of  the  whorl ;  this,  however  is  also  the  case  with  the 
ribs  ornamenting  the  so-called  A,  navictdaris,  var.  nothus ;  and  there 
are  specimens  now  in  the  Woodwardian  Museum  which  plainly  con- 
nect this  with  the  former.  In  one  of  these  the  earlier  ribs  are  fre- 
quent and  rounded,  while  the  later  ribs  are  wider  apart  and  become 
rudely  nodulated ;  in  others  the  tubercles  appear  to  be  lost  with 
age,  as  in  Prof.  Hubert's  specimen ;  another  form  resembles  the 
fragment  named  A,  Wiesiii  by  Sharpo.  In  view,  therefore,  of 
the  great  variation  exhibited  in  this  series  of  specimens,  I  propose 
that  they  be  aU  considered  as  varieties  of  one  species,  for  which 
Mr.  Sedey's  name  A,  rhamnonotus  has  the  priority. 

[Since  the  above  was  written  I  find  that  Mr.  Seeley  has  obtained 
casts  of  A.  gardonicus  and  placed  them  in  the  Museum,  identi- 
fying them  at  the  same  time  with  his^.  rTiamnonoius;  this  identity 
may  therefore  be  regarded  as  established.] 
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There  is  another  form,  however,  with  which  they  have  some 
relations,  viz.  A,  sexan^latus,  Seeley.  To  the  figared  type  of 
Uxis  they  have  little  resemblance ;  but  other  specimens  which 
Mr.  Seeley  has  recently  referred  to  this  species  are  very  like  them, 
and,  if  he  is  not  misti^en  in  these  later  determinations,  I  think  the 
above  name  mnst  also  be  added  to  the  synonymy  of  A,  rhamno- 
notug.  It  is  possible  that  the  two  originally  described  specimens 
may  really  be  a  distinct  species ;  but  1  am  more  inclined  to  consider 
that  these  constitute  a  strongly  marked  variety  of  this  variable  form, 
for  which  the  varietal  designation  sexaingulatus  may  be  conveniently 
retained. 

In  thus  proposing  to  group  under  one  specific  name  several  forms 
which,  in  their  extreme  modifications,  are  very  unlike  one  another, 
I  am  only  following  the  plan  suggested  by  Mr.  Seeley  himself  in 
his  excellent  paper  on  the  Cambridge  Ammonites,  in  which  he 
describes  numerous  varieties  of  the  four  types,  splendens^  auritus, 
RauUniamMy  and  Studeri,  regarding  these  as  but  subspecies  of  a 
larger  group,  for  which  he  suggests  the  name  of  A,  permutcUus, 

AxMOKiiEB  OELOKOTUS,  Seeley. 

A.  eodonatus^  var.,  Seeley,  Ann.  &  Mag.  Nat.  Hist.  3rd  ser. 
vol  xvi.  p.  238,  pL  x.  fig.  3. 

A,  vaU>onnerm$,  Hubert  &  Mun.-Ch.  in  Description  du  Bassin 
d'Uchaux,  Ann.  des  Sc.  G^l.  tome  vi.  pi.  4.  fig.  3. 

It  may  be  well  to  call  attention  to  the  identity  of  these  two  shells, 
separately  figured  and  described  in  the  two  publications  above 
mentioned.  Mr.  Seeley  describes  two  varieties  of  his  species ;  but  the 
figures  are  unfortunately  very  poor.  They  are,  however,  sufficieutly 
recognizable ;  and  had  Prof.  Hubert  seen  them,  he  would  probably 
not  have  described  his  ^.  valbonnensis  as  a  new  species.  One 
advantage,  however,  has  been  derived  from  his  oversight,  namely 
the  presence  of  an  excellent  figure  of  this  variety  in  the  Annales  des 
fences  Geologiques ;  it  might  almost,  indeed,  have  been  taken  from 
a  specimen  now  in  the  Woodwardian  Museum.  I  would  suggest, 
^erefore,  that  it  hereafter  stand  under  the  name  of  A.  ecelanotus 
var.  valhonfiensis, 

AHxoNirss  ACAHTHONOTXTs,  Sccley. 

A,  acanthonotus,  Seeley,  Ann.  &  Mag.  Nat.  Hist.  3rd  ser.  vol,  xvi. 
p.  234,  pL  xi.  fig.  6. 

After  describing  this  peculiar  form,  Mr.  Seeley  remarks  that  a 
alight  inflation  extends  all  round  one  side  of  the  whorl ;  "  but,'*  he 
says,  *^  from  the  near  resemblance  the  shell  has  to  A,  gloisonotus, 
I  am  not  inclined  to  give  that  weight  to  the  distortion  it  other- 
wise would  have.  The  late  Dr.  S.  P.  Woodward,  in  1862,  regarded 
this  shell  as  a  monstrosity  of  A.  lautus,  Sow.,  a  view  with  which 
I  cannot  agree." 

In  my  opinion,  however,  there  can  be  no  doubt  that  Dr.  Wood- 
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ward  was  right  in  oonsidering  thia  supposed  new  species  as  sim^y 
a  monstrosity,  although  he  was  probahly  wrong  in  referring  it  to 
A,  lautus.  It  appears  to  me  to  be  a  malformed  individual  of  ^ 
species  A,  auriius,  the  dorsal  tubercles  of  one  side  being  atrophied 
and  thus  allowing  those  of  the  other  side  to  take  a  more  median  posi- 
tion. In  every  other  detail  of  form  and  ornamentation  it  agrees  with 
A,  auritus ;  and  there  are  now  in  the  Woodwardian  Muaeum 
other  partially  atrophied  forms  which  dearly  show  the  way  in  which 
this  particular  specimen  came  to  possess  such  deceptive  characters. 

The  other  individual  which  shared  the  tablet  of  A.  aeantho^ 
notus  is  a  very  diflferent  form,  being  large,  strong,  and  inflated ;  it 
is,  in  fact,  a  similarly  distorted  specimen  of  A,  Studeri,  Pict.  & 
Camp.  The  collection  also  possesses  some  interesting  deformides 
belonging  apparently  to  A,  vraconnensis  or  to  other  varieties  of  A^ 
Studeri,  It  is  clear,  therefore,  that  A,  acarUhonohis  must  be  struck 
out  of  future  lists  of  Cambridge  fossils. 

I  may  also  call  attention  to  a  similarly  malformed  species,  A^ 
Bamsayanasy  figured  in  Sharpens  Chalk  MoUusca,  and  described  at 
page  51.  One  side  of  it  bears  a  very  great  resemblance  to  that 
named  A.  Woodwardi  by  Mr.  Seeley,  torn,  cit,  p.  236,  pi.  xi.  fig.  3. 

ScAPHiTEs  HroABDiANUs,  D*Orb. 

Scaphites  Bugardianus,  D'Orb.,  H^.  &  Mun.-Ch.,  loc,  eii,  p.  117, 
pi.  V.  fig.  7. 

Scaphites  Meriani,  Pict.  &  Camp.,  see  Quart  Joum.  Geol.  Soc  xxzi. 
p.  287,  pi.  xiv.  fig.  1-3. 

I  was  glad  to  observe  that  MM.  H^rt  and  Munier-Chalmas  also 
regard  these  two  forms  as  varieties  of  one  species,  distinguishing 
them  at  the  same  time  from  S.  cequalis  as  I  had  done  in  my  former 
note  on  the  Cambridge  Scaphites.  I  ought  to  have  given  the  pre- 
ference to  D'Orbigny's  name. 

TxmRHJTEs  WiESTn,  Sharpe. 

The  casts  which  in  1874  (see  Quart.  Joum.  Geol.  Soc  zxxi.  p.  289) 
I  identified  as  belonging  to  this  species,  appear  in  reality  to  be  some- 
what intermediate  between  T,  Wiestii  and  T,  costatus^  or  rather  to  hold 
such  a  relation  to  both  forms  as  we  might  expect  were  it  the  common 
progenitor  of  both.  It  resembles  T.  Wiestii  in  most  particulars, 
especially  in  the  position  and  number  of  the  tubercles  ;  Uiese,  how- 
ever, are  developed  from  indistinct  costsB,  which  are  continued 
under  the  base  of  the  whorls ;  and  their  impress  is  seen  on  broken 
casts.  In  the  typical  T,  Wiestii  the  tubercles  are  not  connected  by 
such  elevations  or  ribs. 

From  r.  costatus  it  differs  by  its  narrower  whorls  and  their 
greater  spiral  angle,  as  well  as  in  the  position  of  the  tubercles, 
though,  as  I  have  elsewhere  remarked,  the  ribs  and  tubercles  of 
T.  costatus  appear  to  be  very  variable  in  their  position. 

Although  it  is  sufficiently  distinguished  from  T,  Bergeri  by  only 
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possessing  three  rows  of  tubercles  instead  of  four,  yet  there  are 
many  characters  common  to  the  two  species ;  and  it  must  be  remem- 
bered that  tubercles  are  sometimes  represented  by  ribs  as  in  7*. 
costcUus, ' 

Altogether  I  consider  that  the  above-mentioDed  species  hold  such 
relations  to  one  another  as  make  it  only  reasonable  to  suppose  that 
they  have  been  produced  by  descent  with  modification. 

The  Cambridge  form  might  receive  the  name  of  T.  canta- 
brigiensii, 

?  TuBBiuTEB  ExBRiciunjs,  D'OrK 

Turnlites  Emeridanus,  D'Orb.  Pal.  Fr,  pi.  cadi,  figs  3-5. 

The  Woodwardian  Museum  possesses  a  small  dextral  cast,  which 
appears  to  be  referable  to  the  above  species,  or  is,  at  any  rate,  very 
dosely  allied  to  it. 

Only  two  whorls  are  preserved ;  but  these  are  sufBcient  to  show 
its  low  squat  growth,  and  to  distinguish  it  from  T.  Hugardianvu. 
These  whorls  are  rounded  and  ornamented  with  about  24  simple 
strai^  ribs,  running  down  into  the  umbilicus,  which  is  wide  and 
ample. 

TlTBBILITSS  SLBQiJIB,  D'Orb. 

This  species  does  not  yield  a  very  well-marked  cast;  several 
specimens,  however,  have  passed  through  my  hands  which  greatly 
resembled  it;  (me  of  these  is  now  in  the  Museum  at  Jermyn 
Street. 

TUUOLITES  KOBZUS,  UOW  Sp.     PI.  XXI.  fig.  1. 

Cast  rather  large,  dextral,  whorls  fiill  and  rounded,  crossed  some* 
what  obliquely  by  26  to  28  well-marked  ribs,  each  bearing  three 
small  tubercles ;  the  lower  row  of  these  is  only  seen  on  the  body- 
whorl,  being  sutural  in  the  whorls,  above.  The  ribs  appear  to  run 
imder  the  base,  and  to  converge  towards  the  umbilicus,  their 
impressions  being  seen  on  the  broken  uppermost  whorl. 

The  spiral  angle  is  very  small ;  and  the  whorls  were  probably  nume- 
rous, as  in  jT.  Bttgardianus^  from  which  it  is  easily  distinguished  by 
the  rows  of  tuberdee.  The  specimen  above  described  was  collected 
during  Uie  progress  of  the  Geological  Surrey';  and  the  last  whorl 
of  a  cast  apparently  belonging  to  the  same  form  is  preserved  in  the 
Woodwardian  Museum.  The  actual  shell  is  unknown,  but  was 
probably  thin,  as  in  other  Turrilites ;  so  that  its  characters  are  suffi- 
dently  delineated  by  the  cast :  I  have  therefore  thought  that  the 
species  might  safe)y  be  described  and  named.  From  T.  Wiestii 
it  is  distinguished  by  the  broader  whorls  and  less  prominent 
tubercles,  in  this  respect  approaching  T.  Escherianus, 
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GASTEROPODA. 

Aporrhaib,  Da  Costa. 

An  excellent  account  of  this  genus  and  its  fossil  fonns,  hitherto 
included  under  the  heads  of  * RosteUnria  and  PteroceraSf  is  giTCO 
by  Mr.  J.  S.  Gku-dner  in  the  'Geological  Magazine*  for  1875, 
Dec.  ii.  vol.  ii.  p.  49.  Ho  concludes  by  dividing  them  into  fonr 
generic  or  subgeneric  groups,  yiz.  AparrJiats,  Omithopus^  Tridac- 
iylvLS  and  DimorpJioioma  (tarn.  ciU  p.  394). 

ApORRHAIS   MABOnCATA,   SoW. 

Bostdlaria  marginata^  Sow.  Geol.  Trans.  voL  iy.  pi.  xi.  &g,  18. 
MosUllaria  Orhignyana^  Piotet  &  Boux,  pL  xxiv.  fig  4. 
PterodorUa  marginata,  Seeley,  Ann.  &  Mag.  Nat   Hist  1861, 
ToL  viL  pL  xi.  fig.  2. 

PterodorUa  longispiray  Seeley,  torn,  cit.  pL  xi.  fig.  3. 

In  the  papers  above  referred  to,  Mr.  Gardner  has  carefully  inyefr- 
iigated  the  history  of  A.  marginata^  and  has  demonstrated  its 
identity  with  A.  Orhxgnyana^  the  cause  of  their  separation  hating 
been  that  the  lower  keel  was  not  clearly  shown  in  the  c^iginal 
engraving  of  the  former.  This  being  so,  when  Mr.  Seeley  (at 
p.  283)  says  of  his  supposed  Pterodonta  longispira  that  it  almost  as 
closely  resembles  A,  Orhignyana  as  P.  marginata  does  A,  marginataf 
it  is  evident  that  there  cannot  be  much  difierence  between  the  two 
species  referred  to  Pterodonta, 

Further,  it  is  to  be  remembered  that  both  were  described  from 
imperfect  casts^  without  any  trace  of  the  original  shell,  so  that 
the  characters  were  necessarily  indefinite. 

Moreover,  from  an  examination  of  Mr.  Carter's  specimens,  I  am 
inclined  to  think  that  in  the  case  of  P,  marginata  the  supposed 
notch  is  only  an  accidentally  exaggerated  inflection  of  the  concavity 
below  the  keel,  and  that  it  is  not  the  impression  of  any  definite 
internal  tooth-like  ridge. 

The  figure  of  P.  longispira  is  stated  to  be  slightly  restored  from 
specimens  in  the  same  collection ;  these,  however,  appear  to  have 
been  mislaid,  and  are  not  now  to  be  found  ;  I  cannot,  therefore,  say 
more  than  that  the  circular  hollow  represented  in  the  figure  is  unlike 
that  caused  by  the  vertically  elongated  ridge  shown  in  D'Orbiga/a 
figures  of  Pterodonta^  and  that  the  other  characters  of  the  figure 
appear  to  be  those  of  A,  marginata  (Orhignyana). 

Further  evidence  must  therefore  be  forthcoming  before  the  pre- 
sence of  Pterodonta  in  the  bed  can  be  regarded  as  ascertained. 

Oknithoptjs,  Gardner. 

Mr.  Gardner  has  proposed  the  above  name  (Geol.  Mag.  dee.  2^ 
vol.  ii.  p.  394)  to  include  the  small  shells  which  have  hitherto  been 
grouped  under  the  recent  genus  Pteroceras. 

There  can,  I  think,  be  no  doubt  that  they  merited  a  new  generic 
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designation,  and  that  they  do  not  prc^rly  belong  to  the  family  of 
t^e  StrombidflB  at  all.  The  Aporrhaidae  (with  which  they  are  now 
classed)  should,  I  think,  constitute  a  distinct  family,  intermediate 
between  Cerithiadse  and  Strombidae,  and  probably  representing  the 
branch  from  the  former  which  led  to  the  development  of  the  latter. 

Orhithopits  kbtustts.  Sow.,  sp. 

BosteUaria  retusa^  Sow.  OeoL  Trans,  ser.  2,  iv.  pi.  xriii.  fig.  22. 

EosteUaria  biearinataj  Desh.  M^m.  Soc.  Gdol.  Fr.  yoL  v.  pi.  zvii. 
fig.  14. 

Pteroceras  glolndatum^  Seeley,  Ann.  &  Mag.  Nat.  Hist.  1861,  voL 
Tii.  pL  xi.  ^.  1. 

(?)  Aporrhais  hicomis^  Pict.  &  Camp.  Ste.  Croix,  1864,  pL  xciv. 
figs.  8,  9. 

In  the  '  Oeological  Magazine,'  1875,  p.  52,  Mr.  Gardner  carefully 
describee  this  species,  and  calls  attention  to  the  great  resemblance 
between  it  emd  that  figured  by  Pictet  and  Campiche  under  the  name 
of  A.  bicomis. 

With  regard  to  P.  globulatum,  I  was  inclined  to  look  upon  it  as 
a  distinct  form,  and  communicated  this  opinion  to  Mr.  Gardner  iu 
1875 ;  I  have  since  had  the  opportunity  of  inspecting  the  specimens 
in  Mr.  Carter's  large  collection ;  and  these  have  convinced  me  that 
J^,  globxdatum  should  be  considered  as  a  dwarf  race  of  0.  retusus. 

I  believe  therefore  that,  although  one  or  more  of  the  above- 
mentdoned  forms  may  be  viewed  as  a  definite  local  variety,  yet,  the 
same  specific  description  being  applicable  to  all  of  them,  they 
should  be  regarded  as  constituting  a  group,  of  which  0,  retusus 
may  be  taken  as  the  type. 

OsKiTHOPUs  HisTOCHiLus,  Gardn. 

Aporrhdis  histochila,  Gardner,  Geol.  Mag.  1875,  pi.  vii.  figs.  5,  6. 

In  March  1875  I  forwarded  to  Mr.  Gardner  some  casts  from  the 
Cambridge  bed,  which  had  been  referred  to  Pteroceras  Fittoni,  asking 
him  at  the  same  time  whether  this  species  had  ever  been  obtained 
from  the  Gault.  This  question  he  answered  in  the  negative,  but 
remarked  at  the  same  time  that  although  the  specimens  sent  were 
very  like  P.  Fittoni,  yet  they  still  more  closely  resembled  an 
undeecribed  form  from  the  Upper  Greensand  of  Devizes  which  he 
intended  shortly  to  investigate.  The  result  of  his  researches 
appeared  in  the  July  number  of  the  GeoL  Mag.,  where  he  figured 
and  described  this  form  under  the  name  of  Aporrhdis  kistochUay 
noting  its  occurrence  in  the  Upper  Greensand  at  Cambridge,  and 
in  the  Oault  of  Folkestone. 

The  species  is  allied  to  A,  Fittoni  and  A,  retusa^  Mr.  Gardner 
including  them  all  in  his  proposed  genus  Omiihopus.  Thus,  there- 
fore, another  Cambridge  form  proves  to  be  identical  with  a  Gault 
species,  though  in  this  case  it  happens  to  be  found  in  the  Upper 
Greensand  as  well. 
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Mmochilotoica  btbiata,  Seeley. 

Mesochtlotoma  striata,  Seeley  Ann.  &  Mag.  Nat  Hist.  ser.  3, 
voL  vii.  p.  284. 

The  single  specimen  to  receive  which  the  ahove  genus  and  spedee 
have  been  proposed,  is  a  small  cast,  not  half  an  inch  long,  and 
imbedded  in  phosphate,  so  that  only  one  side  of  it  is  exposed  to 
view. 

It  is,  moreover,  imperfect,  both  the  apical  and  anterior  portions 
being  broken  off,  so  that  only  parts  of  four  whorls  are  visible.  The 
outer  lip  is  therefore  not  present,  although  Mr.  Seeley  describes  it 
as  having  **  a  notch  which  forms  a  keel  round  the  middle  of  the 
whorl;"  this  keel  he  states  to  be  crossed  by  the  lines  of  growth; 
and  perhaps  it  was  from  the  evidence  these  would  afford  that  he 
presumed  the  outer  lip  to  have  been  notched. 

These  lines  are  not  very  distinct ;  there  is  no  doubt,  however, 
about  the  presence  of  the  keel  and  of  the  faint  strias  above  and 
below  it ;  but  in  my  opinion  the  keel  bears  a  greater  resemblance 
to  that  on  some  forms  of  Aporrhais  than  to  that  of  Phurotomaria, 
Mr.  Seeley  believes  it  to  have  had  a  short  canal ;  but  he  adds,  ^*  I 
have  not  yet  seen  the  canal,  and  only  predict  its  being  short  from 
an  examination  of  the  broken  uppermost  whorl." 

Now,  so  far  as  such  a  small  and  badly  preserved  specimen  enables 
me  to  judge,  I  should  be  inclined  to  consider  it  the  cast  of  a 
small  Aporrhais  earinella^  a  species  which  has  just  such  a  median 
keel  with  striaa  above  and  below.  At  any  rate  Mr.  Seeley*fl 
description  would  apply  equally  well  to  the  shell  above  mentioned ; 
and  it  is  certainly  much  more  likely  to  belong  to  this  than  to  an 
entirely  new  genus  and  species,  for  tJie  existence  of  which  no  other 
evidence  is  forthcoming. 

Brachtbtoma  AKeT7LABB,  Scoley,  sp. 

Scalaria  angtdaris,  Seeley,  Ann.  &  Mag.  Nat.  Hbt.  ser.  3,  vii. 
p.  286,  pi.  xi.  fig.  9. 

BrachysUma  angtUaris,  Gardner,  Geol.  Mag.  dec.  2,  voL  iii* 
p.  160,  ^  iv.  fig.  11. 

In  1861  Mr.  Seeley  described  an  imperfect  cast  in  the  collection 
of  Mr.  J.  Carter  under  the  name  of  Scalaria  angularis^  one  side 
only  of  two  whorls  being  visible  on  this  specimen ;  another  frag- 
ment in  the  Woodwardian  Museum  exhibited  the  three  uppermost 
whorls  of  the  spire. 

There  was  also  in  the  Museum  a  fine  and  nearly  perfect  cast, 
which,  from  the  slight  keel  on  the  body-whorl,  I  supposed  to  be  a 
new  species  of  Aporrhais ;  and  last  year  I  obtained  a  second  specimen, 
but  never  suspected  their  identity  with  /$.  angularis.  Having, 
however,  sent  one  of  these  to  Mr.  J.  S.  Gardner,  he  forwarded  me 
a  specimen  from  the  Gault  of  Folkestone  in  which  the  shell  was 
preserved,  asking  me  to  compare  it  with  the  Cambridge  casts,  as  he 
suspected  they  all  belonged  to  the  same  species.     A  carefnl  inspec- 
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tion  of  the  several  specimens  proved  this  sormiae  to  be  correct, 
Mr.  Seele/s  types  answering  exactly  to  the  middle  and  upper  por- 
tions of  the  ^Ganlt  specimen,  which  also  possessed  the  angolated 
body- whorl  of  the  other  Cambridge  casts. 

The  shell  was  consequently  described  by  Mr.  Gardner  under  the 
generic  name  of  Brachystoma^  and  its  affinities  with  the  Aporrhaidse 
duly  pointed  out. 

GsEiaaTZIA  TEinOSIBIATA. 

Cerithium  tenuitiriatumy  Seeley,  Ann.  &  Mag.  Nat.  Hist.  1861, 
voL  vii.  pi.  xi.  fig.  6. 

Pyrgiseus  tenuistriatus,  Gardner,  Geol.  Mag.  dec.  2,  vol.  iii. 
p.  112. 

In  his  valuable  paper  on  Cretaceous  Gasteropoda  above  referred 
to,  Mr.  Gardner  describes  some  scalariform  shells  similar  to  the 
0.  tenuistriatum  of  Mr.  Seeley,  referring  them  all  to  Philippics  genus 
Pyrgiscus^  and  deprecating  at  the  same  time  the  union  of  such 
forms  with  the  genus  Chemnitzia. 

The  reason  which  he  gives  for  the  revival  of  this  genus,  viz.  the 
want  of  colimiellar  plaits,  can  hardly  be  regarded  as  sufficient, 
especially  as  I  find  on  referring  to  the  *  Enum.  MoUuscorum  Siciliffi,' 
vol.  IL  p.  136,'  that  Philippi  himself  acknowledged  its  identity  with 
the  Chemnitzia  of  D'Orbigny. 

It  is  difficult  to  understand  why  palsDontologiBts  have  ignored  the 
existence  of  the  latter  genus  in  Cretaceous  rocks,  when  it  is  recorded 
from  Jurassic  beds,  and  known  in  Tertiary  and  Beoent  times ;  and  I 
cannot  help  thinking  that  many  of  the  so-called  Scalarice  are  in 
reality  Chemnitzias. 

Mr.  Gardner^s  own  description  of  Pyrgiscus  is  almost  identical 
with  that  of  Chemnitzia  in  Woodward's  '  Manual  of  the  MoUusca,' 
p.  239 ;  and  it  essentially  differs  from  Sealaria  in  the  form  of  the 
mouth,  and  by  its  incomplete  peristome. 

It  is  remarkable  that  the  two  other  species  described  by  Mr. 
Gardner  are  from  the  Polkestone  Gault  and  the  Blackdown  beds 
respectively;  they  are  certainly  all  very  closely  related^  and  may, 
I  think,  turn  out  to  be  varieties  of  the  same  form  when  more 
specimens  come  to  be  compared. 

TUBBO  PiCTBTIAlTITS,  IPOrb.      PI.  XXI.  figs.  3-5. 

Turbo  Pictetiantts,  D'Orb.  Pal.  Fr.  voL  ii.  pi.  dxxxiv.  figs.  8-10 ; 
Pict.  &  Roux,  Gr^  YertB,  pi.  xix.  fig.  1. 

Turhoidea  nodosa^  Seeley,  Ann.  &  Mag.  Nat.  Hist.  ser.  3,  vol.  vii. 
p.  289,  pL  xi.  fig.  14. 

The  figures  of  Turbo  Pictetianus,  both  in  D'Orbigny  and  Pictet 
&  Boux,  fail  to  give  an  adequate  idea  of  this  shell ;  and  if  Mr. 
Seeley  had  never  seen  specimens  he  may  be  forgiven  for  not  having 
recognized  the  identity  of  the  Cambridge  fossil  with  the  Perte-du- 
Rhdne  form. 

Specimens  now  in  the  Woodwardian  Museum,  however,  leave  no 
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Mesochilotoma  striata,  Seeley. 

Mesochilotoina  striata,  Seeley  Ann.  &  Mag.  Fat.  Hist. 
vol.  vii.  p.  284. 

The  single  specimen  tx)  receive  which  the  above  genus  and  i  _ 
have  been  proposed,  is  a  small  cast,  not  half  an  inch  long., 
imbedded  in  phosphate,  so  that  only  one  side  of  it  is  exposed  ta 
view. 

It  is,  moreover,  imperfect,  both  the  apical  and  anterior  portkaa 
being  broken  oiF,  so  that  only  parts  of  fonr  whorls  are  visible.  Tlit 
outer  lip  is  therefore  not  present,  although  Mr.  Seeley  describe*  Jt 
as  having  *'  a  notch  which  forms  a  keel  round  the  middle  of  *  - 
whorl ;  •  *  this  keel  ho  states  to  bo  crossed  by  the  lines  of  growr 
and  perhaps  it  was  from  the  evidence  these  would  aibrd  that 
presumed  the  outer  lip  t^o  have  been  notched. 

These  lines  are  not  very  distinct :  there  is  no  doubt,  however, 
about  the  presence  of  the  keel  and  of  the  faint  striae  above  9aA 
below  it ;  but  in  my  opinion  the  keel  bears  a  greater  resemblanoe 
to  that  on  some  forms  of  Aporrhais  than  to  that  of  PhurotonuiniL 
Mr.  Seeley  believes  it  to  have  had  a  short  canal ;  but  he  adds,  '•  I 
have  not  vet  seen  the  canal,  and  only  predict  its  being  short  fro® 
an  examination  of  the  broken  uppermost  whorl." 

]!iow  so  far  as  such  a  small  and  badly  preserved  specimen  i 
me  to  judge,  I  should  be  incligj^^  consider   it  the  f 
small  Aporrlmis  carinelh,  a  ^|fl^^Hi^  ^^  j^t  such  i 
keel   with  stria)  above   and  ^^5^V  ^">'   ^'^^^   ^^^^ 
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ion  of  the  several  specuMDi 
Cr.  Seeley^B  types  answeriiig  ezacdr  t»  i^ 
.  L  ions  of  the  ^Ganlt  spedmoi.  viiic^  hIk^ 
lody- whorl  of  the  other  Caabridr^  cmt. 

llie  shell  was  oondeqiieiithr  ^fmrxrm  m  Mr. 
^neric  name  of  Braekytitmt^  MM  isi 
~  inly  pointed  out. 
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ChEKHITZIA  lEBmfllSIAXA. 

Ceritkivm  Utueutriatwrn^  haaksj.  hxn    t  Has:    J^^  £j«l    ^^'^ 
fid.  viL  pL  xL  fig.  6. 

PyrgiaeuM   temmitiriicUu,   GutQdbl    ^swu.  y.ac     im*.   ^   n^^,    ^i^ 
p.  112. 

In  his  TahiaUe  p?ow  ^n.  ^.r^xu^^^im  '•^mtr^'m^,^^  m^prv*  T^*r?j«c 
to,  Mr.  Gardner  dwcrfiiw  «a»  •ru.^^:;  ra.  fc>r^  «at. -jr    ;#    -.**- 

C.  tCTtnisfriaftMi  of  Mr-  r^yie^.  t'thtths'  ^2*fB.  iil  i.  i' -v;      r^^*» 

J^fyttrvs,  and  deprwanzar  a:  -u^  isait  la*  i^   ul^^,    v    •^sl 
forms  with  tlie  s^^tb  *,l»mtuT:=.tc. 

The  leaBon  wia^  'at  ry^^  iir  -ii^,  Trtrr^  cr  t:^  jprm*    •.    -^ 
want  of   fifJmafT'iiT  i*^*^^^     eao.   isarCjr    -yt  vr^r^s'^^^    m   mtt^  ■ 
Leqieeially  as  I  fcuc  ta  r^nfrmsg'  v.  iu»r    t  inni   i«  _j#<:^-rat  Tsr-i*' 
.  iL  pL  1^6.*  lisic  I'liilrinL  mma^it  wsmi^r^ t^js^.  i^  t,...^*^    ^-^ 
«f  I'  -•riFiri'^ - 
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doubt  of  this  identity ;  ^ose  from  the  Perte  da  Khdne  whidi  retain 
the  shell  agree  entirely  with  Mr.  Seele/s  type,  which  has  the  shell 
converted  into  phosphate  of  lime,  and  is  preserved  in  Mr.  Carter^s 
collection. 

D'Orbigny's  figore  does  not  express  the  rogose  lamelhe  under- 
neath, which  coexist  with  the  striae  said  to  be  characteristic ;  t^ 
nodules  also  are  made  too  regular  and  too  distinctly  double,  whereas 
they  are  only  elongated  or  bUobed. 

Mr.  Seeley*8  fip:uro  of  the  under  surface  is  very  good :  but  the 
side  view  gives  too  high  an  elevation,  and  the  base  is  badly  drawn ; 
the  nodulations,  again,  are  too  distinctly  single ;  on  the  specimen 
itself  they  are  more  irregular,  more  elongate,  and  may  have  been 
bilobate.  The  side  view  of  this  and  also  of  a  Rhone  specimen  are 
given  in  PL  XXn.  figs.  3  &  5. 

Those  from  the  Perte  du  Rhone  vary  much  in  height,  some  having 
the  elevation  of  T.  nodosa,  others  being  low  and  resembling  that 
called  T.  eapansa  by  Mr.  Seeley.  One  individual  of  the  Cambridge 
T»  expansa  shows  protuberances  on  the  cast  caused  by  the  tuber- 
culations  of  the  shell ;  they  are  probably  only  varieties  of  the  same 
species. 

Trochus  cancbllattb,  Seeley. 

Comp.  Turbo  indtcisus,  D'Orb.  Pal.  Fr.  p.  230. 

I  think  MM.  Pictet  and  Campiche  must  have  been  mistaken  in 
referring  any  Cambridge  specimens  to  T.  ToJhtianus,  I  have  recently 
had  an  opportunity  of  comparing  them  with  specimens  from  the 
Perte  du  Rhone;  and  though  these  are  somewhat  similar  to  T. 
eanceJlatus  in  shape,  yet  they  are  quite  smooth,  showing  neither 
spiral  lines  nor  cancellated  markings ;  neither  is  there  any  trace  of 
the  occasional  varices. 

I  am  inclined  to  think  therefore  that  Trochm  cancellatus  is  a 
distinct  species,  and  that  T.  l^ollotianus  does  not  exist  in  the 
Cambridge  Greensand.  I  may  mention  that  it  was  by  a  mistake 
that  the  latter  name  was  inserted  in  the  Explanation  of  plate  xiv. 
appended  to  my  former  paper  (Quart.  Joum.  GeoL  Soc.  vol.  xxxL 
p.  313). 

[Since  writing  the  above  I  have  seen  the  collection  of  D'Orbigny's 
types  at  the  Jardin  des  Plantes  in  Paris ;  and  among  these  I  found 
specimens  named  Turbo  indecisus,  which  appear  identical  witii  T. 
cancellatus ;  one  of  them  shows  the  longitudinal  markings,  and 
another  the  full  cancellations,  in  the  same  variable  way  as  the  Cam- 
bridge casts  exhibit  them.  I>'Orbigny,  p.  230,  says  that  it  occurs 
at  Eocragnoles,  Perte  du  Rhdne,  and  Clansaye,  but  that  he  only 
knew  the  internal  cast.] 

Natioa  levistriata,  new  sp.     PL  XXI.  fig.  6. 

Shell  globose ;  spire  moderately  high ;  whorls  flattened  above,  so 
as  to  produce  a  slight  angulation  which  runs  round  the  spire  ;  below 
this  on  the  body- whorl  there  are  10  or  11  slightly  elevated  spiral 
striee.     The  angulation  may  be  otherwise  described  as  the  highest 
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of  the6e  ridges.  There  are  verj'  few  striated  NaticcB  known  from 
Cretaceous  beds ;  and  this  appears  to  differ  from  all  of  them.  The 
above  description  is  from  a  specimen  in  the  national  collection,  from 
the  G^olt  of  Folkestone.  It  has  the  shell  partially  preserved;  but 
where  this  is  absent  a  cast  is  disclosed  of  the  same  shape  and  dimen- 
sions as  those  from  the  Cambridge  bed  (fig.  6),  which  in  my  previous 
paper  (p.  292)  I  provisionally  referred  to  N,  RauUnianaj  D'Orb. 

Nebita  nodulosa,  new  sp.     PL  XXI.  figs.  7,  8. 

Shell  very  thick ;  spire  depressed ;  whorls  angulated  and  flattened 
above,  ornamented  when  young  with  nnmerons  small  ribs,  which 
proceed  from  the  spire  and,  passing  over  the  head,  run  vertically 
for  a  short  way  down  the  side  of  the  whorls  ;  they  are  then  broken 
up  into  small  nodtdes  or  tubercles.  As  the  shell  increases  in  growth, 
however,  the  upper  parts  of  the  ribs  also  become  nodulose,  so  that 
near  the  mouth  the  ornamentation  is  entirely  changed ;  large, 
irregular,  nodulose  tubercles  are  developed  on  the  keel,  apparently 
by  the  union  of  two  or  three  ribs ;  and  above  each,  on  the  flat 
portion  of  the  whorl,  are  two  smaller  nodules.  At  the  same  time  the 
outer  lip  is  enlarged,  flattened,  and  applied  against  the  inner  whorls, 
somewhat  as  in  recent  NeritcB, 

A  single  specimen  only  is  known,  in  the  cabinet  of  J.  Carter,  Esq. 
Length  about  13  lines,  breadth  9  lines,  height  unknown ;  and  the 
lower  part  of  this  is  broken  away,  so  that  the  characters  of  the 
base  cannot  be  ascertained. 

Although  the  fossil  above  described  is  unique  and  imperfect,  yet 
so  much  of  the  original  thick  shell  is  retained;  and  this  is  so 
remarkable  in  its  shape  and  ornamentation  that  I  have  thought  some 
account  of  it  might  be  published. 

At  the  same  time  I  have  had  great  difficulty  in  deciding  to  what 
genus  it  probably  belongs.  It  might  almost  be  referred  to  Strapa- 
rollus^  or  Euomphdlus ;  but  the  angle  which  the  outer  lip  makes  with 
the  inner  whorl  is  greater  than  in  these  genera,  and  leads  to  the 
conclusion  that  the  last  whorl  was  considerably  produced  below. 
This  is  the  case  with  a  shell  named  Nerita  rugosa  by  MM.  Briart 
and  Comet  (Meule  de  Bracquegnies,  pL  iii.  figs.  60-62),  which  the 
Cambridge  fossil  appears  to  much  resemble  in  shape  and  general 
features. 

iV.  rugosa  has  thick,  radiating  ribs  of  a  imiform  character,  each 
ending  in  a  nodular  projection  at  the  keel,  below  which  the  shell 
is  smooth ;  the  base  is  not  umbilicated ;  it  is  thus  specifically 
different,  though  it  appears  to  be  genericdly  identical.  Whether, 
however,  they  are  true  Neritce  some  doubt  may  be  entertained. 

Pleurotomaria  regina,  Pict.  &  Ex. 

Pleurotomana  regina,  Pict.  &  Boux,  Gr^s  Verts,  pL  xxiv.  fig.  2. 

Ca8t«  of  this  species  are  among  the  fossils  from  the  Perte  du 
Rhdne  recently  placed  in  the  Woodwardian  Museum;  and  from 
them  I  have  been  able  to  identify  certain  low,  closely  whorled 
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forms  which  are  not  unoommon  among  the  Cambridge  Pfeuroio- 
marim.  They  are  easily  distingoishable  from  casts  of  P,  Botuti  or 
P.  Bhodam  by  their  flat  or  slightly  concave  base. 

In  the  abandance  of  its  Pleurotomarias  the  Cambridge  Greensand 
resembles  the  continental  Gault  Snp^eor ;  and  it  is  remarkable  also 
that  most  of  the  species  appear  to  be  identical. 

Pleubotomabia  Itieriana  ?     Pict.  and  Rx.     PL  XXI.  fig.  2. 

Casts  of  a  more  elevated  species  are  often  found,  having  3  or  4 
whorls  ornamented  with  a  spiral  rib  corresponding  to  the  sinus- 
band  ;  the  base  is  flattened ;  and  the  general  form  resembles  that  of 
P.  Itieriana^  Pict.  and  Rx.  pL  22.  ^^  3.  The  same  fossil  also  occurs 
in  the  Ganlt  of  Eolkestone ;  but  I  have  never  seen  it  named.  I  also 
possess  what  I  believe  to  be  a  nnique  specimen  of  a  reversed  variety, 
apparently  belonging  to  this  species  ;  the  whorls  are  more  separated, 
as  is  frequently  the  case  in  sinistral  forms,  see  PI.  XXI.  fig.  2. 


LAMELLLBRANCHIATA. 
Pbotbn  aptiensis,  D'Orb. 

Pectm  interstriatuBy  D'Orb.  PaL  Fr.  voL  iii.  pi.  coccxzxiii  figs. 
1-6  ;  and  Pict.  &  Rouz,  Gr^  Verts,  p.  616,  pi.  xlvi.  fig.  4  ;  subse- 
quently named 

Pecten  aptiensUj  D'Orb. 

Pecten  Dutempleiy  D'Orb.  Pal.  Fr.  pi.  cccczxxiii.  figs.  10-14 ;  and 
Pictet  &  Roux,  Gr^  Verts,  p.  616,  pL  46.  fig.  4. 

Peeten  Barrettiy  Seeley,  Ann.  &  Mag.  N.  H.  ser.  3,  vol.  vii.  p.  118, 
pL  vi.  fig.  1. 

I  cannot  help  thinking  that  these  three  forms  are  much  more 
nearly  related  to  one  another  than  has  hitherto  been  supposed. 

All  three  are  about  the  same  size,  have  nearly  the  same  number 
of  ribs,  and  arc  characterized  by  similar  interstitial  striations. 

Of  P.  Barretti  Mr.  Seeley  says,  *'  the  left  valve  is  ornamented 
with  some  48  radiating,  rather  depressed  ribs,  of  which  about  a 
dozen  are  subordinate,  the  remainder  nearly  equal ;  all  are  imbri- 
cated. The  interstitial  spaces  are  very  finely  striated,  those  in  the 
centre  longitudinally,  and  those  of  the  sides  obliquely,  reminding 
one  of  P.  apiiensis.  On  the  flat  valve  the  ribs  appear  leas  promi- 
nent and  more  numerous."  I  cannot  see  that  it  has  any  resemblance 
to  Peeten  EspatUad ;  nor  do  I  think  the  latter  existed  with  it,  the 
specimen  so  named  in  the  Woodwardian  Museum  being  only  a  large 
individual  of  P.  Barretti  preserved  in  a  lighter-coloured  phosphate. 
There  is  no  doubt,  however,  of  its  close  affinity  with  P.  apUensit ; 
indeed  it  becomes  a  matter  of  doubt  whether  the  differences  are 
sufficiently  great  to  justify  its  being  considered  a  separate  species. 

The  upper  and  lower  valves  of  P.  aptiensis  differ  similarly  in  tJie 
number  of  ribs :  D'Orbigny  gives  20  to  23  as  the  number  on  the 
upper  (convex)  valve,  and  46  on  the  lower;  Pictet  and  Roux, 
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however,  reckon  the  nnmber  on  the  apper  valve  as  35  to  38,  hut 
have  not  seen  the  lower  valve. 

Fecten  Dutemplei  is  said  to  have  abont  40  or  50  ribs  on  the  upper 
valve ;  *'  and  a  small  simple  linear  rib  occnrs  between  these  ribs, 
but  net  regularly,^  This  arrangement  is  better  shown  in  Piotet  and 
Bonx's  figure  than  in  that  of  lyOrbigiiy ;  and  the  number  of  ribs 
given  by  the  latter,  viz.  70  to  80,  is  probably  an  exaggeration. 

Both  P.  aptimsis  and  P.  Dutemplei  have  the  same  curious  oblique 
striation  across  the  interspaces,  and  are  in  all  other  respects  very 
like  one  another,  the  chief  difference  mentioned  by  D'Orbigny  being 
the  presence  of  the  occasional  intermediate  simple  rib  on  the  latter 
species. 

Now  occasional  simple  ribs  are  also  distinctly  visible  on  some 
specimens  of  P.  Barretti,  especially  on .  that  previously  referred  to 
as  having  been  mistaken  for  P.  EBpaiUaci,  P.  Barretti^  therefore, 
would  appear  to  be  most  nearly  allied  to  the  Gault  form  of  the 
species,  viz.  P.  Dutemplei. 

Mr.  Seeley  finds  some  diJBEerences  in  the  ornamentation  of  the  ears ; 
but  his  remarks  regarding  them  (p.  119)  are  not  very  dear :  neither 
does  the  variation  seem  very  important ;  for  the  combination  of 
transverse  and  radiating  lines  is  very  frequent  on  the  ears  of  allied 
species,  and  sometimes  one  set  of  markings,  sometimes  the  other, 
stands  out  more  prominently,  according  to  growth  and  state  of 
preservation. 

All  the  differences  above  noted  are  merely  slight  variations  from 
the  earlier  type  of  P.  aptUnsis^  under  wluch  head  1  think  both 
P.  Dutemplei  and  P.  Barretti  should  be  ranged  as  varieties.  The 
latter  has  been  found  by  Mr.  H.  G.  Fordham  in  the  Greensand  at 
Swanage. 

Pbctbn  BAxnufiAinrs?    IVOrb. 

Peeten  RaulmianuSy  IVOrb.  Pal.  Fr.  iii.  pL  ccccxxxiii  figs.  6-9. 

A  specimen  recently  placed  in  the  Woodwardian  Museum  is 
about  the  same  size  as  P.  Barretti,  but  possesses  very  different 
characters.  No  interstitial  striations  are  visible ;  the  ribs  are  nume- 
rous, and  ornamented  with  closely  set,  narrow,  lameUated  imbrica- 
tions. It  appears  to  agree  more  closely  with  P.  EauUnianus  than 
with  any  other  known  to  me ;  indeed,  as  far  as  can  be  seen,  in 
ornamentation  it  agrees  exactly  with  that  species. 

Peoten  subacutus,  jyOrb. 

Peeten  subacutus,  D'Orb.  Pal.  Fr.  p.  603,  pi.  436.  figs.  5-10. 

This  species  has  about  25  simple  ribs,  ornamented  with  squamose 
elevations  set  at  short  intervals  ;  the  ribs  are  rounded  on  the  upper 
valve,  but  more  angular  and  acute  on  the  lower ;  slight  striations 
run  down  each  side  of  the  ribs  into  the  interspaces,  which  are 
nearly  as  broad  as  the  ribs. 

It  is  a  very  rare  Becten  at  Cambridge  ;  and  most  of  those  I  have 
seen  were  much  worn,  so  that  the  ribs  appeared  quite  plain  ;  but  a 


Digitized  by  VjOOQIC 


502  A.  J.  JUKBS-BBOWIIe's  8UPPLKMXXTART 

specimea  in  the  Woodwardian  Museum  preeenta  the  characterB 
above  mentioned.  The  ribs  are  strongly  marked  on  the  casts ;  the 
shell  varies  in  leng:th  from  13  to  17  lines,  D'Orbigny  gives  it  as  a 
Turonian  fonn ;  but  it  appears  also  to  occur  in  the  Gault  Sup^rieur 
of  Cheville  ('  Benevier/  p.  168). 

Lima  EAULnaANA,  D'Orb. 

Lima  Rauliniana,  D'Orb.  Pal.  Fr.  iii.  pi.  ccccxvii.  figs.  5-8. 

This  species  bears  a  considerable  resemblance  to  Lima  aspera^ 
Mant. ;  and  the  Cambridge  specimens  have  hitherto  been  confounded 
with  that  form. 

Great  differences,  however,  are  discovered  on  a  close  examination. 
L.  aspera  has  wide,  flattened  ribs,  separated  by  very  narrow  inter- 
spaces, mere  grooved  lines,  in  fact,  which  are  pitted  at  intervals. 

L,  Batdiniaiia  has  low  rounded  ribs  with  peculiar  imbrications, 
and  the  interspaces  are  nearly  as  wide  as  the  ribs.  M.  (^^Orbigny's 
description  is  correct  so  far  as  it  goes ;  and  fig.  7  shows  the  peculiar 
ribs  '^sur  lesquelles  sont  oomme  des  tuiles  obliques  en  dehors, 
espac^  et  altemes ;"  he  does  not,  however,  mention  the  ornamen- 
tation of  the  interopaces ;  these  are  not'  pitted,  but  crossed  with 
irregular  transverse  grooves  or  striations,  very  minute  and  closely 
set. 

The  midn  characters  of  the  shell  may  be  thus  described  : — ^valves 
nearly  equal  and  equiconvex,  each  bearing  between  40  and  50  low 
rounded  ribs,  interrupted  occasionally  by  the  lines  of  growth ;  ihe 
ribs  are  ornamented  with  elongate  imbrications,  projecting  slightly 
over  their  inner  side,  viz.  over  the  left  side  of  one  half  of  the  ribs, 
and  over  the  right  side  of  the  other  half,  on  each  side  of  a  median 
line,  where  the  ribs  divaricate ;  when  worn,  the  ribs  appear  to  be 
simply  notched ;  the  interspaces  are  grooved  in  the  way  above 
mentioned. 

The  specimens  are  generally  preserved  in  the  lighter-coloured 
phosphate,  which  at  one  time  I  thought  had  been  formed  in  »itu ; 
I  have  since,  however,  been  led  to  think  that  these  phosphates  have 
also  been  derived,  but  probably  from  rather  higher  beds  of  the 
Gault  than  those  from  which  most  of  the  black  nodules  came. 

Lima  Bauliniana  is  found  in  the  Gaize  or  Gault  Sup^rieur  of  the 
Paris  basin ;  and  casts  of  similar  shape  are  quoted  from  Cheville  by 
Prof.  Renevier  ('  Faune  de  Cheville,*  p.  163) ;  but  I  am  not  aware 
that  it  has  been  previously  discovered  in  England. 

LnCA  INTERLINBATA,  UCW  Sp.      PI.  XXI.  fig.  10. 

Shell  transversely  oval,  or  obliquely  quadrate ;  valves  equiconvex, 
and  each  ornamented  with  10  or  11  strong  rounded  ribs  radiating 
from  the  umbo;  interspaces  wide  and  flat,  marked  with  a  few 
distinct  longitudinal  lines,  which  vary  in  number  from  1  to  5,  but 
are  most  numerous  on  the  more  central  interspaces.  There  appear 
to  have  been  several  stronger  strisB  or  small  sibs  on  the  anterior 
side  or  buccal  region ;  but  the  shell  is  here  worn  off. 
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The  species,  indeed,  is  very  rare ;  and  only  a  few  portions  of  the 
shell  remain  on  that  figored,  which  measiued  1|  inch  hy  about 
1^  inch.  The  shell  appears  to  have  been  modenktely  thi<^;  and 
the  ribs  stand  oat  in  strong  relief  on  the  cast. 

It  somewhat  resembles  L.  GhiUiennei  of  D'Orbigny ;  but  this  spedee 
is  wider,  is  much  more  compressed,  and  is  strongly  striated  over 
both  ribs  and  interspaces— -characters  which  sufficiently  distin- 
guish it. 

BBACHIOPODA. 

B.HY17CH0NELIA   SULCATA^  Park. 

RhynehoneUa  tukata^  Park,  QeoL  Trans,  ser.  1.  voL  v.  p.  69 ;  Day. 
Cret.  Brack.  pL  x.  figs.  18-36. 

The  yarieties  of  this  species  are  very  numerous,  all  gradations 
being  found  between  the  large  and  sparsely  ribbed  shelb,  and  the 
smaUer  forms  which  bear  numerous  closely  set  ribs.  The  specimen 
noticed  in  my  previous  paper  as  B.  compressa  (really  dimidiata) 
may  be  only  another  extreme  yariety.  Mr.  Dayidson,  to  whom  it 
has  since  been  sent,  remarks  that  it  is  much  more  transyerse  than 
any  R,  sulcata  which  has  come  under  his  notice,  and  that  it  is  yery 
like  some  forms  of  B,  dimidiata ;  but  for  all  that  he  would  not  be 
surprised  if  it  were  only  a  compressed  and  abnormal  form  of  B. 
tuUata^  so  difficult  is  it  to  state  positively  to  which  species  a  single 
and  isolated  individual  belongs. 

Those  shells  previously  known  as  B.  latissima  are  now  considered 
to  be  i2.  dimidiata,  var.  eonvexa ;  but  the  Cambridge  specimens  may 
after  aU  be  only  an  extreme  variation  of  B,  sidcata, 

ACTINOZOA. 

Trochootathits  AHevLATUB,  Duucau,  sp. 

SmUotroehus  angvlatuB,  Duncan,  Suppl.  Cret.  Corals,  pL  vii. 
figs.  7  and  8. 

In  1867  Prof.  Duncan  described  as  new  forms  two  species  of 
corab  from  the  Cambridge  Greensand,  referring  them  to  the  genus 
SmUotrochta ;  one  of  these,  S.  elongate,  I  have  previously  shown  to 
be  really  a  Trochocyathtis,  by  discovering  that  it  possessed  epitheca, 
exhibited  a  columella,  and  was  clearly  pediculate— that  it  ,was,  in 
fact,  identical  with  Trochoeyathus  eonulvs  of  Edw.  and  Haime. 

I  had  not  then  any  proof  that  the  second  species,  S.  angtdatus, 
belonged  to  the  same  genus,  though  I  regarded  it  as  exceedingly 
likely.  Having  recentiy,  however,  split  open  many  specimens  of 
this  coral,  I  have  ascertained  that  it  possesses  as  distinct  a  colu- 
mella as  its  larger  congener,  though,  of  course,  shorter  in  proportion 
to  the  squat  growth  of  the  species. 

Edwards  and  Haime's  description,  viz.  '*  oolumella  well  deve- 
loped, composed  of  prismatic  or  twisted  processes  disposed  fascicu- 
Urly  or  in  a  single  row,"  applies  equally  to  both  species. 

aJ.G.S.  No.  131.  2l 
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Although  I  have  never  seen  a  T.  angulaiug  with  diatinot  epitheca 
and  expanded  base,  yet,  judging  from  the  analogy  of  T,  contdua^  it 
is  reasonable  to  suppose  that  t^ey  were  originally  present ;  indeed 
it  is  exceedingly  rare  to  find  even  a  trace  of  the  oostolate  wall,  their 
usual  condition  being  that  of  dark  phosphate  casts. 

Range  of  the  species  mentioned  in  the  foregoing  notes  as  Tiot 
previously  identified  in  the  Cambridge  Greensand : — 


Gault. 

Eog^iflhor 

Foreign. 

Upper      Yraeofucii 
Qault  of   I   or  Gmali 
England.  >  Sup^riear. 

NautiluB  arouatus.  Deak 

ft? 

1 

1 

TarrilitM  eleffanB.  DOrh 

} Bmerioianus,  2>'Or5 

Omithcmuv  hintochilud   Gnrdak, ...,,,...rr. 

ft 

'RrA/Oivat/imii  iLncniliLrA.  Skillet/    

1 

Turbo  PiotetiAnus,  l/Orb 

1 

ft                   » 

»         t         ♦ 
ft? 

PlMirotomaria  reffina.  Pt*  Jt  Mx,  

?           Itieriana, /Y.  if  ii!jr 

Lima  Bauliniana.  2>'Or6 

I 

Names  of  those  to  be  struck  out  of  former  list : — 


Belenmitee  plenus,  Blainv, 
Ammonites  dispar,  I/Orh, 
— '  acanthonotui,  Sedey, 
Pterodonta  maiginata,  SeeUjf. 

longispira,  Seeley, 

Pterooerae  Fittoni 
Mesodiilotoma  itriata,  8eele^ 
TroohuB  Tollotianut,  Pt,  #  ]fer. 
Turboidea  nodosa,  Seeleif, 


Turboidea  expansa,  Seeltjf. 
SpondyluB  Dutempleanufl,  DOrh. 

tranoatus,  I/Orb. 

lima  aspera,  MeaU, 
Hemiaeter  asteriaa  (=Bpiaater). 
Saroinula  fibToea  (=Ieastr«a). 
Oidarifl  claTigera,  Konig. 
Ohenendopora= Pharetrospongia, 
SoUa». 


EXPLANATION  OP  PLATE  XXI. 

Fig.  I.  TurriUtes  nobilia,  new  sp.,  Qeolodcal-Sunrey  ooUeoUon,  phosphate  e 

2.  A  roTersed  Pleurotomaria,  probably  Pi.  Itieriana^  Surrey  collection. 

3.  Turbo  Pictefianus,  D'Orb.  (Turboidea  nodosa,  Seeley),  a  unique  specimen 

in  the  cabinet  of  Mr.  James  Carter,  F.Q-.S. 

4.  TMh)  Pictetianus,  D*Orb.,  a  phosphate  oast. 

5.  Turbo  PioMiamuM,  D'Orb.,  a  Perte-du-BhAne  specimen  retaining  the  shdl, 

from  the  Woodwardian  Museum. 

6.  NoHca  Umstriata,  new  sp.    From  a  phosphate  oast  in  the  Woodwardian 

Museum.    Circumstances  have  preTcnted  the  delineation  of  a  speci- 
men showing  the  shell. 
7, 8.  Nerita  noduhaa,  new  sp    From  a  unique  specimen  in  the  cabinet  of 

Mr.  J.  Carter,  F.G.S. 
9.  Lima  RauHniana,  D'Orb.    Magnified  yiew  of  a  portion  of  the  sh^. 
10.  Lima  inUriineata,  new  sp.     From  a  specimen  in  the  Woodwardian 
Museum.    Fig.  10  a  shows  a  portion  of  the  shell  on  the  other  side. 

For  the  Discussion  on  this  paper  see  p,  446. 
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S5.  On  the  Behains  of  Hypsodon,  Portheits^  atkl  Iohthtodbctbb 
from  British  Cretaceous  Strata,  with  Desonptions  of  hew 
Spbcibb.  By  E.  Tullbt  Newton,  Esq.,  F.G.8.,  of  H.M.  Geo- 
logical  Survey.    (Bead  June  6,  1877.) 

[Platb  XXIL] 

Dk.  Maktbll  in  the  year  1822,  in  his  *  Geology  of  Sussex,'  described 
And  figured  certain  fossil  bones,  obtained  £rom  the  Upper  Chalk  near 
Xiewes,  as  the  parts  of  an  unknown  fish  (p.  241,  pi.  42).  These 
remainsy  which  it  appears  were  all  obtained  from  one  block  of  chalk, 
consisted  .of  an  upper  jaw  with  teeth,  including  the  maxilla  and 
prsemaxiUa,  with  a  vertebra  and  an  indeterminable  bone.  The 
maxilla,  which  is  there  referred  to  as  a  lower  jaw,  is  said  to  ''  con- 
tain twelve  smooth  pointed  teeth.  These  are  slightly  convex,  very 
brittle,  and  possess  a  glossy  surface.  The  three  anterior  ones  are 
^ntly  curved ;  their  uings  are  hoUow,  and  placed  in  sockets  that 
extend  almost  to  the  base  of  the  jaw.  The  nine  posterior  teeth  are 
of  a  lanceolate  form,  and  probably  destitute  of  fangs,  appearing  as 
if  attached  to  the  jaw  by  anchylosis.^' 

The  appearances  which  led  Dr.  Mantell  to  think  the  posterior 
teeth  differed  from  the  anterior  ones,  must,  I  think,  have  been  due  to 
the  condition  of  the  specimen,  the  teeth  of  which  are  somewhat 
obscured  by  the  matrix ;  for,  after  a  comparison  with  other  speci- 
mens, I  see  no  good  reason  for  thinking  that  the  teeth  of  this  jaw 
differ  otherwise  than  in  size. 

The  prsemaxilla,  which  has  the  remains  of  "  five  tusks  or  de- 
fences," is  broken  away  from  the  maxilla. 

Prof.  Agassiz,  in  the  year  1843  ('  Poissons  Fossiles '),  without 
definitely  characterizing  his  genus  Hypsodcn^  alludes  to  Dr.  Mantell's 
description,  and  then  proceeds  to  describe  the  fossil  from  the  Chalk 
of  Lewes,  which  he  calls  Hypsodon  lewaiensts  (vol.  v,  p.  99,  pL  25  a. 
fiff.  2).  This  specimen  consists  of  a  large  left  mandible  imbedded 
in  a  block  of  chalk,  with  what  appear,  from  their  position,  to 
be  portions  of  the  right  mandible,  maxilla,  and  praemaxilla.  The 
mandible  is  alluded  to  as  being  "  very  thick,  with  twelve  large  pro- 
minent teeth,  placed  somewhat  apart,  the  anterior  ones  being  nearer 
together  than  the  hinder  ones.  The  upper  jaw  has  large  teeth  in 
front,  which  appear  to  be  implanted  in  the  intermaxiUaries,  and 
form  several  rows  at  the  end  of  the  jaw." 

A  portion  of  a  cranium  is  next  described  (pi.  25  a.  fig.  1) ;  and 

t^  Prof.  Agassiz  thought  might  belong  to  the  same  individual  as 

the  previous  specimen,  being  from  the  same  locality.     There  is  a 

quadrate  bone  (pi.  25  6.  fig.  4),  and  several  other  bones,  upon  the 

'  same  block.     Part  of  a  lower  jaw  is  then  alluded  to  and  figured 

2l2 
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(pi.  26  h.  fig.  3).  This,  it  is  said,  appears  to  have  belonged  to  an  in- 
diyidual  of  large  size  ;  the  teeth,  which  are  not  less  thsji  1^  inc^  in 
height  and  ^  of  an  inch  in  thickness,  are  all  vertical  and  very 
pointed. 

Dr.  Mantell's  specimens  are  again  mentioned  and  refignred  (pL  256. 
fig.  1  a,  6).  It  is  certainly  somewhat  difficult  to  understand  "wiiy 
Prof.  Agassiz  should  have  referred  all  these  specimens  to  one  speciee  ; 
for  a  comparison  of  his  figures  shows  a  most  marked  difference 
between  the  specimen  first  described  and  those  subsequently  alluded 
to.  If  the  mandibles  represented  by  plate  25  a.  fig.  2,  and  plAta 
25  b,  fig.  8,  be  compared,  it  will  be  seen  that  in  the  former  the 
teeth  are  uniform  in  size  and  placed  some  distance  apart ;  while 
those  in  the  latter  are  very  irregular  in  size  and  crowded  t<)gether, 
some  of  them  being  very  much  larger  than  the  others.  The  first 
mandible,  as  represented  in  the  figure,  shows  much  of  its  under- 
surface,  its  massivenoss  being  as  great  in  a  horizontal  as  in  a  verti«d 
direction.  Anteriorly  the  ramus  narrows  as  it  turns  inwards  to 
meet  its  fellow  at  the  symphysis,  so  that  the  front  part  of  the  jaiw 
is  much  narrower,  both  vertically  and  horizontally,  than  is  the  hind^ 
part.  The  second  mandible  (pi.  25  6.  fig.  3),  although  much  broken, 
is  evidently  seen  from  the  side ;  and  there  can  be  little  doubt  th&t 
its  thickness  was  chiefiy  in  a  vertical  direction. 

Again,  the  maxilla  and  preemaxiUa  of  the  first  specimen  (pi.  25  a. 
fig.  2)  differ  very  considerably  from  those  afterwards  alluded  to 
(pi.  255.  fig.  1).  It  might  be  thought  that  these  differences  were 
partly  due  to  the  different  positions  of  the  specimens  ;  but  such  is 
not  the  case,  for  a  comparison  of  the  originals  (now  in  the  British 
Museum)  shows  the  differences  to  be  even  more  decided  than  they 
appecu*  to  be  in  the  figures. 

In  Dixon's  *  Geology  of  Sussex,'  published  in  the  year  1850,  a 
small  lower  jaw  is  figured  (pi.  32  *.  fig.  9) ;  and  although  not 
described  in  the  text,  it  is  named  in  the  references  to  the  plates 
(p.  xiv)  Hypsodon  minor.  An  examination  of  the  original  speci- 
men (also  in  the  British  Museum)  shows  that  this  mandible,  b^des 
being  smaller  than  Agassiz's  type  of  ^.  lewesiensis,  is  proportionally 
deeper  in  a  vertical  direction,  and  much  thinner ;  the  teeth  also  have 
a  different  character.  In  all  these  particulars  this  little  jaw  re- 
sembles the  second  mandible  aUuded  to  by  Agassiz  (pi.  25  6.  fig.  %) ; 
and  therefore,  while  the  specimens  referred  to  ff,  lewesievisis  were  all 
regarded  as  one  species,  it  was  perfectly  consistent  to  refer  this 
jaw  to  the  same  genus,  although  it  is  now  found  necessary  to 
remove  it  to  another. 

Prof.  Cope  has  more  recently  made  known  to  us  several  new 
forms  of  fishes  from  the  CJretaceous  Rocks  of  the  Western  Terri- 
tories (see  more  especially  the  Report  of  the  U.S.  Oeological  Survey 
of  the  Territories,  vol.  ii.  'Cretaceous  Vertebrata,*  1875).  To 
receive  these  he  has  found  it  necessary  to  establish  several  new 
species  and  genera,  which,  have  not  hitherto  been  recognized  in  this 
country.  In  his  family  Saurodontidae  he  includes  six  genera,  of  which 
he  gives  the  following  synopsis  (/.  c.  p.  189) : — 
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Si^napsis  of  Genera, 

I.  Jaws  without  foramina  on  the  inner  fiioe  below  the  alreolar 
margin. 

a.  Teeth  cylindrio. 

Teeth  of  unequal  lengths;  some  of  them  greatly 

tieveloped Pdrtheus. 

Tee^h  of  equal  lengths IcktfyocUctes, 

aa.  Teeth  compressed,  knife-like. 

Teeth  of  unequal  lengths;    some  of   the  anterior 

greatly  developed Erimchihe. 

Teeth  equal   Daptinw. 

II.  Dentarj  bones  pierced  by  foramina  below  the  alveolar 
border. 

Teeth  wiUi  suboylindric  crowns Saurodon, 

Teeth  with  short,  compressed  crowns    Sauracepkaius, 

Immediately  after  this  synopsis  Prof.  Cope  says ; — "  There  are 
some  other  forms  to  be  referred  to  this  family,  whose  characters  are 
not  yet  folly  determined.  Thus  Hypsodon^  Agass.,  from  the  Euro- 
pean Chalk,  is  related  to  the  two  genera  first  named  above,  but,  as 
left  by  its  author  in  the  *  Poissons  Fossilfs,'  includes  apparently  two 
generic  forms.  The  first  figured  and  described  has  the  mandibular 
teeth  of  equal  length.  In  the  second,  they  are  unequal,  as  in 
Portheus,  to  which  genus  this  specimen  ought,  perhaps,  to  he  re- 
ferred. ♦  ♦  ♦  ♦  Eetaining  the  name  Hypsodon  for  the  genus  with 
equal  mandibular  teeth,  its  relations  to  Ichthyodectes  remain  to  be 
determined  by  further  study  of  H.  hvesiensis.  The  view  of  the 
superior  walls  of  the  cranium  given  by  Professor  Agassiz  presents 
characters  quite  distinct  from  what  I  have  observed  in  Portheue, 
A  species  of  Ichthyodectes  from  the  chalk  of  Sussex,  England,  is 
figured,  hut  not  described,  by  Dixon  in  the  '  Geology  of  Sussex.' " 

From  this  it  is  seen  that  Prof.  Cope  fully  recognized  the  difference 
existing  between  the  various  specimens  referred  to  H,  lewesiensis  by 
Agassiz.  A  comparison  of  the  figures  given  by  Prof.  Agassiz  of 
^'  Mantell's  specimen  (pi.  25  h.  ig,  1)  with  Prof.  Cope's  figures 
(loc.  cit,  plfl.  39,  41,  and  42.  fig.  1)  will  show,  I  think,  conclusively 
the  close  afiinity  between  them.  The  peculiar  form  of  the  maxilla 
*Dd  praemaxilla,  and  the  large  teeth  implanted  in  the  latter,  corre- 
spond so  closely  in  the  two,  that  at  first  sight  they  might  be  thought 
to  belong  to  the  same  species. 

Having,  in  the  light  of  Prof.  Cope's  memoir,  careftilly  examined 
Agassiz's  typo  specimens,  and  compared  them  with  the  fish-remains 
described  in  the  following  pages,  I  am  convinced  of  the  necessity  of 
dividing  Hypsodon  lewesiensis  as  suggested  by  Prof.  Cope ;  and  it 
^  proposed  to  retain  this  name  for  the  specimens  first  described  by 
-^assiz,  and  upon  which  the  species  and  genus  are  really  founded 
(Poiss.  Fobs.  vol.  v.  pi.  25  a.  figs.  1,  2,  and  4),  and  to  remove  Dr. 

Mantell's  specimens  and  certain  others  (Poiss.  Foss.  pi.  25  a.  fig.  3, 
and  25  6.  figs.  1  a,  1  6,  2,  and  3)  to  the  genus  Poriheus  of  Cope. 
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Htpsodok  nwmmsM,  Agaasiz. 

Hyp9odon  Uwesiensisy  Ag.  Poiss.  Foes.  1843,  yoL  t.  p.  99,  pL  25  ft. 
figs.  1,  2,  and  4,  pi.  25  6.  figs.  4  and  5. 

This  species  will  still  be  typified  by  the  specimens  troai  ihe  Lewes 
Chalk  indicated  above;  but  the  Hmitations  which  are  pix^oeed 
render  it  necessary  to  modify  Agassiz's  description.  The  lower  jaw» 
of  whidi  only  the  anterior  part  is  preserved,  is  very  maasiTe,  its 
thickness  being  as  great  horizontally  as  verticaUy.  Anteriorly  the 
jaw  rapidly  decreases  in  size,  and,  after  making  a  very  definite  cnrre 
inwards  to  meet  its  fellow,  terminates  in  a  small,  dightly  swollai 
symphysis.  Twelve  teeth  *  are  preserved ;  and  these  are  placed  at 
intervals  in  one  row.  The  spaces  between  them  are  obeKsnred  by 
matrix ;  and  it  is  possible  that  some  of  these  were  oocnpied  by 
teeth ;  bat,  judging  from  the  spaces  existing  in  the  upper  jaw,  it 
would  seem  unlikely  that  the  teeth  were  ever  in  a  continuous  series. 
The  teeth  are  hollow,  oonical,  curved,  all  very  nearly  of  the  same 
size,  and  apparently  ankylosed  to  the  jaw ;  probably  they  have 
fangs  implanted  in  definite  sockets.  There  are  no  definite  indications 
of  a  vertical  succession  as  observable  in  the  genus  Portheus. 

The  maxilla  is  imperfect ;  where  it  is  broken  across  it  shows  a 
triangular  section  and  a  very  considerable  horizontal  thickness.  li^ 
its  present  condition  it  is  provided  with  seven  or  eight  teeth  similar 
to  those  of  the  mandible,  and  arranged  in  a  single  row.  A  weQ- 
marked  facet,  evidently  for  articulation  with  the  premaxilla,  ex- 
tends from  the  anterior  part  of  the  outer  surface,  upwards  and 
backwards,  indicating  that  the  latter  bone  overlapped  the  maxilla 
for  a  considerable  distance,  and  in  a  manner  quite  unlike  what 
obtains  in  Pbrtheus. 

The  form  of  the  pra^maxilla  cannot  be  clearly  made  out ;  but  it 
evidently  has  a  greater  length  and  horizontal  thickness  than  in 
Parihfus,  while  its  vertical  dimensions  are  apparently  much  leas. 
The  outer  edge  of  the  broad  dentary  margin  still  retains  four  or 
five  t«eth  similar  in  form  to  those  of  the  maxilla ;  within  these, 
and  separated  from  them  by  a  distinct  space,  there  are  two  some- 
what larger  teeth.  Prof.  Cope,  judging  firom  the  figure  of  the 
present  specimen,  seemed  to  think  it  might  be  allied  to  his  genus 
lehthyodecUs ;  but  from  what  has  been  said  above  it  will  be  obvious 
that  such  is  not  the  case.  The  form  of  the  lower  jaw  is  certainly 
more  like  that  of  Saurodon ;  but  I  am  far  from  being  convinced  o( 
the  propriety  of  placing  it  in  the  group  of  the  Saurodontidae. 

The  skull  figured  by  Agassiz  from  the  Chalk  of  Lewes  may  pos- 
sibly belong  to  the  same  species ;  but  there  is  no  direct  evidence  to 
prove  this.  If  this  is  truly  the  skull  of  Hypsodon  letvesiensis,  then 
its  characters  and  those  of  the  vertebrae  found  with  it  and  other 
bones,  upon  the  same  block  of  chalk,  are  additional  evidence  of  the 
distinctness  of  Hypsodon  and  Portheva ;  for  while  this  skull  is  broad 

*  Some  of  lhe«e  teeth  appear  to  have  been  lost  Binoe  Agaami't  fignre  wiu 
drawn. 
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and  depressed)  that  of  Portheua  is  narrow  and  compressed;  the 
yertebrsB  also  are  shorter  than  in  Poriheus,  and  have  not  the  large 
lateral  pits  or  depressions. 

PoBTHsus,  Cope. 

This  genus  was  estahlished  by  Prof.  Cope  to  receiye  certain  large  ' 
fossil  fishes  from  the  Cretaceous  formations  of  the  Western  Terri- 
tories. The  genns  is  fully  described ;  and  the  more  important  cha- 
racters by  which  it  is  separated  from  other  genera  of  the  Sanrodon- 
tidsB  are  thus  given  (loc.  cit.  p.  190): — "  Teeth  subcylindric,  without 
serrate  or  cutting  edges,  occupying  the  premaxillaryy  maxillary, 
and  dentary  bones;  sizes  irregular;  the  premaxillary,  median 
maxillary  y  and  anterior  dentary  teeth  much  enlarged.  No  foramina 
on  inner  face  of  jaws.  Teeth  on  the  premaxillary  reduced  in 
number.  Opercular  and  preopercular  bones  very  thin.  Cranial 
bones  not  sculptured." 

The  only  examples  of  this  genus  at  present  known  in  Britain  are 
also  from  Cretaceous  formations  ;  and  by  far  the  most  perfect  speci- 
men with  which  I  am  acquainted  is  the  one  from  the  Gault  of  Folke- 
stone described  below  as  Poriheus  gatdtinus,  and  preserved  in  the 
Museum  of  Practical  Geology.  There  are  numerous  fragments  of  jaws 
belonging  to  this  genus  in  several  provincial  Museums  and  private 
collections  ;  but  their  affinity  with  Porthfus  appears  not  to  have  been 
recognized  hitherto. 

Prof.  Cope*s  synopsis  of  distinctive  specific  characters  will  help  to 
make  more  dear  the  descriptions  of  new  species  in  the  following 
pages.     . 

Synoj>8is  of  Species, 

a.  Two  premaxiUary  teeth : 

Maxillary  arch  thin,  deep,  with  narrow  anterior  oon* 
dyle;  large  inaidllary  teeth  five;  third  mandibular 
tooth  large,  behind  a  croBs  groove  P.  molosms. 

MaxUlary  lai^e  teeth  three;    third  mandibular  small, 

without  croBi  groove  in  front  of  it P.  ihaumus. 

o<i.  Three  to  Ato  premaxillary  tee^ : 

ISmzillary  arch  stout^  deep,  with  heaTy  anterior  condyle; 

larger  teeth  five P-  lestrio. 

Maxillary  arch  thick  and  shallow;  larger  teeth  five P.  Mudgei. 

^^.  Premaxillary  teeth  unknown : 

Maxillary  bone  deeply  conca?e ;  email P.arcuatus. 

As  the  representatives  of  this  genus  in  England  are  chiefly  known 
to  us  by  fragments  of  upper  and  lower  jaws,  it  is  particularly  con- 
venient to  have  this  synopsis,  which  is  founded  upon  the  characters 
of  the  toeth  and  jaws.  Prof.  Cope,  having  had  better  and  more 
Qomerous  specimens  than  we  possess,  has  selected  these  as  pro- 
Jninent  features,  the  characters  here  pointed  out  being  accompanied 
^y  other  diflFeronces  in  various  parts  of  the  skeleton. 
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PoBTHEus  DAYXEan,  n.  sp.    PL  XXTT.  fig.  13. 

This  q)ecie8  is  founded  upon  a  specimen  in  the  British  Museum 
from  the  Lower  Chalk  near  Maidstone  (?).  It  consists  of  a 
rig^ht  maxilla  with  the  outer  surface  and  teeth  in  a  remarkahly 
good  state  of  preservation,  hut  wanting  the  posterior  extremity. 
Upon  the  same  block  of  chalk  there  is  a  yertebra  and  a  rod-like 
bone  with  a  fEdcate  extremity,  which  may,  perhaps,  be  a  post- 
dayide. 

This  maxilla  has  proportionally  a  greater  Tcrtical  thickness  than 
has  that  of  either  of  the  species  of  Poriheus  described  by  Prof.  Cope 
or  mentioned  in  this  communication.  The  upper  maigin  is  slighUy 
convex  from  before  backwards,  and  posteriorly  has  a  well-marked 
groove.  The  lower  or  deutary  margin  is  strongly  and  regularly 
convex ;  in  its  present  condition  it  b  provided  with  twelve  straight 
teeth ;  the  anterior  three  are  small,  the  median  one  rather  larger, 
and  the  remaining  eight  intermediate  in  eize.  The  spaces  ob- 
servable between  some  of  these  are  occupied  by  alveoli,  and  may 
have  home  teeth  when  the  jaw  was  perfect.  If  such  was  the  case, 
then  so  much  of  the  maialla  as  is  preserved  may  have  possessed 
fifteen  or  sixteen  teeth ;  at  present  there  are  twelve  in  situ.  An- 
teriorly the  bone  presents  a  very  rugose  surface  for  articulation  with 
the  prsemaxilla.  The  piece  of  bone  attached  to  the  upper  portion  of 
Uiis  surface  is  probably  no  part  of  the  prsemaxiUa,  although  occu- 
pying its  position.  The  spaee  between  the  posterior  margin  of  the 
premaxillary  articulation  and  the  first  maxillary  tooth,  shown  in 
figure  13,  appears  to  have  been  naturally  edentulous.  The  outer 
surface  is  flattened  and  marked  by  ramifying  vascular  channels, 
which  pass  in  a  backward  and  downward  direction  from  foramina 
situated  towards  the  anterior  part  of  the  bone. 

This  maxilla  differs  from  those  of  all  other  species  of  this  genus 
at  present  known,  in  its  proportionally  greater  vertical  thickness,  in 
the  convexity  of  the  dentary  margin,  and  also  in  the  more  uniform 
size  of  its  teeth.  In  this  last  character  some  approach  is  made  to 
the  genus  lehthyodectes ;  but  the  larger  size  of  the  middle  tooth 
seems  rather  to  ally  it  to  Poriheus  ;  and  in  the  absence  of  the  prsB- 
maxilla,  by  which  its  affinities  could  be  more  definitely  determined, 
it  is  thought  best  to  place  it  in  the  latter  genus. 

The  vertebra,  imbedded  in  the  scune  block,  is  deeply  biconcave ; 
and  the  sides  present  large  cavities,  similar  to  those  in  the  vertebne 
of  other  species  of  Portheus. 

The  rod-like  bone  has  not  the  character  of  a  rib,  nor  the  ap- 
pearance of  a  pectoral  spine ;  but  it  is  quite  possible  that  it  may  be 
a  ventral  spine  or  a  postclavicular  bone. 

The  specific  name  proposed  for  this  specimen  is  intended  as  a  mark 
of  respect  for  my  friend  Mr.  W.  Davies,  of  the  Palaaontological  De- 
partment in  the  British  Museum,  to  whom  I  am  indebted  for  the 
kind  manner  in  which  he  has  facilitated  my  examination  of  the 
spedmens  in  the  national  collection. 
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FoBTHXTB  eAULTDHTs,  n.  sp.     PL  XXTT.  figs.  1-12. 

Mrs.  Elisabeth  Warne  has  recently  enriched  the  Mnseam  of 
Practical  (Geology  by  the  presentation  oi  a  yery  fine  specimen  c^  a 
P[niheus,  which  was  obtained  throngh  Mr.  £.  Gharleswortii,  frcMi^ 
the  GFanlt  of  Folkestone.  This  specimen  includes  the  greater  part 
of  npper  and  lower  jaws  of  both  sides,  with  a  considerable  portion 
of  the  brain-case  and  bones  of  the  ethmoidal  region,  also  several 
▼ertebrs  and  fragments  of  bones  which  cannot  be  identified.  Hie 
generic  relationship  of  this  specimen  to  the  American  B^rtheus 
cannot  be  donbted ;  specifically  it  is  so  closely  allied  to  P.  Uttrio, 
Cope,  that  one  might  at  first  be  inclined  to  relet  it  to  that  spedes  ; 
bnty  besides  its  much  smaller  sice,  it  exhibits  certain  pecnliaritiea 
which  prevent  its  being  regarded  as  the  same.  Each  of  the  parts 
will  now  be  considered  separately. 

Maxilla  and  PrasmaxiUa. — ^These  two  bones  are  represented  by 
PlateXXII.figB.2and9,m;rd^pma?;  they  are  so  dosely  fitted  together 
that,  it  IB  evident,  no  movement  conld  have  been  possible  between 
them.     The  maxHla  extends  forwards  on  the  inner  side  of  the  prao- 
maxilla  to  within  an  eighth  of  an  inch  of  the  front  border  of  the 
latter  bone,  which  thus  comes  to  lie  altogether  upon  the  oi^r  aide 
of  the  maxilla.    The  outer  sarfSEU)e  of  the  preemaxilla  is  convex ;  its 
hinder  border  is  deeply  and  irregolarly  serrated,  so  that  its  junction 
with  the  maxilla  is  very  distinoUy  seen.    At  the  lower  part  of  this 
junction  there  is  a  groove  which  terminates  in  a  deep  notch  upon 
the  dentary  margin.    The  anterior  border  is  convex,  and  terminates 
above  in  a  rounded  process  ;  immediately  behind  this,  and  therefaro 
upon  the  upper  margin,  there  is  a  notch,  from  which  the  upper 
border  curves  backwards  and  downwards,  and  is  continued  into  the 
serrated  posterior  border.     The  dentary  margin  appears    nearly 
straight  in  a  side  view ;  from  below  it  is  seen  to  be  provided  with 
five  fliveoli  (PL  XXll.  fig.  9),  the  second  and  third  being  much  laiger 
than  the  others ;  and  the  teeth  which  they  supported  were  probably 
not  less  than  an  inch  in  length,  as  indicated  by  the  dotted  lines 
(PI.  XXII.  fig.  2).     Upon  the  left  side  the  Ist,  3rd,  and  4th  alveoli 
support  functional  teeth,  while  in  the  2nd  the  tooth  has  scarcely 
reached  the  level  of  the  margin,  and  the  5th  seems  to  be  occupied 
by  bony  matter.     Upon  the  right  side  the  2nd,  4th,  and  5th  have 
fiinctional  teeth,  while  in  the  Ist  and  3rd  the  teeth  have  not 
reached  the  level  of  the  margin. 

It  has  already  been  pointed  out  by  Prof.  Cope,  that  Pbriheus  had 
a  vertical  succession  of  its  teeth ;  and  this  is  well  shown  in  the 
present  specimen,  both  in  the  prsemaxilla,  maxilla,  and  mandiUe. 
While  the  teeth  were  being  thus  continually  renewed,  the  alveoli 
supporting  them  appear  to  have  been  persistent ;  and  not  only  so, 
but  they  seem  to  have  maintained  their  relative  sizes ;  for  while 
some  of  the  alveoli  are  completely  filled  by  the  fangs  of  the  teeUi 
they  support,  others,  of  equal  size,  contain  teeth  in  various  stages  of 
growth,  and  not  nearly  filling  their  cavities. 

Apparently  as  a  consequence  of  this  vertical  succession,  the  teeth 
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are  very  irregular,  and  it  is  not  easy,  especially  in  a  side  view  snoh 
as  figare  2,  to  detennine  whether  the  small  teeth  are  ftdly  grown 
ones,  or  are  large  teeth  only  partly  grown.  It  becomes  necessary 
therefore  to  consider  the  relative  sizes  of  the  alveoli  and  their  teeth 
in  order  to  know  whether  the  latter  are  fnlly  developed.  The  im- 
portance of  knowing  this  will  be  obvious  when  it  is  remembered 
that  the  relative  sizes  and  number  of  the  teeth  have  been  regarded 
as  important  specific  characters. 

The  maxilla  has  two  articular  surfaces  at  its  upper  and  front 
part ;  the  anterior  of  these  is  laterally  compressed  and  placed  on  the 
inner  side  of  the  process  of  the  preemaxilla,  with  a  deep  depression 
intervening.     The  posterior  articular  surface  lies  immediately  behind 
and  above  the  prsemaxilla.     It  is  this  one  which  articulates  with  the 
palatine  bone.    The  upper  margin  of  the  maxilla  is  strongly  grooved, 
probably  on  account  of  its  articulation  with  l^e  suborbital  bones. 
Towards  its  posterior  end  it  is  gradually  reduced  in  thickness; 
both  maxillsB,  however,  are  slightly  broken  in  this  region.     The 
dentary  border  is  concave  at  its  anterior  part  and  nearly  straight 
posteriorly.  The  anterior  nine  or  ten  alveoli  are  small  (about  -j^  inch 
diameter) ;  these  are  succeeded  by  ten  or  twelve  larger  ones  (about 
i  inch  diameter);  behind  these  there  are  indications  of  perhaps  eighteen 
or  twenty  small  ones.     Most  of  the  teeth  are  broken  off;  but  those 
which  remain  are  Bomewhat  curved  inwards — a  character  also  in- 
dicated in  Cope's  figures  of  P.  lestrio,  but  not  alluded  to  in  the  text. 
The  right  maxilla  has  a  small  portion  of  another  bone  attached  to 
the  upper  edge  of  its  posterior  extremity,  which  may  be  the  repre- 
sentative of  the  jugal  bone. 

Comparing  theee  maxillse  and  preemaxillse  with  those  of  P.  lestrio 
(l-  c,  pL  42,  fig.  1),  it  will  be  seen  that  the  general  contour  is  not 
the  same.  In  the  present  specimen  the  praemaxilla  is  directed 
more  obliquely  backwards,  its  anterior  process  is  more  prominent 
and  placed  further  forward,  leaving  a  greater  space  between  it 
and  the  posterior  maxillary  articular  surface.  The  groove  and 
notch  between  the  maxilla  and  prsemaxilla  are  not  seen  in  the 
figures  of  P.  lestrio.  The  larger  teeth  of  the  maxilla  are  placed 
farther  backwards  in  our  specimen;  and  consequently  the  con- 
vexity of  this  margin  is  further  from  the  prsemaxilla. 

Mandible. — The  dentary  portions  of  both  rami  are  preserved, 
and,  as  in  other  species  of  this  genus,  are  remarkable  for  their 
great  vertical  depth  and  compressed  form.  A  small  portion  of 
the  a  rficu7ar  bone  of  the  left  side  is  preserved  (fig,  1,  art*) ;  but  that 
of  the  right  is  altogether  wanting.  The  outer  surface  of  the  dentary 
has  a  deep  groove  towards  the  lower  margin.  The  anterior  portion 
is  swollen,  especially  its  upper  part,  to  accommodate  the  large  ante- 
fior  teeth.  There  are  depressions  upon  this  surface,  which  probably 
indicate  the  extent  to  which  the  articular  bone  penetrated  the  den- 
tary portion.  A  few  vascular  channels  may  be  traced  radiating 
^m  a  point  dose  to  the  anterior  end.  The  lower  margins  are 
mostly  broken  away,  on  account  of  their  being  very  thin  below  the 
*  This  figure  hns  been  reTened. 
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grooTOf  as  is  shown  by  the  part  which  is  still  preserved*  Ante- 
riorly the  mandible  is  tronoated  by  the  peculiar  symphysia,  whidi 
occupies  nearly  the  entire  depth  of  the  jaw  (PL  XXII.  fig.  6),  and, 
as  seen  in  a  side  yiew  (figs.  1  and  5),  is  set  obliqudy  to  its  genenl 
direction.  The  symphysial  surfaces  are  rugose,  and  show  tli&t  car- 
tilage must  have  occupied  a  space  between  the  two  rami.  The 
dentary  margin  presents  two  depressions  and  three  prominences 
(fig.  l)f  the  latter  marking  the  positions  of  the  larger  teeth.  Ante- 
riorly there  are  two  large  teeth  (nearly  ^  inch  diameter),  which  are 
succeeded  by  a  small  one  (about  -^  inch  diameter)  and  two  <d 
median  size  (about  |  inch  diameter).  Next  follow  three  large 
teeth,  the  first  and  last  as  large  as,  or  larger  than  the  two  at  the  front 
of  the  jaw.  Succeeding  these  there  are  eleven  teeth  preserved  m 
situ,  and  spaces  for  probably  six  or  seven  others ;  they  vary  in  aire 
from  y^  to  I  of  an  inch  diameter.  The  thinning  away  of  the  den- 
tary bone  behind  these  teeth  shows  clearly  that  it  terminated  hexe ; 
and  the  total  number  of  teeth,  therefore,  could  not  have  exceeded 
twenty-six  or  twenty-eight.  The  teeth  are  slightly  oval  in  trans- 
verse section ;  and  the  portion  projecting  above  the  jaw  is  highly 
polished.  The  larger  teeth,  when  held  so  as  to  catch  the  light,  show 
very  obscure  annular  markings.  The  greatest  peculiarity  of  these 
teeUi  is  the  remarkable  manner  in  which  their  extreme  points  are 
bent  inwards.  This  is  not  seen  when  the  jaw  is  viewed  from  the 
side,  but  is  very  marked  when  the  teeth  are  seen  from  before  or 
behind  (figs.  1  a,  1  &)*.  This  character  of  the  teeth  does  not  appear 
to  be  present  in  P.  lestrio ;  for  Prof.  Cope  makes  no  mention  of  it, 
although  he  speaks  of  one  of  his  specimens  as  having  nearly  com- 
plete dentition ;  and  such  an  evident  peculiaiity  could  not  have 
escaped  observation. 

Byoid, — Prof.  Cope  says  with  regard  to  the  hyoid  of  PortheuM  and 
its  allies  (Z.  c.  p.  185)  : — <'  Little  can  be  said  respecting  the  hyoid 
apparatus  in  this  family.  Some  inferior  branchihyals,  preserved  in 
Poriheus  thaumus,  are  short  flat  rods.  Two  long  flat  bones,  in  place 
between  the  dentaries  of  a  P.  lestrio,  appear  to  be  the  distal  cera- 
tohyals.  They  terminate  in  some  crushed  basihyals,  and  are 
covered  with  minute  teeth  en  hrosse  on  the  inner  fiices  and  superior 
margins." 

Several  elements  of  the  hyoid  apparatus  are  preserved  in  the 
Gault  specimen,  and  occupy  very  nearly  their  normal  positions, 
being  wedged  in  between  the  rami  of  the  mandible.  These  bones 
are  partly  shown  in  Plate  XXII.  fig.  1,  but  are  much  better  seen 
from  the  opposite  side  when  the  right  ramus  is  removed  (^g,  5). 
The  form  of  the  large  bone  thus  seen  (ch\  and  the  position  which 
it  occupies,  indicate  that  it  is  the  right  ceratohyal  (the  left  bone  is 
in  place,  but  hidden  in  this  view).  These  bones  are  very  thin  and 
compressed,  especially  at  their  anterior  extremities.  Posteriorly 
each  has  a  considerable  vertical  extent ;  but  this  gradually  decreases 
anteriorly  for  about  i  of  its  length ;  then  the  anterior  fifth  suddenly 
widens  again  to  nearly  the  same  dimensions  as  the  posterior  part, 
and  terminates  in  a  fanlike  extremity.     Both  ends  of  this  bone  have 
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a  smooth  outline^  indioatiTe  of  a  cartOagmons  artdoulatioii  with  the 
hypo-  and  epihyals,  the  anterior  being  convex  and  the  posterior 
oonoave.  The  lower  margin  has  a  groove,  which  is  widest  and 
deepest  at  the  narrow  part  of  the  bone,  and  is  gradually  lost  before 
reachiDg  the  hinder  end ;  the  posterior  three  fourths  of  an  inch  of 
this  man^n  being  a  thin,  sharp  edgo.  The  upper  margin  is  a  thin 
edge  from  end  to  end. 

Immediately  in  front  of  the  oeratohyals  there  are  portions  of 
three  or  four  bones  which,  from  their  position,  seem  to  be  the  double 
hypohyals  (basihyals  of  some  authors);  but  this  .is  uncertain,  as 
they  are  broken,  and  their  true  form  cannot  be  made  out.  There 
are  no  traces  of  any  hranchiostegal  rays. 

The  bone  marked  hh  in  figure  5,  which  is  below  the  hypohyals, 
is  compressed  anteriorly,  but  becomes  stouter  and  rod-like  poste- 
riorly.     Just  above  these  letters  the  upper  margin  is  expanded 
laterally  into  two  short  wings,  having  a  deep  groove  between  them. 
The  hinder  edge  of  this  bone  seems  to  be  naturally  flattened  on 
each  Bide,  and  is  wedged  in  between  two  fragments  of  bone  (cl,^*) 
which  appear  to  be  the  anterior  extremities  of  the  clavicles.    The 
bone  bh  is,  in  aU  probability,  the  hasihyal  (glossohyal),  which  has 
been  thrown  out  of  place.     If,  however,  the  two  fragments  of  bone 
(d)  are  really  the  ends  of  the  clavicles  (and  there  appears  to  be  no 
good  reason  for  doubting  this),  then  the  bone  hh  occupies  precisely 
the  position  of  an  inUi'clavicle ;  and  it  is  not  a  little  remarkable 
that  this  peculiarity  should  occur  in  a  group  of  fishes  having  other 
saurian  characters. 

Lying  between  the  two  ceratohyals,  and,  indeed,  hidden  by  them 
until  they  were  separated  in  the  process  of  cleaning  the  specimen, 
there  is  an  extremely  thin  bone,  almost  equalling  them   in  size 
(PI.  XXn.  fig.  8).*     Its  hinder  end  is  broken  off;   but  otherwise 
it  is  perfect.     The  form  and  position  of  this   bone,  lying,  as  it 
does,   in    the    reentering  angle   of  the  hyoid  arch,  show  clearly 
that  it    corresponds  to   that  which    Dr.   Parker  has   called  the 
'^  basibranchiostegal."     One  feature  of  this  bone  which  deserves 
notice  is,  that  its  upper  portion  is  covered  with  thin  scale-like  plates, 
which  at  first  might  be  thought  to  be  the  scales.     A  closer  exami- 
nation, however,  shows  that  such  is  not  the  case,  but  that  they  are 
dental  armatures.     Near  the  anterior  and  upper  part  of  the  bone 
there  are  a  few  plates  {^g.  8,  a)  marked  by  ridges  and  grooves  which 
^  directed  upwards  and  forwards  ;  and  when  these  are  examined 
with  a  microscope  the  surfaces  appear  smooth  and  dense  in  structure. 
Passing  backwards  these  plates  are  found  gradually  to  lose  their 
ndges,  and  about  the  middle  of  the  bone  have  their  sur£EU2es  marked 
by  irreg^ular  granulations,  which  are  visible  with   a  pocket-lens. 
Towards  the  hinder  part  of  the  bone  there  are  a  number  of  smaller 
plates  with  radiating  ridges  (fig.  8,  b) ;  and  when  magnified,  their 
^tire  surfaces  are  seen  to  be  covered  with  small  pits ;  these  are  the 
)^A8es  of  minute  teeth,  some  of  which  are  still  in  place,  and  others 
^"^J  be  seen  lying  around.    At  the  anterior  part  of  the  bone,  and 
*  Fig.  8  has  by  some  mishap  been  drawn  upside  down. 
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extending  to  its  lower  maigin,  there  are  pitted  plates  similar  to  those 
last  mentioned,  bnt  without  t^  radiating  ridges  (fig.  8,  e).  Hub 
dental  armature  of  the  **  basibranchiostegal  **  is  most  likely  of  the 
same  nature  as  that  mentioned  by  Cope  as  ocourring  upon  tiio  inner 
surfaces  of  the  oeratohyals  of  a  P.  lestrio,  and  is  to  be  compared  to  the 
minute  teeth  found  upon  various  parts  of  the  mouth  in  tiie  pike  and 
other  fish ;  but  it  is  certainly  peculiar  to  find  it  so  £ur  down  iip<m 
the  sides  of  the  bone,  which,  it  would  seem,  must  have  stood  np  in 
the  floor  of  the  mouth  as  a  prominent  crest  between  the  hyoid 
bones.  A  dried  specimen  of  the  branchial  arches  and  tongue  of 
a  Tunny,  preserved  in  the  Museum  of  the  Boyal  College  of  SuigecAs, 
shows  similar  plates  very  distinctly. 

PaJato-quadrate  arcade. — Parts  of  the  anterior  and  posterior  ex- 
tremities of  this  series  of  bones  are  preserved  in  the  present  spe- 
cimen. Lying  across  the  left  ceratohyal  there  are  portions  of  two 
bones  (PI.  XXTT.  fig.  1,  ^  and  pt).  The  ^nt  edge  of  the  one 
marked  pi  is  a  natural  free  margin  ;  its  posterior  portion  underlies 
the  second  bone  qu,  and  is  partly  united  to  it  by  a  dentate  sutoie. 
The  upper,  lower,  and  hinder  margins  of  the  second  bone  qu  are 
broken;  and  inferiorly  it  shows  the  commencement  of  a  sadden 
thickening.  In  all  probability  these  bones  are  parts  of  thepUrypoid 
and  quadrate  bones,  and  the  thickening  of  the  lower  portion  of  t^e 
hinder  one  is  really  the  commencement  of  the  articular  condyle. 

The  front  portion  of  this  arcade  is  represented  by  the  greater  part 
of  ih»  palatine  bone  (PL  XXII.  fig.  2  pV),  which  has  that  peculiar 
conformation  of  its  anterior  part  termed  by  Prof.  Cope  the  **  mal- 
leolus ;"  this  has  a  smooth  surface  above  for  articulation  with  the 
prefirontal,  and  another  below  for  articulation  with  the  maxilla.  A 
small  rugose  surface  upon  the  outside  of  the  malleolus  appears  to 
have  formed  part  of  the  external  facial  surface  ;  but,  with  this  ex- 
ception, the  palatine  bone  was  covered  by  the  suborbital  bones, 
parts  of  which  are  still  to  be  seen.  The  hinder  part  of  the  palatine 
is  broken  off;  but  so  much  as  remains  lies  close  upon  the  upper 
margin  of  the  maxilla.  Internally  it  is  partly  hidden  by  a  pitted 
bony  plate,  to  which  many  minute  teeth  are  still  attached. 

Ethmoidal  region, — ^This  is  represented  by  a  mass  of  bone  which 
it  would  have  been  extremely  difficult  to  determine,  but  that  it 
retains  a  surface  for  articulation  with  the  right  palatine,  and  has 
fixed  to  its  front  portion  fragments  of  the  anterior  articulations  of 
both  maxillsB.  These  landmarks  not  only  show  the  nature  of  this 
bony  mass,  but  also  allow  its  relation  to  the  bones  just  mentioned  to 
be  clearly  made  out  (eth,  &c.  fig.  2).  The  sutures  between  tiie 
various  parts  are  so  obscure  that  little  can  be  said  as  to  the  form  of 
the  constituent  bones.  There  are  portions  of  both  prefrontals,  the 
vomer  (?),  ethmoid^  possibly  a  part  of  the  paraspJienotd,  fragmoits  of 
the  maxUlcB,  and  of  certain  dermal  bones.  The  prefbrontal  appears  to 
have  been  perforated  for  the  passage  of  the  olfactory  nerve  (olfy 
The  bone  which  is  referred  to  the  vomer  has  no  traces  of  teeth  upon 
it ;  and  it  may  be  that  it  is  the  firont  part  of  the  parasphenoid 
(fig.  3,  vo). 

'^w-caw. — Certain  bones  forming  part  of  the  brain-case  were 
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obtained  with  this  speoimeD,  and  are  represented  upon  Plate  XXII. 
6g.  4.     Although  somewhat  broken  and  compressed,  they  are  suffi- 
ciently well  preserved  to  show  that  the  walls  of  the  brain-case  were 
completely  ossified.     The  sutures  are  so  obscure  that  the  determi- 
nation of  the  homokigies  of  the  various  parts  is  no  easy  task ;  however, 
some  of  the  elements  can  be  identified  with  more  or  less  certainty. 
There  can  be  no  doubt  that  the  fragment  marked  Km  is  the  proximal 
portion  of  the  hy(>mandibvlar  \  and  the  bone  lying  in  front  of  it^ 
and  to  which  it  is  attached  {ip*ot\  can  only  be  lAie  poBifr(mtal  (sphe^ 
notie).     The  upper  part  of  this  is  broken.    The  next  bone  bolow 
{pr.ot)  is  perforated  anteriorly  by  a  large  fbramen  (probably  for  the 
5th  nerve),  and  occupies  the  position  of  the  prooticy  being  wedged 
in  between  the  bones  which  are  believed  to  be  the  hcaUphenoid^ 
alisphenoidy  jpogtfrantaly  and  opisthoiie*^    Attached  to  the  hinder 
part  of  the  prootic  there  is  a  portion  of  a  bone  (op.ot)  which  appears 
to  be  either  the  opisthoHc  or  eocoedpital ;  but  as  all  the  parts  behind 
this  are  wanting,  its  true  homology  cannot  be  determined.  If  this  fish 
possessed  an  opisthoticy  then  the  bone  in  question  is  that  otic  ele- 
ment; but  if,  as  Prof.  Cope  thinks,  Portheus  had  no  opisthotic,  then 
this  b^e  must  be  the  exoccipital.    The  basioeeipital  andparaapbenoid 
are  wanting.    The  bone  marked  bs  seems  to  be  one  side  of  the  upper 
forked  part  of  the  hcuUphenoid,  occup3ring,  as  it  does,  precisely  the 
position  of  the  Y-shaped  bone  in  the  pike,  which  Prof.  Huxley  has 
referred  to  the  basisphenoid  ('  Elements  of  Comparative  Anatomy/ 
1864,  p.  169).    Following  upwards  from  the  front  part  of  this  bone 
there  is  another  (cm),  which,  from  its  relations  to  the  surrounding 
elements,  is  most  probably  the  alisphmoid.     The  anterior  part  of 
the  basis  eranii  is  formed  by  the  bone  marked  ps,  which  occupies  the 
position  of,  and  probably  represents,  both  the  prespTienoid  and  orbito- 
sphenoids.     Seen  from  below,  this  bone  is  broad  posteriorly  and 
narrowed  anteriorly,  with  a  median  rugose,  pear-shaped  convexity 
upon  the  under  surface.     From  the  sides  are  given  off  broad  wing- 
like expansions,  which  pass  upwards  to  meet  the  frontal  bone.    These 
wings  sweep  round  anteriorly,  so  that  they  meet  in  the  middle  line. 
The  bone  {fr)m  front  and  above  the  one  last  mentioned  is  probably 
a  portion  of  the  frorUaX ;  from  the  outer  side  of  this,  and  just  above 
what  must  have  been  the  orbit,  there  is  a  downward  process,  having 
npon  it  a  bone  with  a  rugose  surface,  o  &,  which  it  is  thought  may, 
perhaps,  be  a  supraorbital^  but  is  most  probably  one  of  the  hinder- 
most  of  the  series  of  bones  which  surrounded  the  orbit.     The  form 
of  the  upper  part  of  the  frontal  seems  to  indicate  that  this  region  of 
the  skull  was  raised  into  a  prominent  crest ;  and  this  is  a  character 
which  Prof.  Cope  has  shown  to  exist  in  other  species  of  the  genus. 

Whether  the  bone  in  the  r^on  of  the  letters  2>a  is  a  portion  of 
the  parietal  or  not  it  is  impossible  to  say;  but  certain  it  is  that 
immediately  below  the  letters  this  bone  is  suturally  united  with  the 
one  which  has  been  called  aiisphenoid. 

The  sclerotic  is  well  ossifiea,  and  parts  of  four  or  five  plates  are 
preserved ;  but  neither  of  them  is  sufficientiy  perfect  to  show  its 
precise  form. 
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ffypothetiedl  restoration  of  the  skuU  of  Forthens  gaoltintis 
(see  PL  XXII.  figa.  1,  2,  &  4). 


tp.or 


bs.  Upper  portion  of  basisphenoid. 

as.  AiiBphenoid.    pa.  Parietal  region,    pt.  Presphenoid. 

Jr.  Frontal    ap.ot.  Sphenotio  (postfrontal).    pr.ot.  Prootio. 

opM,  Opisthotio  or  exoodpital.    ob.  Supraorbital. 

pjnx.  Premaxilla.    mx.  Maxilla.    Ju,  UugaL    pi.  Palatine. 

pr^.  Prefrontal    eth.  Ethmoid,    o^f.  Perforation  for  olfactoiy  nerre. 
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The  oatHneof  the  entire  skull  has  been  introduced  in  the  annexed' 
woodcut,  to  render  the  relative  positions  of  the  parts  more  intelli- 
gible. Tlie  relation  of  the  bones  of  the  ethmoidal  region  to  the  maxilla 
and  praemaxilla  is  quite  certain ;  for,  although  now  separated,  the 
broken  surfaoee  show  precisely  how  they  fit  together.  The  direction 
of  the  ontline-base  of  the  skull  is  determined  chiefly  by  the  direction 
of  the  under  surface  of  the  vomer.  In  placing  the  brain-case  in  the 
position  it  occupies,  regard  has  been  paid  to  Prof.  Cope's  figures  of 
Portheus^  as  well  as  to  the  form  of  the  component  bones  of  the 
specimen ;  but  its  relation  to  the  other  parts  must  only  be 
taken  as  approximately  correct.  The  outline  of  the  upper  and 
back  parts  is,  of  course,  purely  conjectural.  The  lower  jaw  has 
been  placed  low  down,  out  of  position,  so  as  not  to  interfere  with  the 
maxilla. 

The  skull  has  been  slightly  crushed,  in  a  lateral  direction,  during 
the  process  of  fossilization ;  it  is  quite  certain,  however,  that  it  was 
naturally  of  a  very  compressed  form. 

Vertebras. — The  six  vertebrsB  belonging  to  this  specimen  agree, 
in  their  general  characters,  with  those  which  have  been  referred  to 
the  American  species ;  but,  at  the  same  time,  they  present  certain 
peculiarities.     The  length  of  each  vertebra  is  about  four  fifths  of 
its  width  ;  the  terminal  faces  are  deeply  concave,  and  communicate 
by  a  small  foramen  in  the  centre,  as  shown  in  figure  12.     One  very 
obvious  feature  of  these  vertebrae  is  the  flattening  of  their  lower 
surfaces ;  but,  as  there  are  slight  ridges  towards  the  terminal  faces, 
this  is  ncft  so  clearly  seen  in  figure  11  as  in  the  specimens.     Pro- 
bably this  flattening  would  not  be  found  in  the  hinder  dorsal  verte- 
brse.    The  basal  portions  of  the  neural  arches  are  left  attached  to 
the  centra  ;  and  are  imbedded  in  deep  pits,  one  upon  each  side  of 
the  middle  line.     They  do  not  appear  to  have  been  ankylosed  to 
the  centra;  for  the  division  between  the  two  is  clearly  seen.     The 
neural  canal  is  small,  the  part  preserved  not  measuring  more  than 
the  fourth  of  an  inch  in  width.     Low  down  upon  the  sides  of  the 
vertebrae,  the  enlarged  heads  of  the  ribs  are  seen  to  be  attached  to 
the  centra,  in  the  same  way  as  the  neural  arches — that  is,  by 
^>eing  sunk  in  deep  pits,  but  not  ankylosed.     A  large  and  deep  de- 
pression,  reckching  almost  to  the  centre  of  the  vertebra  (fig.  12,  Z  J), 
w  seen  upon  each  side  between  the  neural  arch  and  the  rib  (fig.  10). 
^Oiis  depression  is  largest  in  the  hindmost  of  these  vertebrae,  and 
widest  in  the  anterior  one.    The  three  vertebrae  which  appear  to 
have  been  furthest  from  the  head  have  a  second  much  smaller  de- 
pression upon  each  side,  placed  below  the  larger  one ;  and  this  also  is 
^gest  in  the  hindmost  vertebra.      Judging  from  the  American 
species,  this  loss  of  the  lateral  depressions  in  the  front  vertebrae 
of  this  series  shows  them  to  belong  to  the  anterior  dorsal  region ; 
^d  probably  few  intervened  between  them  and  the  skull,     . 

Several  other  pieces  of  bone  were  obtained,  but  they  are  too 
fragmentary   for  determination.      Two   or   three   of    them    may, 
perhaps,  be  parts  of  the  davides,  and  another  possibly  a  portion  of 
^•J.G.8.  No.  131.  2u 
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the  parasphenoid ;  while  two  others  may,  perhaps,   be    pieces  ol 
pectoral  spines.  .  ^^ 

LoealUy  and  Distribution, — ^As  already  stated,  the  speeunen  above 
described  was  obtained  from  the  GavQt  of  Folkestone ;  but  the 
particular  bed  from  which  it  came  cannot  be  ascertained.  POTtiwB 
of  a  pair  of  mandibles,  evidently  belonging  to  this  species,  but  only 
about  half  the  size  of  the  Gault  specimen,  are  preserved  in  ths 
British  Museum  (No.  40146) ;  and  these  are  from  the  Lower  Chalk 
of  Hailing.  Fragments  of  this  species  are  also  to  be  found  axnoo^ 
the  fish-remains  from  the  Cambridge  phosphatic  deposits. 

ICHTHYODBCTES,  CopC. 

This  genus,  as  defined  by  Prof.  Cope  (Z.  c.  pp.  189  and  205%  in- 
cludes those  forms  which,  while  agreeing  with  Portheus  in  their 
main  characters,  differ  from  that  genus  in  haying  the  teeth  ne«riy 
equal  in  size  throughout.     The  only  Englbh  specimens  referable  to 
this  genus  with  which  I  am  at  present  acquainted,  are : — the  one 
figured  in  Dixon's  *  Geology  of  Sussex  *  (pL  32*.  fig.  9),  and  named 
(without  any  description)  ffypsodon  minor ;  and  the  small  jaw  £rom 
the  Toulmin-Smith  collection  described  below,  /.  eUgans.      The 
first  of  these  is  referred  to  by  Cope  {L  c.  p.  206),  and  considered  by 
him  to  belong  to  the  genus  Ichthyodectes.    An  examination  of  the 
original,  which  is  now  in  the  British  Museum  (No.  28894),  con- 
firms this  determination.     Parts  of  both  rami  of  the  mandible 
are  preserved ;  and  while  the  right  side  (that  figured  by  Dixon) 
has  the  teeth  most  perfect,  the  left  side,  most  fortunately,  has  the 
articular  portion  preserved;  and  this  exhibits  the  peculiar  form 
found  in  Portheus  and  Ichthyodectes.    The  uniform  size  of  the  teeth 
allies  it  most  closely  to  the  latter  genus. 

ICHTHTODECTBS  MTNOB,  EgCrtOU.     (PI.  XXII.  fig.  14.) 

Hypsodon  minor y  Egerton  ;  Dixon*s  ^  Fossils  of  Sussex,'  pL  32*. 
fig.  9,  p.  xiv. 

The  specimen  above  alluded  to,  which  was  obtained  from  the 
Chalk  of  Sussex  t,  seems  to  be  ojore  closely  allied  to  /.  anaides  and 
/.  ctenodon  ttian  to  either  of  the  otiier  species  described  by  Prof.  Cope ; 
but  it  differs  from  these,  and,  apparently,  from  all  the  other  species,  in 
the  possession  of  remarkably  straight  teeth,  which  are  not  curved  in- 
wards as  is  usually  the  case.  The  teeth  are  hollow ;  and  there  is  evi- 
dence of  about  eighteen  in  each  ramus,  not  reckoning  the  spaces  be- 
tween them,  which  are  in  most  cases  occupied  by  alveoli,  and  possibly 
by  broken  teeth,  the  total  number  of  alveoli  being  about  thirty  to 
thirty-three.  The  alveolar  margin  is  nearly  straight,  with  a  slight 
convexity  towards  its  anterior  end.    Upon  the  outer  surfSeice,  towards 

t  There  is  no  looalitv  with  this  specimen  at  the  BritiBh  Museum  ;  and  none 
in  mentioned  in  Dixon  s  *  Sussex  ; '  but  in  Prof.  Morris's  Catalogue,  page  330. 
it  is  gifen  as  " Chalk,  Sussex? ;  Charing."  . 
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its  Icwer  margin,  tliere  is  a  deep  depression,  as  in  the  genus  For- 
theus  ;  and  below  this  the  jaw  becomes  much  thinner.  The  upper 
and  lo^wer  margins  are  nearly  parallel  throughout  the  extent  of  the 
dentajy  element;  but  behind  this  the  depth  of  the  jaw  becomes 
mnoli  reduced,  the  facet  of  the  articular  bone  being  at  a  much 
louver  level  than  the  alveolar  margin.  The  S3rmphy8is  must  have 
resembled  that  of  the  Gault  Portheus ;  and  its  length  could  not  have 
been  much  less  than  the  greatest  depth  of  the  jaw. 

The  specimen  represented  by  fig.  14  is  the  left  ramus  of  the  jaw 
figured  by  Dixon,  some  of  the  teeth  being  completed  from  the  right 
side. 

loHTHTODRCTES  RLBGAifs,  n.  sp.     Plate  XXll.  fig.  15. 

There  is  in  the  British  Museum  (No.  41687)  a  small  specimen 
of  a  left  lower  jaw  from  the  Toulmin-Smith  collection,  wluch  was 
obtained  from  the  Lower  Chalk  of  Dorking.     This  specimen  mea- 
sures 3  inches  in  length  in  its  present  condition  ;  but  the  articular 
portion  is  wanting.     When  the  piece  of  chalk  containing  the  speci- 
men was  first  broken  open  the  jaw  itself  was  split  from  end  to  end 
in  such  a  manner  that  the  roots  of  all  the  teeth  were  exposed.     One 
half  was  then  imbedded  in  plaster  of  Paris,  and  the  chalk  removed 
so  as  to  expose  the  inner  surface  of  the  jaw,  which  is  represented 
in  figure  15.     Only  a  few  of  the  teeth  are  seen  in  this  half;  but 
they  have  been  restored  in  the  figure  by  reference  to  the  counter- 
part, in  which  all  the  roots  and  several  of  the  crowns  are  stiU  pre- 
served.    The  upper  margin,  which  appears  to  be  entire,  forms  a 
regular  curve  from  the  hinder  end  to  near  the  front,  where  it  is  in- 
terrupted by  a  projection,   similar  to  that   in  /.  hamatus^  Cope. 
This  projection  bea^  a  small  tooth  directed  obliquely  backwards, 
and  therefore  in  a  difierent  direction  from  the  rest  of  the  teeth,  which 
are  inclined  forward  at  a  considerable  angle.     The  remains  of  from 
twenty-five  to  twenty-eight  teeth  can  be  traced  along  the  jaw ;  they 
are  all  very  nearly  of  the  same  size,  as  shown  by  the  regularity  of 
the  fangs,  and  were  hollow,  long,  and  slender,  with  a  decided  inward 
curvature.     The  symphysis  is  deep,  as  in  other  species  of  the  genus. 
The  lower  margin  is  incomplete.     The  articular  bone  is  altogether 
wanting ;  but  the  dentary  portion  appears  to  be  nearly  complete 
posteriorly. 

This  mandible  differs  from  that  of  any  species  of  Ickthyodectes 
hitherto  described  in  the  curve  of  its  alveolar  margin  and  in  the 
obliquity  of  its  teeth.  The  mandibles  of  the  American  /.  progna- 
(ha^  Cope,  and  /.  muUidentatus,  Cope,  however,  are  not  at  present 
known ;  it  is  possible  therefore  that  this  specimen  may  belong  to 
one  or  the  other  of  these  species;  but,  until  this  point  can  be 
settled  by  the  acquisition  of  better  specimens,  it  has  been  deemed 
advisable  to  let  the  English  species  be  known  by  a  separate 
specific  name. 

2m2 
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KXPUJIAnOH  OP  FLATS  TTH. 

(AH  the %iiTCs OB  tlBi  Plate  anredaeed one-half  UDear/enepi te-  U  1^ 
8«,  86,  8<;,  aod  fig.  15,  wludi««  oaMnrieemM^adL  The  dotted  oatliMi 
n^ljmdkate  profadbfe  rMfcaraHoni^  enqit  in  the  eeee  of  fig.  S.) 


Pig.  L  Cater  torfree  of  left  loiper  jsv,  bjcid*  &&  The  teeth  whieh  are  pv*- 
•erved  in  the  ipeciraen  are  riiaded  in  this  figure;  thoee  which  bsie 
been  broken  are  reetored  in  outline ;  d^m,  dnitarj ;  art,  portion  of 
articular ;  <rA,  centohjal ;  ^,  part  of  quadrate.  This  figure  hai  been 
rerersed  in  order  to  make  it  correspood  with  fig.  2. 
la,  16.  Two  teeth  Tiewed  from  behind  to  afaow  the  incui  fed  pointa.  Katnnl 
■ixe.  The  outhnee  placed  beside  these,  to  show  their  oval  fonn  in 
section,  are  a  little  too  large. 

2.  Outer  surfiMe  of  ri^t  upper  jaw,  with  ethmoid  Ac  in  their  natartl 

pOHtions.  Teeth  rertored  in  outline,  as  in  %.  1 :  pmr,  pnem^xilU; 
mx,  maxilla :  Ju,  jugal ;  pA  palatine ;  frjr,  prefrontal ;  eiA,  ethmoid ; 
o//i  perforation  for  oUictorj  nerre. 

3.  Bonee  of  ethmoid  region  seen  from  below :  efk,  ethmoid ;  «r,  fragment 

of  anterior  articular  process  of  maTills,  which  is  lodged  in  a  deep  «i- 
oavation  d  the  ethsHnd ;  prfr,  these  lettsrt  point  to  the  iorfiioe  w  tiie 
prefrtmtal,  which  artiealateBwith  the  palatine ;  w,  anterior  portioB  of 
Tomer  (?) 

4.  Outer  surfiice  of  right  side  of  brain-case:  6<,  upper  portion  of  bss- 

rohenoid  ;  a #,  aUspbenoid ;  pa,  parietal  region  ;  p  «,  prespbeooid; 
/r,  frontal ;  sp.ot,  sphenotic  (postfrontal) ;  pr,ift.  prootio ;  opM,  o^ 
thotic  or  exoccipital ;  o6,  8iq>raoihital  (?). 

5.  Inner  riew  of  left  lower  jaw  with  h joid  &&  ta  nftc :  <ie»,  left  dentary : 

cK,  right  oeratohyal;  kky  hypohj-als;  c/,  cT,  portions  of  dandes; 
hh,  banhjaL 

6.  Front  yiew  of  the  symphyaial  surfiMses  of  the  two  mandibular  ruaL 

7.  llandible  seen  from  abore,  with  the  hyoid  bones  between  the  raou :  ^ 

left  dentary ;  cA,  ck,  ceratohyals ;  ik,  kk,  l^ypohyals;  bbt,  basibraodu- 
ostegal ;  pt,  pteryeoid ;  qu^  <|uadrate. 

8.  View  of  left  side  of  basibranchiostegal ;  a,  6,  c  show  the  positions  of  the 

plates  enlarged  in  the  next  three  figures.    This  figure  is  unfortunately 

placed  upside  down. 
8a.  Portion  of  one  of  the  plates  wiA  ridgea  and  groorei.  enlarged? 

diameters. 
8  b.  One  of  the  radiating  pitted  plates,  enlarged  10  diameters. 
Be.  A  small  portion  of  another  pitted  plate,  with  minute  teeth  m  «te,  o^ 

larged  45  diameters. 

9.  Right  and  left  maxilhe  and  pnemaxilbe  seen  from  below,  the  two  adet 

in  their  natural  relaticm  to  each  other. 

10.  Side  view  of  fire  dorsal  Tertebrte,  showing  the  bases  of  the  neonl 
arches,  the  lateral  depressions,  and  the  enlarged  heads  of  the  ribs. 

11.  The  third  Tertebra  of^flg.  10,  seen  from  behiml. 

12.  Section  through  another  dorsal  Tertebra,  seen  from  aboTe :  «  and  jN 
anterior  and  posterior  ooncaritiee;  id,  lateral  depremona. 


Portheus  Daviesiij  n.  sp. 

Fig.  13.  Outer  surface  of  upper  jaw  &c. :  nur,  maxilla,  the  hinder  part  broken; 
art,  suriace  of  uifljalla  for  articulation  with  praomaxilla ;  v,  Tertebra ; 
p.eff  postclaTicle  or  rentral  spine. 
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lehthyodeetei  minor ,  Egerton. 

Fig.  14.  Outer  suHSftoe  of  left  ramus  of  mandiUe.    This  is  the  left  ramus  of  the 

rsimen  figured  by  Dixon  in  his  *  Geoloffy  of  Sussex/  pi.  32*.  fig.  9 : 
,  dentary;  art^   articular  ^the  artiomar  surface  for  the  condyle 
of  the  quadrate  is  immediately  Wow  the  letters  art). 

IchthfodecUs  eleffans,  n.  sp. 

Fig.  15.  Inner  surface  of  dentary  bone  of  left  ramus  of  mandible.    Natural  sin. 
The  teeth  hare  been  drawn  from  the  counterpart  of  the  specimen. 
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26.  Remarks  on  the  Coal-bbabino  Deposits  near  Ebbeu  {the  awtci^nt 
Hbraclea  PoNTicAy  Bithtvia).  By  Rear- Admiral  T.  Sp&att, 
C.B.,  F.R.S.,  F.G.8.,  &o.    (Read  May  23,  1877.) 

Towards  the  end  of  March  1854,  after  the  combined  fleets  of  England 
and  France  had  entered  the  Black  Sea,  as  coal  was  known  to  be  pro- 
cured by  the  Turkish  Government  from  the  south  coast,  near  Ei^ckli 
(the  ancient  Heraclea),  I  was  ordered  to  proceed  there,  and  examine 
and  report  upon  its  quality  and  fitness  for  the  use  of  war-steamers  ; 
for  although  two  or  three  cargoes  of  the  coal  were  seen  at  Con- 
stantinople by  some  naval  engineers,  the  quality  appeared  to  be  so 
inferior  as  coal  (from  being  so  mixed  with  slate  and  rubbish),  that  a 
general  opinion  prevailed  that  it  was  only  a  better  quality  of  lignite 
than  that  procured  from  the  Tertiary  deposits  of  the  Sea  of  Marmoi:^ 
and  the  Archipelago. 

It  was  therefore  of  first  importance  to  ascertain  the  age  of  tlxe 
Erekli  coal-beds,  as  well  as  the  quantity  that  could  be  procured  from 
them  with  sufficient  economy  and  of  sufficiently  good  quality  for  Uie 
use  of  our  war-ships  for  steaming  at  high  speeds. 

I  could  obtain  no  fragment  of  a  fossil  from  the  coal  at  Ck>nstanti- 
nople  that  I  examined,  nor  any  information  regarding  the  deposits 
associated  with  them  ;  for,  although  M.  Tcbihatcheff  had  shown 
that  rocks  of  the  Devonian  age  existed,  no  mention  was  made  of 
these  coal-deposits  or  of  any  Carboniferous  strata  in  the  neighbour- 
hood, in  his  valuable  work  on  Asia  Minor,  published  in  1853.  I 
now  find,  however,  that  M.  Schlehan  had,  in  the  '  Zeitschrift  der 
deutschen  geologischen  Gesellschaft '  for  1852,  given  a  full  description 
of  some  patches  of  Carboniferous  deposits  that  had  recently  been 
examined  by  him  near  Amasny,  and  from  which  he  gives  a  list  of 
seven  genera  of  Carboniferous  plants. 

I  also  find  that  M.  Tcbihatcheff,  in  his  description  of  Asia  Mino 
published  in  1867,  has  noticed  M.  Schleban's  account  of  these  Car- 
boniferous strata  at  Amasny,  and  has  also  given  a  list  of  fossils  sent 
him  by  Mr.  Barkley  from  the  coal-beds  at  Kosloo,  as  he  had  not 
been  able  to  visit  the  district. 

Leaving  Constantinople  in  H.M.  ship  *  Spitfire,'  then  under  my 
command,  on  the  evening  of  March  27th,  I  passed  Erekli  the 
following  morning,  and  proceeded  at  once,  as  the  weather  was 
favourable,  to  the  bay  and  valley  of  Kosloo,  about  thirty  miles  further 
to  the  eastward,  where  the  coal  was  being  worked  for  the  Turkish 
Government  under  the  direction  of  an  English  engineer,  Mr.  John 
Barkley. 

Steaming  thus  along  this  open  coast  between  Erekli  and  Kosloo,  I 
saw  that  a  succession  of  narrow  valleys,  confined  between  narrow 
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and  steep  ridges  from  500  to  1500  feet  high,  ran  north  and  sootii 
at  right  ang^les  to  the  ooast,  up  to  a  curving  ridge  of  limestone  l^t 
seemed  to  be  3000  feet  or  more  in  height,  and  distant  from  four  or 
five  to  ten  or  twelve  miles. 

Extensive  forests  and  underwood  covered  the  larger  portion  of 
these  ridgres  and  valleys,  especially  towards  the  interior ;  whilst  near 
the  coast  the  valleys  were  less  wooded,  and  were  in  parts  cultivated; 
but  the  cultivation  was  very  sparse. 

The  position  of  Kosloo  was  recognized  hy  the  few  houses  forming 
the  settLement  that  stood  near  the  shore  of  the  little  hay,  as  well  as 
by  the  heap  of  coal,  about  9000  tons,  accumulated  near  it  ready  for 
shipment  ^when  the  anchorage  in  the  bay  was  considered  safe  for  the 
coast- crafb  that  removed  the  coal  to*  Erekli  (as  the  local  d^pdt) 
hefore  transhipment  for  Constantinople, — the  favourable  season 
for  this  not  commencing,  in  general,  before  the  middle  or  end  of 
May. 

I  anchored  in  the  little  bay  of  Kosloo  about  noon,  at  about  a 
qoiuter  of  a  mile  from  the  shore,  and  was  immediately  joined  by 
Mr.  Barkley,  who  I  found  had  been  in  charge  of  the  district,  as  its 
Manager,  for  the  last  three  years.  With  him  there  were  four  English- 
men as  foremen  of  the  miners,  who  were  chiefly  natives,  Sclavonians 
and  Hungarians.  But  during  this  time  Mr.  Barkley's  English 
colony  of  artificers,  first  introduced  by  him,  had  suffered  greatly 
from  the  malignant  fever  that  prevailed  in  the  autumn  months  all 
through  the  district,  as  usual  throughout  Asia  Minor — several  having 
died,  and  others  having  been  obliged  to  return  home. 

Having  completed  arrangements  for  the  immediate  shipment  of 
about  100  tons  of  the  screened  coal,  so  as  to  fairly  test  its  steam- 
generating  properties  on  my  return  voyage  to  Constantinople,  I 
landed  with  Mr.  Barkley  and  proceeded  up  the  valley  with  him  to 
examine  some  of  the  mines  or  seams  that  were  being  worked  by 
him ;  for,  as  the  seams  were  seen  cropping  out  on  the  sides  of  the 
valley  between  the  associated  shales  and  schists,  they  were  worked 
by  simple  horizontal  drifts  or  slightly  inclined  tunnellings  into  the 
hiU,  as  far  as  the  seams  were  thus  traceable. 

From  the  beach  I  found  a  tramway  leading  up  the  valley  for  a 
distance  of  nearly  two  miles,  with  branches  to  the  different  drifts  or 
mines  then  being  worked. 

During  the  remainder  of  this  and  the  following  day  I  examined 
the  different  seams  worked  under  Mr.  Barkley,  and  entered  three 
or  four  mines  or  drifts  that  were  then  being  so  worked,  as  also 
one  or  two  that  had  already  been  worked  out  in  consequence  of 
faults  (or  "troubles  "  as  they  are  technically  termed)  that  cut  off  the 
continuance  of  the  seam,  and  left  no  indication  whether  it  was  the 
result  of  a  downcast  or  otherwise. 

These  drifts  extended  from  about  100  to  nearly  400  yards  only 
into  the  hill ;  for  the  district  was  so  disturbed  by  faults  and  displace- 
ments, which  occurred  at  every  200  or  300  yards,  that  several  had 
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already  been  worked  as  fSar  as  practicable,  and  few  exfcoided  a 
greater  distance  before  a  fault  was  met  with ;  and  as  the  seans 
corresponded  on  both  sides  of  the  valley  the  same  difficultieB  f^ 
occun^  in  respect  to  the  frequency  of  faults  in  both.  One  of  them, 
on  the  west  side,  that  had  been  so  worked  out,  Mr.  BaiMej  informed 
me,  was  found  to  be  bent  both  downwards  and  upwards,  as  well 
as  being  partly  horizontal  in  the  central  portion,  somewhat  in  this 
form: — 


ShAle.  ^^       I 


On  the  west  side  of  the  valley  the  coal-seams  were  not  so  plainly 
seen  cropping  out  at  the  surface,  nor  so  numerous  as  in  the  eastern 
ridge,  where  there  were  no  less  than  eleven  or  twelve  seams  thus 
existing,  of  varying  thickness  and  quality. 

The  extent  in  which  this  number  of  beds  or  seams  occur  on  the 
east  side  of  the  valley  is  about  two  miles ;  the  seams  being  inter- 
stratified  with  shales,  sandstones,  and  conglomerates  of  quartz- 
pebbles,  with  thin  bands  of  clay  occasionally,  and  also  witii  thin 
bands  of  ironstone,  the  whole  comprising  a  considerable  thickness 
of  these  Coal-measures.     See  following  sketch  section : — 


Sketch  Section  of  the  Coal-bearing  deposits  near  Erekli, 
(Length  about  2  miles.) 

Conglomerate*. 


Ak  4'I0^ 

8 

4'10* 

Soft. 

Bat 

coal. 

ft.     6        3    18  8  Shale  8  18    8        4^  4*10^      8        4*10*    8  6    7      9    < 

Soft 


The  following  are  the  details  of  one  of  the  seams  now  being  wo^ed 
in  the  upper  part  of  the  valley  : — 
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r 


Thin  band  with  fo—il  planti. 


22  inches. 


7  inohet.   « 


J4  incfaM. 


6  iaohea. 


Coal,  of  food  qiiabV> 


Shale. 


Coal-teun,  Tery  good. 


Shale. 


36  inches. 


2  inches. 


Uncertain. 


Coal-seam,  good. 


Clay. 


Shales  and  sandstones. 


From  this  seam  I  was  so  fortunate  as  to  procure  a  few  fragments 
of  fossil  plants  that  seemed  to  be  unmistakably  of  the  true  Coal- 
measures  ;  and  thus  the  important  difference  between  them  and  the 
lignites  of  the  Levant  was  at  once  evident  to  me.  In  the  roof  of 
this  mine  I  observed  an  impression  of  what  appeared  to  be  an 
almost  circular  leaf,  that  measured  nearly  4  feet  in  diameter. 

Mr.  Barkley  informed  me  that  in  one  of  the  mines  trunks  of 
trees  had  also  been  found  in  situ,  the  diameter  of  which  never  ex- 
ceeded about  one  foot, — the  outer  part  of  these  trunks  being  con- 
verted into  pure  coal,  whilst  the  interior  or  core  was  composed  of 
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pure  shale,  thus  indicating  their  hollow  or  soft  pithj  heart,  l&e 
laige  tree  ferns  &o. 

The  remains  of  plants  were,  however,  rare.  I  was  fortunate  in 
finding  some  fragments  amongst  the  heaps  of  refuse  near  the  mtmik 
of  some  of  the  drifts ;  and  I  was  indebted  fer  some  aOtuttm  t»  Mr. 
Barkley,  who  kindly  gave  them  to  me  so  as  to  lead  t^ihe  true  identi* 
fication  of  the  age  of  this  singularly  iaoblid  ystcih  of  the  true  Coal- 
measures,  as  they  have  proved  to  ^  The  fossils  I  then  proomed 
are  now  for  the  first  tbae  exhibited ;  for,  although  they  were  sent 
to  England  to  my  lamented  friend  Edward  Forbes,  for  identification* 
at  the  same  time  as  my  report  was  sent  to  the  Admiralty,  bj  some 
mischance  the  box  containing  them  was  detained  in  some  Custom 
House  until  the  end  of  1854  or  beginning  of  1855,  and  only  reached 
him  shortly  before  his  removal  from  the  Museum  in  Jermyn  Street 
to  Edinburgh,  and  consequently  just  previous  to  his  death  ;  so  that 
only  an  extract  from  a  hasty  letter  to  him,  sent  at  the  same  tame,  has 
ever  been  published  in  reference  to  my  examination  of  these  Black- 
Sea  coal-beds.  This  appeared  soon  after  his  arrival  in  Edinboi^gfa,  in 
the  '  Edinb.  New  PhiL  Joum.,'  1855,  pp.  172,  173. 

The  fossils  themselves  have,  fortunately,  remained  at  the  Jermyn- 
Street  Museum  since  that  Ume;  and,  on  recently  inquiring  about 
them  through  the  General  Curator,  Mr.  Eeeks,  they  were  readily 
found.  A  Ust  of  them  has  been  kindly  made  by  Mr.  Etheridge 
to  accompany  these  long  delayed  remarks  upon  this  important  ooal- 
district ;  and  as  there  are  ten  genera  of  fossil  plants  amongst  them, 
they  will  more  fully  establish  the  age  of  tiiese  beds  than  has 
hitherto  been  done.  For,  although  a  brief  visit  was  made  to  Erekli 
and  to  the  Kosloo  Valley  (by  sea)  by  Mr.  Poole,  soon  after  tbs 
extract  fronL  my  letter  appeared  in  the  Edinburgh  Journal,  that 
gentleman  has  only  briefly  referred  to  the  existence  of  the  Coal- 
deposits,  without  giving  any  details. 

This  fact,  and  the  special  interest  that  has  recently  sprung  up 
in  reference  to  the  East,  has  induced  me  to  think  that  a  foll^ 
description  of  these  coal-bearing  deposits  and  of  the  district  in 
general,  such  as  my  notes  and  private  journal  enabled  me  to  give, 
were  now  desirable,  in  a  general  as  well  as  in  a  geological  point 
of  view. 

I  was  informed  by  Mr.  Barkley  that  the  coal-bearing  deposits 
extended  to  the  eastward  of  Eosloo  to  within  a  mile  of  Amasny,  and 
were  found  in  almost  every  intermediate  vaUey.  On  the  west  side  of 
Eosloo  Uiey  extend  to  within  three  or  four  miles  of  Erekli,  thus 
embracing  an  area  of  nearly  fifty  miles  east  and  west,  and  from 
three  to  ten  or  twelve  miles  north  and  south.  Their  northern  margin 
terminates  on  the  coast,  and  therefore  must  pass  under  this  part  of 
the  Black  Sea  for  an  unknown  and  probably  considerable  extent 
But  the  entire  area  is  characterized  by  great  disturbances  and  nume- 
rous faults. 

The  existence  of  these  coal  beds  was  first  brought  into  notice 
about  the  year  1838  or  1840 ;   but  they  were  not  systematicallj 
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worked  by  tbe  Turkish  Oovemment  untdl  five  or  six  years  before 
my  visit,  although  Croat  squatters  worked  at  some  of  the  best- 
developed  and  most  easily  worked  seams  near  the  coast,  for  some 
years  previous  to  this  time. 

The  following  are  the  names  of  localitiee  near  to  Eosloo  where 
coal  was  known  by  Mr.  Barkley  to  exist,  with  a  description  of  its 
quality : — 

Okoamu,  five  miles  from  Eosloo.  Sevaral  seams  exist  near  the 
Bommit  of  Ihe  mountains,  at  two  and  a  half  miles  from  the  coast, 
quality  both  good  and  bad,  and  are  being  worked  by  Croats. 

Yani  Arman,  Coal  obtained  from  the  hills  by  Croats,  but  the 
quality  indifferent. 

Do&mooz  Dereh,  Contains  a  seam  of  coal  8  feet  thick  and  of 
good  quality,  but  deteriorating  rapidly  by  exposure.  Was  being 
worked  by  Mr.  Barkley. 

ZungUdek.  Has  seven  or  eight  workable  seams  of  varving 
quality,  and  all  lying  at  various  inclinations.  Once  worked  by 
Croat  squatters,  but  now  abandoned  by  them,  from  the  difficulties 
encountered  in  consequence  of  being  so  disturbed,  and  of  their  want 
of  capital  to  meet  these  difficulties. 

Baluk  and  Uzulmas.  The  coal  in  this  valley  is  similar  to  that 
in  the  Zungledek.  One  seam  exists  at  two  miles  from  the  sea,  which 
is  12  feet  tibick  and  of  good  quality.  The  coal  at  Uzulmas  is  nine 
miles  from  the  coast. 

Feeling  it  necessary,  or  rather  desirable,  to  see  something  of  the 
ooal-beanng  deposits  in  the  neighbourhood,  I  started  on  the  morn- 
ing of  March  30th  with  Mr.  Barkley  to  ride  across  the  intervening 
district  between  Eosloo  and  Erekli,  where  I  ordered  my  ship  to 
meet  me,  the  distance  being  nearly  thirty  miles. 

A  short  delay  occurred  in  the  time  of  starting,  in  consequence  of 
an  explosion  of  gas  in  one  of  the  mines,  on  the  miners  first  entering 
it  soon  after  daylight,  by  which  three  native  miners  were  rather 
severely  burnt,  one  poor  fellow  especially  so,  in  the  face  and  neck. 
This  was  only  the  second  instance  of  the  kind  that  had  occurred 
since  Mr.  Barkley  had  been  in  charge  of  the  mine. 

In  reference  to  the  geology  of  the  district  crossed  in  our  ride 
to  Erekli,  I  feel  that,  from  the  distance  of  time  since  it  occurred, 
I  can  simply  give  a  few  extracts  from  my  private  journal,  without 
attempting  to  enlarge  or  enter  into  details.  Deep  drifts  of  snow 
lay  on  some  parts  of  the  route,  where  the  road  ascended  over  the 
higher  parts  of  the  ridges  crossed,  and  thus  hid  some  of  the  beds 
and  associated  shales  &c.  from  view  and  examination. 

After  ascending  for  half  an  hour  the  western  ridge  bounding  the 
Eosloo  vaUey,  where  a  mass  of  limestone  decidedly  overlies  the  coal- 
bearing  deposits,  we  reached  and  followed  the  backbone  of  a  ridge 
nearly  2000  feet  above  the  sea,  where  the  shales  and  schists  com- 
posing it  appeared  to  be  but  little  inclined  from  the  horizontal 
position,  but  whether  conformable  or  not  with  the  former  or  latter 
could  not  be  determined ;  and  after  crossing  two  valleys,  with  a 
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small  hamlet  in  eaoh,  we  descended  into  the  valley  of  Karditdi  it 
three  and  a  half  hoars  from  Koaloo. 

In  our  descent  on  the  east  side  of  it  we  came  upon  the  eoair 
bearing  beds,  dipping  to  the  S.W<  at  angles  of  40^  and  50^,  and  at 
about  three  miles  from  the  coast.  We  had  also  seen  coal-seams  ia 
the  other  valleys  we  had  crossed,  but  situated  nearer  the  setu 

To  the  southward  of  Earditch  masses  of  limestone  appeared  oq 
both  sides  of  the  vaUey,  with  the  coal-bearing  deposits,  apparraitlj 
dipping  under  them.  But  as  these  latter  deposits  were  iodined 
at  all  angles,  sometimes  the  relative  superposition  of  these  beds  was 
not  identifiable  without  a  more  perfect  examination.  Considerabk 
local  disturbances  seemed  to  exist  here,  as  the  result  of  praximats 
volcanic  action  ;  a  dyke  of  igneous  rock,  although  somewhat  resem- 
bling an  altered  shale,  seemed  to  form  the  crest  of  the  ridge  near 
the  village  of  Karditch,  and  dipped  at  an  angle  of  60^  and  upwards 
S.W.  and  8.S.W. 

To  the  westward  of  Earditch  we  crossed  several  valleys  leading 
to  the  coast,  in  which  coal  existed.  In  one  of  these,  near  the  vil- 
lage of  Aliagazzi,  there  were  two  seams,  now  being  worked  by 
Croat  squatters,  the  dip  of  one  of  which  seams  was  as  much  as  70^. 

At  another  valley  and  village  called  Amout-keui, there  was  a  seam 
of  good  coal,  between  8  and  10  feet  thick,  that  had  not  yet  been 
worked. 

In  all  these  valleys  and  intervening  ridges  I  found  that  the  Coal- 
seams  and  associated  shales,  &c.  represented  a  series  of  anticlinsDy 
and  synclinally  disposed  undulations  of  the  beds,  indicative  <^ 
great  lateral  as  well  as  local  pressure  and  disturbance,  the  anticlinal 
summits  of  these  flexures  having  been  considerably  denuded  of  the 
continuing  strata. 

The  view  to  the  southward,  over  these  parallel  ridges,  where 
attainable  on  our  route,  from  being  for  the  most  part  clothed  with 
dense  forests  of  oak,  beech,  and  wild  fruit-trees,  and  from  being 
devoid  of  any  conspicuous  peak  or  mountain  until  nearer  Erekli, 
resembled  the  broad  waves  of  the  ocean,  and  were  in  unexplored 
beauty — in  apparently  primeval  condition. 

In  this  part,  and  also  near  £rekli,  we  found  the  shales  over  which 
the  road  passed  much  decomposed  and  soft,  as  well  as  showing 
metamorphic  action  from  volcanic  influence,  the  focus  of  which 
seems  to  be  at  or  near  Erekli,  as  I  shall  show  by  a  brief  descrip- 
tion of  the  locality,  which  I  was  enabled  to  examine  during  the  two 
following  days,  before  my  return  to  Constantinople  ;  for  as  Erekli  wsi 
the  d^pot  to  which  the  coal  was  sent  fh>m  the  localities  at  which  it 
was  procured  along  the  coast,  chiefly  in  small  coasters,  for  tranship- 
ment to  Constantinople  in  vessels  of  larger  burden,  it  became  impor- 
tant that  my  Report  should  be  accompanied  by  a  survey  of  the  onlj 
secure  anchorage  near  the  Coal-bearing  district. 
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On  the  Geology  of  ErtJeli. 

The  Acropolis  and  part  of  the  town  walls  of  Heradea  stood  upon 
the  crest  and  slopes  of  a  bold  and  almost  isolated  hill  rising  from 
the  east  side  of  the  bay,  formed  by  the  promontory  of  land  to  the 
north- west  of  it,  now  called  Cape  Baba,  but  anciently  the  Achem- 
sian  Peninsula  by  Xenophon;  for  this  city  was  the  place  from 
^which  he  embarked  for  Greece,  with  his  army,  after  his  celebrated 
retreat. 

The  summit  of  this  hill  (Acropolis)  consists  of  a  capping  of  reddish 
indurated  shale,  a  few  feet  only  in  thickness,  and  overlying  stratified 
beds  of  tuffs,  greenstone,  volcanic  mud,  and  trachyte  conglome- 
rates, by  the  outburst  of  which  the  reddish  shales  were  evidently 
uplifted  and  altered  in  their  colour  and  character ;  but  Mr.  Poole 
calls  it  sandstone,  no  doubt  from  a  too  hasty  examination. 

A  portion  of  the  same  altered  shales,  or  rather  marls,  appears  also 
at  the  base  of  the  Acropolis,  near  the  shore,  on  its  west  side — like- 
wise to  the  north  and  eastward  of  it,  with  the  lavas  intermediate. 

A  valley  to  the  south  of  the  Acropolis,  in  which  is  a  large  part  of 
the  modem  town  of  Erekli,  separates  it  from  another  hill  over  the 
coast,  which  is  composed  of  whitish  and  grey  marls,  belonging,  no 
doubt,  to  the  same  group  as  the  indurated  stratum  capping  the 
Acropolis,  and  the  altered  marls  existing  at  its  base. 

These  white  and  grey  marls  dip  to  the  south-west  at  an  angle  of 
30°,  except  on  the  east  side  of  the  hill,  near  the  large  burying- 
ground  at  its  base,  where  they  are  nearly  vertical,  and  where  they 
are  much  discoloured  and  decomposed  through  contact  with  the 
trachyte  conglomerates  and  stratified  lavas  which  have  burst  out 
beneath  them. 

The  age  of  these  marls  I  was  not  able  to  ascertain,  as  the  only 
fossil  obtained  from  them  was  an  oyster,  too  friable,  however,  to  be 
preserved,  but  sufficient  to  show  that  they  were  of  marine  origin. 
From  the  form  of  the  oyster  I  was  disposed  to  consider  the  deposit 
to  be  of  Miocene,  or  perhaps  an  earlier  age. 

In  the  promontory  to  the  north  and  north-west  of  Erekli  the 
volcanic  productions  of  tuffs,  trachytes,  and  basaltic  conglomerates 
prevailed,  having  in  some  parts  both  uplifted  and  also  overflowed 
the  marine  marls. 

It  is  perhaps  worth  noticing,  in  concluding  these  remarks  upon 
the  volcanic  character  of  the  locality,  that  the  ancients  must  evi- 
dently have  recognized  the  plutonio  or  igneous  origin  of  these  lava- 
beds,  notwithstanding  their  general  stratified  condition  ;  for  Xeno- 
phon states  that  a  cavern  was  shown  in  the  Acherusian  Peninsula 
that  led  to  the  gates  of  Hades,  and  from  which  Hercules  drew  forth 
Cerberus,  the  guardian  of  its  portals. 

8trabo  says  it  lay  to  the  north  of  the  town,  and  was  two  stadia 
deep ;  but  I  could  hear  of  no  such  cavern  in  the  neighbourhood. 
Yet  it  is  possible  that  some  traces  of  an  extinct  crater  or  volcanic 
vent  may  exist  here,  where,  as  I  have  shown,  lavas  and  beds  of 
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Discussion. 

ERiDGK  stated  that  the  fossils  and  rocks  were  undoubtedly 

I  rboniferous  age,  and  from  our  ordinary  experience  would 

d  as  rather  low  down  in  the  series.     He  noticed  the  species 

which  occurred  among  Admiral  Spratfs  specimens,  and 

:^ecially  on  the  presence  of  Stigmaria  ficoides.    He  also 

to  the  existence  among  them  of  what  appeared  to  be  a 

>t   Olosscpteris^  and  said  that  although  this  genus  of  ferns 

.  regarded  as  peculiarly  Jurassic  in  Western  Europe,  it  had 

covered  in  what  appeared  to  be  true  Carboniferous  deposits 

^nsland   by  Mr.   Daintree,  and  hence  its  occurrence  in  a 

X>OBitioxi  in  this  intermediate  locality  was  particularly  in- 
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27.  Note  an  the  Oocttrbencb  of  the  REMAjnrs  of  Sy^nabciob  i»  tki 
Bed  Cra.0  of  Suffolk.  By  Wiluulk  Bsstrt  Floweb^  Eaq^ 
F.E.S.,  F.G^.,  Hunterian  Professor  and  Conaenrator  of  the 
Museam  at  the  Boyal  College  of  Surgeons.     (Bead  Jtum  6, 

'  1877.) 

Lf  the  rich  collection  of  Bed-Crag  fossils  gathered  together  dnring 
the  course  of  many  years  in  the  neighbourhood  of  Waldringfield  by 
the  Bev.  H.  Canham,  now  through  the  joint  liberality  of  Sir  Biehard 
Wallace  and  Mr.  Canham  located  in  the  Ipswich  Museum,  is  a  Terr 
perfect  mammalian  tooth,  which  has  been  placed  in  my  hands  for 
identification.  It  proves  to  be  the  right  upper  first  true  molar  of 
an  animal  of  the  genus  Hyasnarctos  of  Falconer  &  (Viutloy. 

In  the  Quarterly  Journal  of  the  Geological  Society,  voL  xxiiiL 
No.  129  (Feb.  1,  1877),  at  p.  133,  it  is  recorded  that,  at  the  meet- 
ing of  the  Society  held  on  November  22,  1876,  "  Mr.  Charlesworth 
stated  that  he  had  obtained  from  the  Crag  a  tooth  which  had  been 
pronounced  by  Mr.  W.  Davies,  of  the  British  Museum,  to  come 
nearest  to  that  of  ffyamarctos  among  known  Mammalia.''  Hie 
tooth  referred  to  by  Mr.  Charlesworth  is  now  in  the  collection  of 
Mr.  William  Beed,  M.B.C.S.,  of  York,  who  has  obligingly  sent  it  to 
me  for  exhibition  to  the  Society.  It  is  the  corresponding  upper 
molar  of  the  opposite  side,  and  so  like  that  of  Mr.  Canham's  col- 
lection that,  except  for  being  perfectly  unworn,  it  might  almost 
have  belonged  to  the  same  individual. 

Tooth  o/Hycenarctos  from  the  Red  Crag  (in  Mr.  Canham's  CoIUeHon), 
a.  b. 


a.  Upper  surface.  The  dotted  line  represents  the  outline  of  the  complete  to^*^ 
in  Mr.  Beed's  collection,    b.  From  the  side. 

The  tooth  first  mentioned  is  in  very  fair  preservation,  being  only 
slightly  worn  at  the  prominent  apices  of  the  cusps.  It  has  no 
matrix  adhering  to  it,  and  is  less  rolled  and  waterwom  than  many 
of  the  teeth  from  the  Crag,  having  a  considerable  proportion  of  each 
of  the  three  roots  remaining;  whereas  these,  being  composed  of 
softer  tissues  than  the  enamel-coated  crown,  are  generally  absentM 
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as  in  Mr.  Beed's  speoimen.  On  the  other  hand,  oonBiderable  por- 
tions  of  the  enamel  have  been  chipped  off  from  the  inner  edge  of 
the  crown,  while  in  the  latter,  which  was  derived  from  a  younger 
anima],  the  crown  is  absolutely  perfect. 

HaYing^  compared  Mr.  Ganham's  tooth  with  the  corresponding 
one  of  the  original  specimen  of  ffycmarctos  iivalensis,  Ealc.  &  Cautl.^ 
from  the  Sewalik  Hills,  now  in  t^e  British  Museum,  I  can  detect  no 
appreciable  difference— certainly  none  which^would  warrant,  in  the 
abeenoe  of  other  evidence,  the  imposition  of  a  new  specific  name. 
The  dimensions  are  identical ;  and  so  are  the  general  contours  of  the 
margins,  and  the  form  and  position  of  the  cusps.  At  first  sight  a 
considerable  difference  is  apparent  in  the  outline  of  the  inner  edge, 
as  seen  i^hen  looking  down  on  the  grinding-surface ;  but  this  arises 
from  the  defective  condition  of  the  enamel  noticed  above,  portions 
both  of  the  anterior  and  posterior  angles  of  the  inner  border  having 
been  lost,  and  giving  the  appearance  of  an  angular  rather  than 
straight  inner  margin.  The  Sewalik  animal  was  older,  and  the 
tooth  more  worn,  which  may  account  for  the  absence,  or,  at  all 
events,  less  distinct  evidence  of  the  fine  striation  of  the  surface  of 
the  enamel,  in  lines  converging  to  the  apices  of  the  cusps,  which  is 
beautifully  seen  in  both  the  Crag  teeth. 

The  Sewalik  specimen  was  first  described  by  Cautley  and  Pal- 
ooner,  in  the  'Asiatic  Researches,'  voL  xix.  p.  193  (1836),  under 
the  name  of  Ursus  sivalensis ;  and  it  is  certainly  very  closely  allied 
to  the  tme  bears,  though  in  its  dentition  somewhat  less  specialized 
than  the  modem  representatives  of  the  group.     It  has  no  particular 
affinity  with  Hycma,  as  the  name  by  which  it  is  now  generally 
known  might  be  supposed  to  indicate.     In  an  unpublished  plate  of 
the  '  Fauna  Antiqua  Sivalensis,'  executed  about  1848,  the  species  is 
designated  Ursus  (subgenus  ffycmarctos)  sivalensis  *  ;  and  the  same 
name  must  have  been  used  by  Falconer  and  Cautley  before  that 
date,  as  it  is  quoted  in  Owen's  'Odontography,'  p.   603  (1846), 
although  in  1842  Br.  Falconer  objected  to  BlainviUe's  proposed  re- 
moval of  the  animal  from  the  genus  Ursusf.     In  1837  Wagner  gave 
the  name  of  Agriotherium,  and  in  1841  Blainville  both  Amphiaretos 
and  Sivalardos,  to  Ursus  sivaUnsis  ;  so  that,  strictly  speaking,  all  of 
these  names  have  the  priority  to  Falconer's ;  but,  as  Gervais  remarks, 
"  toutefois  le  mot  Uyamaretos  a  prevalu."     It  is  adopted  in  Pictef  s 
'Traits  de  Pal^ntologie,'  vol.  i.  p.  18. 

Bemains  of  an  animal  of  the  same  genus  have  been  found  in  the 
Pliocene  marine  sands  of  Montpellier,  and  described  and  figured  by 
Gervais  +  under  the  name  of  Bycenarctos  insignisy  though  the  specific 
distinctions  between  them  and  those  from  the  Sewalik  HiUs  are  not 
"very  striking.  As  I  foimd  by  direct  comparison  in  the  Paris  Museiun, 
the  first  true  molar  differs  from  the  Crag  teeth  in  having  the  two 
inner  cusps  more  distinctly  separated,  instead  of  constituting  an 

*  C.  MnrchiBon,  in  Falconer's  *Palaeontological  Memoirs,*  vol.  i.  p.  829. 

t  Bee  *  PaljBont.  Mem.'  vol.  i.  p.  328. 

)  'PaUontologie  et  Zoologie  Fran9aise,'  2ud.  edit  (1859). 
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almost  undivided  antero-posterior  ridge,  as  Uiey  do  in  the  litter 
and  apparently  in  the  Sewalik  animaL  A  smaller  species  {H,  hemi- 
e^on)  has  been  found  at  Sansans,  Gers,  and  a  single  tooth  in  a  bed, 
like  the  last-named,  referred  to  Miocene  age,  at  Alcoy,  in  Spain ^. 
According  to  Mr.  Lydekkert  a  nearly  perfect  mandiUe  oi  My<r^' 
arcUa  sivaletiM  has  recently  been  disooYered  by  Mr.  Theobald,  and 
will  be  figured  in  the  ^  Falasontologia  Indica.' 

Discussion. 

Dr.  MuRiE  remarked  upon  the  interest  attaching  to  the  vide 
distribution  of  this  animal,  and  inquired  whether  Prof.  Plower 
agreed  with  Prof.  Gerrais  in  adopting  the  name  of  Bycenarcios. 

The  President  remarked  that  the  fact  of  the  extension  of  the 
genus  Hifomarctos  into  Spain  had  already  been  brought  before  the 
Society  by  a  Spanish  geologist.  The  question  of  the  age  of  the 
remains  of  Hyctnarctos  in  Asia  and  Europe  was  one  of  great  inter- 
est. If  the  family  had  a  great  range  and  the  genus  also  (and  great 
horizontal  concurs  with  great  vertical  range),  then  probably  Hy<B' 
narctoB  had  a  very  long  geological  life,  and  may  have  surviTed  the 
great  changes  which  attended  the  upheaval  of  the  Sewalik  Hills. 


*  See  Ckrrais,  op.  cit. 

t  '  BeoordB  of  the  Geological  Suirey  of  India.*    No.  1  (1877),  p.  83, 
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28.  Obsbbvatioks  an  Eemains  of  the  MAiiMOiH  and  other  Max- 
UAusfrom  NoBTHEBN  Spain.  By  A.  Leith  Adams,  M.B.,  F.R.S., 
F.G.S.,  Professor  of  Zoology,  Royal  College  of  Science,  Dublin. 
(Read  January  24, 1877.) 

My  friend  Mr.  O'Reilly,  Professor  of  Mineralogy  to  the  Royal  Col- 
lege of  Science,  Dublin,  has  kindly  permitted  me  to  examine  a  col- 
lection of  fossil  remains  made  by  himself  and  Professor  Sullivan,  of 
Queen's  College,  Cork,  when  engaged  in  surveying  the  mineralogy 
and  geology  of  the  province  of  Santander. 

The  conditions  under  which  the  remains  were  found  are  fully  de- 
tailed in  the  able  reports  of  those  gentlemen,  published  in  the  4th 
volume  of  the  ^  Atlantis,' and  reprinted  in  a  separate  volume  entitled 
'  Notes  on  the  Geology  and  Mineralogy  of  the  Spanish  Provinces  of 
Santander  and  Madrid.' 

It  appears  that,  during  the  sinking  of  a  shaft  in  search  of  calamine 
in  limestone  underlying  the  dolomite  of  the  valley  of  Udias,  the  work- 
men, at  about  12  metres  from  the  surface,  suddenly  broke  into  a 
cavern  of  considerable  dimensions.  At  the  north  end  of  the  cavity 
was  a  mound  of  soil  which  had  fallen  down  a  funnel  blocked  up  at 
the  time  of  the  discovery  by  surfacensoil  and  debris.  Close  to  this 
mound  were  found  many  bones  of  mammals  and  birds.  The  remains 
were  either  partially  or  entirely  buried  in  calamine,  which  covered 
the  floor  and  formed  an  enormous  bed  of  variable  thickness.  It 
appears,  therefore,  not  only  from  the  large  funnel,  which  was  evi- 
dently the  original  opening,  but  also  from  the  remains,  that  the 
cavern  was  an  enlarged  joint  or  rock-fissure,  into  which  the  entire 
carcasses  or  else  the  live  animals  had  been  precipitated  from  time  to 
time. 

The  following,  I  am  informed,  does  not  represent  the  entire  pro- 
duce of  the  cave  (or,  as  it  is  named,  the  Dolores  Mine).  The  authors 
refer  further  to  a  long  curved  tooth,  oval  in  transverse  section,  pos- 
sibly the  canine  of  Hippopotamus, 

This  identification  of  remains  of  the  Mammoth  in  Spain  is,  as  far 
as  I  know,  the  first  authenticated  instance  of  the  kind,  and  therefore 
important  in  relation  to  the  southern  distribution  of  the  species; 
for  although  the  elephant-remains  found  in  many  parts  of  Europe 
have  been  referred  to  the  latter,  it  is  well  known  that  teeth  of  Ele- 
P^<i8  antiquus,  El^hds  meridionalis,  and  the  so-called  Elephas  ar- 
^/ft^iacus  have  been  coDfounded  with  molars  of  the  Mammoth. 
Moreover  the  asserted  presence  of  remains  of  Mephas  africamis  in 
Heistocene  deposits  *  near  Madrid  is  another  highly  important  in- 
cident in  connexion  with  Spain,  whilst  Mr.  Smith,  of  Jordan  Hill, 
discovered  a  molar  of  Elephas  antlqum  at  Gibraltar  t. 

♦  Lartet,  Atti  deli'  Acad,  di  Scienz.  torn.  vii.  p.  223. 
t  Falconer  k  Busk,  Palieont.  Mem.  toL  ii.  p.  557. 
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The  following  remains  belonging  to  Professor  O'Reillj's  adkctian 
I  have  been  enabled  to  identify. 

Elephas  PKnnGENnrs. 

1.  A  portion  of  a  mandible  containing  the  sockets  of  two  molazs 
on  either  side.  The  descending  ramus  and  coronoid  process,  widi 
the  diasteme  and  portions  of  the  alreoli,  are  deficient.  The  jaw  is 
evidently  that  of  a  young  elephant,  and  probably  belonged  to  the 
owner  of  the  following  molars.  It  has  the  round  oval  chin  of  the 
Mammoth. 

There  are  a  few  laminations  of  tusks,  but  of  no  use  for  descxiptiTv 
purposes. 

2.  A  right  upper  first  true  molar,  about  half- worn.  It  is  entire 
excepting  the  loss  of  the  tips  of  the  fangs.  There  is  a  broad  pres- 
sure-mark, or  hollow,  of  the  advancing  tooth  behind.  The  crown 
holds  12  plates  and  2  talons  in  a  length  of  5  inches.  The  maadmom 
breadth  of  crown  is  2*3  inches. 

The  enamel  of  the  plates  is  thicker  than  usually  observed  in 
Arctic  specimens,  and  in  that  respect  is  more  like  mammoths'  teeth 
from  the  brick-earth  of  the  Thames  valley.  There  is,  moreover,  a 
greater  roughening  of  the  outer  surface  of  the  enamel,  which  on  the 
worn  disk  produces  a  faint  ciimping  not  generally  observed  in 
northern  specimens;  otherwise  the  tooth  is  undistinguishable  from 
the  same  molar  of  the  mammoth. 

3.  Two  fragments  of  germ  molars : — 

a.  A  frtigment  of  an  upper  tooth,  holding  8-9  posterior  ridges, 
including  a  broad,  flat,  digitated  talon.  The  plates  are  of  precisely 
the  same  character  as  in  the  preceding  tooth,  but  longer  and 
broader. 

h.  Three  plates  and  posterior  talon  of  a  sinplar  tooth  to  a,  and 
most  probably  the  fellow  of  the  opposite  maxilla.  These  two  frag- 
ments are  probably  portions  of  the  second  or  successional  molars 
of  the  same  individusd  as  the  owner  of  the  first  true  molar  and  the 
above  mandible. 

4.  a.  A  left  os  innominatum  of  a  yoimg  elephant,  the  unions  of  the 
three  elements  being  unankylosed.  There  is  a  loss  of  only  a  portion  of 
the  posterior  aspect  of  the  ilium  and  distal  extremities  of  the  ischium 
and  pubis.  The  contour  of  the  thyroid  foramen  is  nearly  entire,  show- 
ing the  narrow  upper  portion  which  characterizes  this  opening  in  the 
Mammoth  and  Asiatic  elephant  as  compared  with  that  o(E,  africanut. 
The  obturator  notch  is  also  broader  than  in  the  latter.  The  bone 
has  altogether  the  character  of  the  same  part  of  the  Mammoth. 
The  acetabulum  is  16  centimetres  in  diameter  by  8  centimetres  in 
depth. 

h.  Fragment  of  the  ischium,  right  side,  probably  of  the  same  indi- 
vidual as  the  owner  of  a. 

6.  a.  Portion  of  a  left  femur  two  feet  in  length  extending  frx)m  be- 
hind the  great  trochanter  to  the  condyles.  The  bone  has  the  slen- 
der character  of  the  thigh-bone  of  the  Mammoth,  agreeing,moreover, 
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with  it  in  the  longer  neck  and  wider  interspace  between  the 
condyles  as  compared  with  the  African  elephant.  The  former 
character  is  shown  in  a  drawing  taken  by  Mr.  O'Reilly  on  the 
spot  where  the  remains  were  discovered,  and  from  other  femora  from 
the  same  cavern  and  not  now  in  his  possession ;  they  are  of  the 
left  side,  and  represent  a  youthful  and  a  full-grown  elephant 

6.  A  fi-agment  of  about  a  foot  of  the  distal  extremity  of  a  right 
femar,  including  condyles,  and  of  possibly  the  same  individual  as 
that  of  the  first-named  fragment. 

6.  A  portion  of  a  right  radius,  showing  about  6  inches  of  the 
proximal  extremity.  Evidently,  from  the  round  and  smooth  shaft, 
it  belonged  to  an  adolescent  individual. 


Bos  FRUfieSNIUS  ? 

1.  Fragments  of  large  horn-cores  of  different  individuals. 
2-  A  right  ramus,  without  teeth.     Length  18  inches. 

3.  A  right  scapula,  showing  glenoid  cavity,  a  fragment  of  the 
spine,  and  the  greater  portion  of  the  body.  The  glenoid  cavity  is 
2*8  inches  by  2*2  inches. 

4.  The  proximal  half  of  a  radius  and  ulna,  right  side.  The 
breadth  of  the  articular  surface  of  the  former  is  4  inches. 

5.  Several  dorsal  and  lumbar  vertebrse  of  an  individual  about  the 
same  dimensions  as  the  owner  of  the  preceding  bones. 

6.  a.  An  entire  left  femur,  recently  broken.  Length  19  inches ; 
width  of  head  3  inches.  Antero-posterior  diameter  of  distal  extre- 
mity 6"6  inches.     Smallest  diameter  of  the  shaft  2-1  inches. 

6.  A  lower  half  of  a  right  femur  of  evidently  the  same  animal, 

7.  Entire  right  and  left  tibiae.     Length  16-5  inches. 

These  bovine  remains  appear  for  the  most  part  to  have  belonged 
to  one  individual;  and,  as  in  the  case  of  the  elephant,  bones  of  young 
and  immature  individuals  predominated,  from  which  it  might  be  in- 
ferred that  from  inexperience  they  would  have  been  more  likely  than 
the  adult  animal  to  fall  into  gaping  rents. 

CkRVUS  BLAPHT78? 

1.  Fragments  of  beam,  brow-antlers,  and  snags  of  a  large  stag,  of 
about  the  dimensions  of  a  full-grown  horn  of  red-deer. 

2.  Humerus  of  right  side,  with  loss  of  the  proximal  and  distal 
epiphyses,  youthful. 

3.  Fragments  of  ribs. 

4.  Dorsal  and  lumbar  vertebra?,  with  entire  sacrum. 

5.  Nearly  entire  ossa  innominata. 

6.  Right  and  left  entire  femora,  each  12  indies  in  length. 

7.  Left  tibia  entire,  13*5  inches  in  length. 

These  cervine  remains  agree  with  the  same  bones  of  Cerviis  ela- 
phu$,  and  very  probably  in  great  part  belonged  to  one  individoal. 
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DlSCTBSION. 

Mr.  Wabdtotok  W.  Smtth  referred  to  a  visit  which  he  had  paid 
some  years  ago  to  the  part  of  Spain  referred  to  in  the  paper,  and 
described  the  carious  diaracters  of  the  rocks,  and  the  occnrrence  in 
them  of  extraordinary  caverns  of  great  depth. 

Mr.  EvAKS  inquired  how  near  to  the  spot  in  question  remains  of 
EUphas  primigenuu  had  been  found  in  the  south  of  France.  He 
also  inquired  whether  the  small  curved  tooth  might  not  be  the  tusk 
of  a  little  Elephant. 

The  AiTTHOB,  in  reply,  stated  that  the  Mammoth  had  occurred  in 
France  near  Lyons,  where  Dr.  Falconer  had  identified  teeth  in  the 
museum.  In  Western  Europe  the  species  had  not  previously  been 
met  with  south  of  the  Pyrenees.  Some  of  the  bones  were  in  red 
soil;  one  femur  was  incrusted  with  calamine.  The  small  tooth 
was  of  a  form  which  seemed  to  show  that  it  was  the  canine  of  a 
Hippopotamus ;  and  there  was  no  reason  why  it  should  not  be  so. 
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29.  On  Matttsaubus  Gabdnbri  (Seeley),  an  Elabhosauria^  from  the 
Babe  of  the  Gault  at  Foudestonb.  By  Habby  Govieb  Seelet, 
Esq.,  F.L.S.,  F.G.8.,  &c.,  Professor  of  Geography  in  Eing's  Col- 
lege, London.    (Bead  February  7, 1877.) 

[Plate  XXIIL] 

The  Gault  hitherto  has  yielded  but  scanty  remains  of  animals  re- 
ferable to  the  Beptilia  and  to  the  Palasosauria ;  so  that  more  than 
ordinary  interest  attaches  to  the  discovery,  in  a  comparatively  per- 
fect condition,  of  remains  belonging  to  a  genus  found  hitherto  only 
in  New  Zealand,  which  majr  be  regarded  as  distinctive  of  the  de- 
posit.    The  remains  of  this  Plesiosaurian  were  first  found,  rolled 
and  abraded,  at  the  foot  of  the  diflfe;  much  of  the  caudal  region  of  the 
animal  may  therefore  have  disappeared  by  attrition,  and  by  the 
gradual  decay  of  the  bones  as  exposed  in  the  day,  which  has  partly 
invested    them    with    selenite.      These  bones   were   sent  by   Mr. 
Griffith,  the  well-known  Folkestone  fossil-collector,  to  J.  S.  Gardner, 
Esq.,  F.G.8.,  who  traced  them  tx)  their  place  in  the  Cliff,  about 
15  or  16  feet  from  the  base  of  the  Gault,  and  undertook  excavations 
which  have  resulted  in  the  discovery  of  a  tooth,  of  the  vertebrae  of 
the  neck  and  back,  the  principal  bones  of  the  limbs,  and  portions 
of  the  pectoral  arch.     The  head,  the  tail,  the  pelvic  bones,  and 
the  smaller  bones  of  the  limbs,  together  with  most  of  the  ribs,  have 
not  been  found ;  and  it  is  possible  that  some  of  these  parts  of  the 
skeleton  may  have  become  severed  before  the  specimen  was  covered 
Bp  in  the  deposit,  Mr.  Gardner  having  used  all  possible  efforts  to  dis- 
cover the  missing  remains.     The  neural  arches  appear  to  have  been 
united  to  the  centrums;  and  several  vertebrse  were  extracted  by 
Mr,  Gardner  with  the  neural  arches  entire ;  but,  from  the  brittle 
condition  of  the  fossils,  it  was  not  found  easy  to  preserve  the  specimens 
IB  an  unbroken  condition. 

There  is  necessarily  some  uncertainty  about  the  exact  generic 
determination  of  this  Plesiosaurian ;  for  the  bones  which  might 
have  cleared  away  all  doubt  are  not  well  preserved.  It  is  probable 
that  it  may  be  referable  to  Mauisaurus,  which  was  about  as  large ; 
Wid  I  have  referred  it  to  that  genus,  partly  because  it  is  a  Cretaceous 
fossil,  and  partly  because  in  vertebral  characters  and  form  of  limb- 
bones  it  approximates  closely  to  that  genus  ;  while  what  remains  of 
the  pectoral  arch  does  not  sanction  its  location  in  Elasmosaurus, 

Ehsmomurus  platyunts  is  regarded  by  Professor  Cope  as  having 
I^B  46  feet  long,  one  half  of  which  length  was  formed  by  the  neck, 
in  which  69  vertebrae  are  preserved,  and  from  which  3  more  are 
■apposed  to  be  lost.  The  dorsal  region  is  supposed  to  have  oon- 
t*hied  24  vertebrse,  of  which  14  are  preserved,  while  in  the  tail 
wiere  are  supposed  to  have  been  51  vertebrse,  of  which  21  are  pre- 
*etv©d,  giving  a  total  of  147  vertebra'.     Mr.  Gardner's  fossil  gives 
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no  indication  of  this  enormous  number  of  yertebrse  or  lengtii  of 
neok ;  but  the  vertebne  are  quite  as  lai^,  and  are  larger  than  in 
any  British  long-neoked  Flesiosaurian  hiUierto  described. 

Thk  Tooth.    (PI.  XXHI.  fig.  1.) 

The  tooth  is  perfect,  and  measures  1|  inch  in  length.  The  crown 
is  I  inch  long ;  it  is  curved  inward  and  backward,  and  is  flattened 
somewhat  on  its  external  aspect  The  crown  terminates  in  a  point, 
and  is  marked  with  fine  dose-set  parallel  striations  rather  finer  t^an 
is  common  among  Plesiosaurs.  The  fang  continues  to  expand  for  half 
its  length,  and  then  contracts  somewhat  towards  the  base,  so  that  the 
convex  anterior  outline  of  the  tooth  is  an  arc  of  a  smaller  circle  than 
the  concave  posterior  border.  It  is  difficalt  to  estimate  the  sise  of  the 
head  from  a  tooth ;  but  it  probably  did  not  exceed  a  foot  in  length. 

The  Yebtbbral  Coloot. 

The  earliest  vertebra  preserved  is  an  early  cervical  with  the 
neural  arch  and  cervical  ribs  ankylosed  to  the  centrum.  These 
short  ribs  give  a  subtriangular  appearance  to  the  articular  surface, 
which  is  modified  a  little  by  the  hiteral  widening  of  the  neural  arch. 
The  antero-posterior  length  of  the  centrum  is  1-A^  inch  ;  the  depth 
of  the  centrum  is  1 J  indb ;  and  its  breadth  on  tne  anterior  face  is 
If  inch.  The  articular  face  is  flattened,  moderately  concave,  and 
most  compressed  from  front  to  back  at  the  base  of  the  neural  ardi. 
The  base  of  the  centrum  is  marked  with  an  elevated  median  ridge. 
The  short  ribs  are  given  off  from  the  inferior  lateral  comers  of  Uie 
centrum,  and,  as  usual,  are  directed  outward,  backward,  and  down- 
ward. The  neural  canal  is  large  and  vertically  ovate ;  the  neural 
arch  is  constricted  from  side  to  side  at  the  base  of  the  neural  canal ; 
it  has  a  subquadrate  aspect  as  preserved,  but  is  too  imperfect  for 
description.  I  am  aware  of  no  data  on  which  to  determine  the 
number  of  vertebne  which  were  anterior  to  this  one,  or  which  inter- 
vened between  it  and  the  next  preserved.    . 

The  second  of  the  series  has  the  centrum  nearly  3  inches  long, 
with  the  articular  ends  flattened  and  slightly  concave,  and  the 
margins  of  those  surfaces  slightly  rounded.  The  centrum  has  an 
elongated  constricted  appearance,  and  has  the  compressed,  elongated, 
elevated,  articular  area  for  the  cervical  rib  at  the  base  of  the  lateral 
aspect ;  but  the  specimen  is  too  badly  preserved  to  admit  of 
measurement. 

Many  vertebrae  are  missing  between  the  second  and  the  next  pre- 
served ;  for  although  the  third  is  only  3^  inches  long,  it  has  nearly 
twice  the  transverse  diameter  of  the  second.  The  articular  faces, 
still  a  little  concave,  are  transversely  ovate,  about  3|  inches  wide, 
with  the  centrum  2 j  inches  deep  in  front  and  deeper  behind.  The 
edges  of  the  articular  margin  are  slightly  bevelled.  The  base  of  the 
centrum  has  a  strong  median  ridge,  which  becomes  broader  towards 
each  articular  surface.  On  each  side  of  the  base,  between  this  ridge 
and  the  rib,  is  a  large  impressed  crescentic  area,  llie  transverse  width 
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of  the  heae  of  the  oentrom  external  to  the  ribs  is  2^  inches.  The  bases 
of  the  ribs  are  strong,  elevated,  and  directed  chiefly  downward.  The 
sides  of  the  centrum  are  smooth,  concave  from  front  to  back,  and 
moderately  convex  from  above  downward,  and  extend  vertically  for 
1  inch  above  the  ribs ;  the  neural  arch  is  confluent  with  the  cen- 
truiiL,  and  unites  with  it  by  a  large  compressed  squamose  baso,  which 
fits  into  an  impressed  concave  area. 

The  fonrth  specimen  is  d|  inches  long ;  and  the  whole  centrum  is 

someiBvhat  larger,  with  flatter  articular  faces  and  deeper  excavations 

on  the  base  of  the  centrum.    The  fifth,  a  trifle  longer,  shows  the  neural 

canal  as  a  deep  channel,  concave  from  firont  to  back,  and  at  least  an 

inch  wide.      The  articulation  for  the  rib  is  nearer  towards  the 

anterior  margin  of  the  centrum,  where  the  process  is  thicker  than 

posteriorly  ;  as  fractured  it  is  1^  inch  long.     The  seventh  centrum 

is  4  inches  deep  and  about  |  inch  wider ;  so  that  the  articular  face 

has  become  more  circular.     This  surface  is  much  flatter,  but  now 

has  a  shallow  central  concavity  an  inch  in  diameter.     The  centrum 

is  4^  inches  long ;  its  basal  excavations  are  more  elongated,  and  the 

upper  part  of  the  centrum  is  more  compressed.     The  eighth  centrum 

is  larger  in  the  articular  faces.     The  neurapophyses  are  remarkably 

extended  from  front  to  back,  and  greatly  compressed,  each  being 

less  than   ^inch  thick.     On  the  base,  separated  by  the  rounded 

median  ridge,  are  two  large  oval  nutritive  foramina  about  |  inch 

apart.     The  bases  of  the  ribs  grow  stronger  and  are  ^  inch  in  depth. 

The  tenth  centrum  is  4|  inches  long,  with  the  articular  face  as  deep 

and  5^  inches  wide,  though  the  width  over  the  articulations  for  the 

ribs  is  somewhat  less.     In  the  eleventh  the  base  for  the  rib  has 

become  more  ovate  and  larger,  and  the  base  of  the  neural  canal  has 

increased  with  the  size   of  the  vertebra,  the  neural    arch  being 

2  inches  wide  externally  behind. 

The  thirteenth  vertebra  has  the  neural  arch  well  preserved  (PI. 
XXIII.  fig.  2).     The  centrum  is  4  inches  in  antero-posterior  length. 
Its  anterior  face  is  5|  inches  wide  and  about  4  j  inches  deep.     It  has 
a  central  depression  2  inches  broad,  margined  by  an  elevated  rounded 
rim,  between  which  and  the  circumference  is  a  second  concave  area 
in  the  form  of  a  ring,  but  less  deep.     The  posterior  articulation  is  6 
inches  broad  and  4^  inches  deep  ;  it  has  the  transversely  oval  central 
area  shallow,  but  without  the  elevated  rim.  The  base  of  the  centrum 
is  4 1  inches  long ;  it  is  convex  from  side  to  side,  with  an  obtuse  median 
ridge.      The   distance  between  the  articulations  for   the   ribs    is 
S|  inches.     The  articular  surface  for  the  rib  is  subcircular,  1 1  inch 
deep,  and  nearly  1 J  inch  from  front  to  back ;  this  area  is  |  inch  from 
the  posterior  margin  and  more  than  IJ  inch  from  the  anterior 
margin  of  the  centrum.    The  lateral  area  above  the  articulation  for 
the  rib  is  flattened,  concave  frem  side  to  side,  and  scarcely  concave 
in  depth.     And  the  neural  arch  rises  steadily  from  the  side  of  the 
centrum  without  any  break  to  a  height  of  10  J  inches,  being  im- 
perfect superiorly.     The  neural  arch  is  much  compressed  from  side 
to  side.      The   posterior   zygapophyses  hang  entirely  behind  the 
posterior  articular  face  of  the  centrum ;  they  are  close  together,  being 
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•eparated  by  a  vertical  alit  The  processes  are  imperfect ;  ms  pre- 
served each  is  1}  inch  long  and  toUj  |^inch  wide.  Theoe  o^dei^ 
facets  look  downward  and  slightly  outward.  The  neorapophyses 
are  greatly  compressed  from  side  to  side.  The  neural  spine  is  more 
oompressed  in  front  than  behind,  the  base  of  its  posterior  margin  is 
pandlel  to  the  posterior  face  of  the  centrom ;  it  hangs  backward, 
and  measures  in  the  upper  part  |  inch  in  width.  The  external 
width  of  the  neural  arch  in  its  middle  is  1|  inch. 

Fourteenth  to  seventeenth — as  the  articular  tubercle  fcr  the  rib 
begins  to  ascend  the  side  of  the  centrum  the  tubercle  becomes  a  little 
prolonged  and  is  rounded.   The  eighteenth  vertebra  (PL  XXIH.  fig. 
3)  has  the  base  of  the  neural  arch  preserved ;  its  compress^  anterior 
margin  is  nearly  flush  with  the  anterior  face  of  the  centrum,  but  as  it 
ascends  it  extends  forward.     The  face  of  the  centrum  is  6^  incdies 
wide.     The  articular  facets  for  the  ribs  are  nearly  on  the  middle  of 
the  sides  of  the  centrum ;  and  the  base  accordingly  becomes  more 
rounded  from  side  to  side,  and  is  nearly  flat  from  front  to  badi:. 
The  tubercle  for  the  rib  now  steadily  ascends  the  side  of  the  centrum, 
leaving  the  base  perfectly  rounded.     The  nineteentli  has  the  o^itmm 
4  inches  long  at  the  base  and  3 J  inches  long  superiorly  (PL  XXILL 
fig.  4).  The  articular  surface  b  more  than  usually  flattened,  6  inclies 
broad,  and  4J  inches  deep.     The  transverse  process  was  deep  and 
narrow,  placed  posteriorly,  and  formed  mainly  by  a  downward  and 
backward  prolongation  of  the  neural  arch.     This  shows  that  the  true 
neck  is  ended,  the  vertebra  belonging  to  the  two  or  three  which  form 
a  transition  between  the  cervical  and  dorsal  series,  whidi  are  con- 
veniently named  pectoral.     The  twentieth  and  twenty-first  show 
similar  characters ;  only  the  transverse  process  increases  in  size  and 
depth,  and  rises  higher. 

Several  of  the  dorsal  vertebrsD  are  so  similar  that  one  may  be  taken 
as  a  type  (PL  XXIIl.  &g.  5).  It  is  well  preserved,  except  that  the 
neural  spine  is  broken  away.  The  centrum  measures  4^  inches  in 
length  along  the  visceral  surface  from  back  to  front ;  but  in  the  line 
of  the  neural  canal  it  only  measures  a  little  over  3  inches.  Under  the 
neural  canal  the  articular  face  is  5  J  inches  deep,  and  as  preserved  is  5  J 
inches  wide  in  the  middle.  The  vascular  perforations  on  the  base  of 
the  centrum  are  1|  inch  apart;  the  bone  between  them  is  remarkably 
convex.  Below  the  neural  arch  the  sides  of  the  centrum  converge 
greatly,  measuring  less  than  3  inches  transversely.  The  arch  shows 
the  vertically  ovate  neural  canal ;  the  base  of  the  neural  spine  is 
narrow,  compressed,  and  directed  backward;  and  the  broken  trans- 
verse processes  are  directed  outward  and  upward.  The  height 
from  the  base  of  the  centrum  to  the  shoulder  of  the  transverse  process 
is  7|  inches.  The  transverse  processes  are  compressed  from  front  to 
back,  about  2  inches  deep  at  their  origin,  and  1  inch  wide ;  they  are 
twisted  so  that  the  superior  margin  is  inclined  forward  and  the 
inferior  margin  inclined  backward.  The  whole  neural  arch  is  a 
good  deal  compressed  from  back  to  front.  The  later  dorsal  vertebne 
are  slightly  shorter,  and  the  articular  face  of  the  centrum  becomes 
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rather  smaller,  llie  nutritive  foramina  become  small  circular 
pitB  rather  farther  apart.  In  all  aboat  40  vertebrso  have  been 
collected,  of  which  abont  14  are  dorsal. 

So  far  as  can  be  judged  from  the  size  of  the  vertebraB,  this  species 
was  rather  larger  than  the  Elasmosaurus  platyurus  of  Prof.  Cope, 
and  is  therefore  the  largest  long-necked  member  of  the  order  Ple- 
siosanria  which  has  been  discovered. 

Since  different  writers  have  different  methods  of  fixing  the  limits 
of  the  several  r^ons  of  the  vertebral  column,  which  results  in  an 
undesirable  confusion  of  characters  of  the  species  described,  I  venture 
to  offer  the  following  diagram  as  a  convenient  guide  to  uniformity 
.  in  this  particular,  and  as  representing  the  characters  of  the  divisions 
of  the  vertebral  column  which  I  have  described  in  this  and  other 

Dicufram  of  the  Divisions  of  the  Vertebral  Column  in  Plesiosaurs, 


Cenricftl. 


Cand&l. 


Cheirron  bones. 
The  corred  line  of  Eonall  arches  shows  the  position  of  the  articulation  for 
tiie  rib  in  the  several  regions  of  the  body. 

Plesiosauria,  in  so  far  as  they  depend  upon  the  position  of  the 
articulation  for  the  rib  upon  the  centrum,  or  upon  the  neural 
arch. 

Hany  of  the  dorsal  ribs  of  Mauisuurus  Oardneri  have  a  strong 
lateral  crest  at  the  proximal  end,  which  makes  the  bone  sub- 
triangular  in  section.  The  fragments  have  a  considerable  curve ;  but 
none  are  sufficiently  perfect  for  description. 

Hie  bones  of  the  pectoral  arch  are  unfortunately  imperfect.  A 
fragment  of  a  coracoid  is  13  inches  long,  and  10  inches  wide, 
as  preserved;  it  does  not  show  generic  characters.  The  bones 
met  in  the  median  line  anteriorly,  as  usual,  but  appear  to  have 
diverged  posteriorly.  Some  fragments  of  scapula  (?)  appear  to  be  not 
unlike  the  scapula  of  Murcenosaurus,  but  are  imperfectly  preserved. 
Dr.  Hector  mentioned  to  me  that  he  thought  it  possible  for  the  scapulsB 
of  Mauisaurus  to  have  been  convergent  forward,  and  that  they  may 
Tiot  have  been  directed  outward  as  in  his  figure  (Trans.  New- 
Zeal.  Inst.  vol.  vi.  1874,  pi.  xxix.). 

The  humeri  and  femora  have  both  been  found.  From  the  great  size 
of  the  neck- vertebrae,  and  the  decrease  in  size  of  the  dorsal  vertebrae, 
as  they  approach  the  sacral  region,  I  am  disposed  to  conclude  that 
the  humeri  were  larger  than  the  femora.  The  humerus  is  13  inches 
long  and  imperfect  proximally.  Midway  between  the  proximal  and 
distal  ends  tiie  transverse  width  of  the  shaft  is  7  inches.  At  about 
4  inches  firom  the  proximal  end  the  shaft  is  3|  inches  thick ;  but 
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distally  it  becomes  compressed  and  is  apparently  to  some  extent 
crashed  from  above  downward,  though  an  uncompressed  fragment 
is  3  inches  in  thickness.  The  internal  aspect  is  concave  in  loigdi, 
and  the  external  aspect  convex.  Both  lateral  margins  appear  to 
have  been  moderately  concave  ;  but  the  anterior  margin  is  imperfect 
distally;  if  preserved  it  would  probably  have  made  the  bona 
9}  inches  wide.  The  distal  articular  margin  for  the  bones  of  the 
forearm  is  nearly  straight ;  and  the  surface  for  the  radius  does  not 
make  an  angle  with  the  surface  for  the  ulna.  The  bone  was  un- 
usually massive,  and  relatively  to  the  vertebrss  is  much  longer  and 
broader  than  in  Dr.  Hector's  Mauisaurus  Uaastii. 

The  femur  is  imperfect  at  both  ends.  The  fragment  preserred  is 
13  inches  long.  The  proximal  end  of  the  bone  is  nearly  cylindrical 
and  about  4  inches  in  diameter.  The  anterior  margin  of  the  bone 
is  very  slightly  concave,  so  as  to  be  nearly  straight ;  the  posterior 
outline  is  deeply  concave. 

The  phalanges  appear  to  have  been  compressed  from  above  down- 
wards and  unusually  long.  Only  one  has  been  found  (PL  XXIII. 
fig.  6)  imperfectly  preserved  ;  it  is  about  4 J  inches  long,  IJ  inch 
wide  where  most  constricted  in  the  middle,  and  was  probably  2  inches 
wide  at  the  extremities. 

In  the  lower  dorsal  region  of  the  animal  about  a  peck  of  ovate 
and  rounded  pebbles  occurred,  varying  in  size  from  a  diameter  of  a 
quarter  of  an  inch  to  a  length  of  nearly  two  inches.  They  are 
chiefly  of  opaque  milky  quartz.  Several  are  of  black  metamorphosed 
slate,  and  a  few  of  altered  fine-grained  sandstone  and  homstone, 
some  of  the  pebbles  showing  a  veined  character,  such  as  might  be 
derived  from  the  neighbouring  Palaeozoic  rocks  of  the  Xorth  of 
France,  Pebbles  being  of  such  rare  occurrence  in  the  Gault,  it 
would  seem  natural  to  account  for  these  associated  stones  on  the 
hypothesis  that  they  were  swallowed  by  the  animal  with  food,  as  is 
the  case  with  certain  living  reptiles  and  birds.  If  this  view  should 
be  held  admissible,  it  would  suggest  that  as  the  teeth  were  too  small 
for  any  thing  but  prehension,  a  structure  analogous  to  a  gizzard,  or 
the  stomach  of  an  edentate,  may  have  used  these  pebbles  to  assist  in 
breaking  up  or  crushing  the  food  on  which  this  Saurian  lived. 


EXPLANATION  OP  PLATE  XXHI. 

Bones  of  Mauisauriu  Gardneri  from  the  Ghtult  of  Folkettone. 

The  figures  of  the  vertebras  are  half  the  natural  sixe. 

Fig.  1.  Prehensile  tooth,  of  the  plesiosaurian  type,  a,  crown ;  &,  fang.  Nat  siie- 

2.  Middle  cervical  vertebhk,  side  view. 

3.  Late  cerrical  vertebra,  with  the  pedicle  {t)  for  the  ribs  rising  abote  the 

sides  of  the  centrum. 

4.  Pectoral  vertebra  with  the  pedicle  for  the  rib  formed  portly  bj  the 

centrum  and  partly  by  the  neural  arch. 

5.  Dorsal  yertebra,  showing  the  broken  transrerse  processes  {t\  and  bsie 

of  the  neural  spine,    in  the  British  Museum. 

6.  Phalange,  imperfect ;  natural  size. 
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DiscrssioK. 

Mr.  Ghrrir  Jbffbets,  with  reference  to  the  habits  of  the  Walrus, 
stated,  on  the  authority  of  Prof.  Torell,  that  it  feeds  on  the  Mya 
truncata^  a  mollusk  which  lies  buried  in  gravelly  mud.  In  order 
to  get  this  mollusk,  it  has  to  grub  up  the  mud  with  its  tusks,  and 
takes  up  the  mud  and  pebbles  along  with  the  Mya  into  its  mouth. 

Mr.  J.  S.  Gabdnbb  said  he  regretted  that  all  the  vertebrse  of 
the  Sanrian  had  not  been  brought  for  exhibition,  as  the  smallest  of 
the  cervical  vertebr®  would  have  shown  mpre  plainly  the  great  dis- 
proportion existing  between  them  and  the  vertebr®  of  the  trunk, 
and  thus  have  given  a  better  idea  of  the  great  length  of  the  neck. 
He  remarked  that  the  bonee,  when  in  situ,  were  very  fragmentary, 
and  some  had  oysters  adhering  to  them,  showing  that  they  had  been 
long  exposed  before  fossilization.  He  stated  that  pebbles  were 
exceedingly  rare  in  the  Gault,  and  suggested  that  the  reptile  may 
have  been  stranded,  and  that  the  pebbles  became  entangled  in  its 
carcass. 

Mr.   J.  W.  HuLKE  believed,  with  the  author,  that  the  remains 
indicated  a  new  species  of  larger  size  than  any  previously  found  in 
this  conntry.     In  the  long,  tapering  neck,  the  lateral  position  of  the 
articular  head  of  the  limb-bones,  and  the  form  and  structure  of  the 
cervical  ribs,  he  noticed  resemblances  to   the   large  Eimmeridge 
PUsiosaurus  (P.  Mansdli)  which  he  brought  under  the  notice  of  the 
Society  several  years  ago,  and  which  he  thought  would  fall  into 
Prof.  Seele/s  subgenus  Murcmosaurus.    "With  regard  to  the  pebbles, 
he  suggested  that  the  animal  may  not  have  swallowed  them  as  an 
aid  to  the  comminution  of  food  in  its  stomach,  but  that  they  were 
introduced  in  the  stomachs  of  fish  which  it  had  swallowed.     The 
flesh  and,  subsequently,  the  bones  of  these  would  be  digested  and 
absorbed,  whilst  the    indigestible  stones,  if  the  stomach  of   the 
PUsiosaurvs  was  like  that  of  Crocodiles,  would  be  unable  to  pass 
through  the  small  pyloric  opening  into  the  intestine,  and  must  per- 
manently remain  in  the  stomach. 
The  Author  briefly  replied. 
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30.  On     the    Agassizian     Genera     Ambltptbbts,     pAXJBOjnscn^ 
Gtbolepis,    and   PreoprxBUS.      £y  Eajcsat   H.     Traqcaib,! 
ILD.,    F.R.8.E.,   F.G.8.,    Keeper    of    tii©     Natarml-Hirt«7 ' 
Collection  in  the  Edinburgh  Mnseum  of  Bdenee   and  Ait 
(Read  May  9,  1877.) 

What  is  an  ArnJblypterus  ?  What  is  a  PaUBcnUeus  ?  Sow  do 
we  disting^h  them?  What  special  reasons  have  've  for 
referring  any  of  onr  smaller  Carboniferons  fishes  to  the  one  itr  the 
other  genns  ?  These  are  questions  to  which,  I  te%i,  few  ooUecatoci 
of  Carboniferons  fossils  oonld  ofier  very  definite  answers,  and  for  the 
very  good  reason  that  the  definitions  of  these  two  genera,  whieh 
are  fonnd  in  the  works  usually  consulted  by  pakeontologista,  are^  it 
must  be  owned,  of  a  somewhat  unsatisfactory  nature. 

OyroUpis  and  Pygopierus  also  are  terms  frequently  met 
with  in  lists  of  fossils  from  British  Carboniferous  localities.  Bat 
by  what  characters  do  we  distinguish  QyroUpU  as  a  genus  ?  Or 
what  are  the  special  marks  which  justify  us  in  assuming  any  of  oar 
larger  Carboniferous  Paheoniscidse  to  be  generically  identical  with  tht 
PygopUri  of  the  Magnesian  Limestone  and  Kupferschiefer  ?  Here, 
again,  we  shall  find  our  subject  enveloped  in  an  obscurity  which  can 
only  be  dispelled  by  fresh  and  careful  original  observation  in  a 
field  which,  since  the  days  of  the  illustrious  Agassiz,  has  been  com- 
paratively little  trodden. 

The  present  communication  embodies  the  results  of  my  own 
recent  investigations  into  these  subjects,  though  there  is  ro<mi  and 
need  for  much  additional  inquiry,  as  is  self-evident  from  the  nature 
of  the  remains  with  which  we  have  to  deal. 

AiiBLTPTERus  and  Palaokiscts. 

The  definition  of  Amhlypterus  given  by  Agassiz  in  his  "  TaUeau 
sjmoptique  "  is  as  follows  : — 

"  Toutes  les  nageoires  tres-larges  et  composes  de  nombreox 
rayons,  P.  tr^-grandes ;  A.  large ;  D.  opposee  k  Tintervalle  entre 
les  V.  et  TA. ;  point  de  petits  rayons  sur  le  bord  des  nageoires, 
excepte  au  lobe  sup<$rieur  de  la  queue.     Eoailles  m^ocres  "  •. 

Of  PaUeonUcuSy  on  the  other  hand  : — 

"  Toutes  les  nageoires  mediocres,  de  petits  rayons  sur  leurs  bords ; 
D.  opposee  4  Tespace  entre  les  V.-  et  TA.  Ecaillos  mediocres; 
quelques  especes  en  ont  d'assez  grandes,  et  le  corps  plus  large  et 
plus  court  que  les  autres.  II  y  a  toujours  de  grosses  ^cailles  impaires 
en  avant  de  la  D.  et  de  FA  "  f. 

Both  genera  are  elsewhere  stated  to  have  the  teeth  "  en  brosse 
extr^mement  fine  "  or  "  en  brosse  "  J.    The  statement  as  to  the 

•  PoiBgons  Fossilefl,  toI.  ii  pt.  1,  p.  3.  t  Ibid.  p.  4. 

X  Ibid.  p.  30,  p.  42  Ac 
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absence  of  fulcra  on  the  fins  of  ArMypterus^  save  on  the  caudal, 
was  corrected  a  few-  pages  further  on,  though  they  are  here  said  to 
be  ''  d  extraordinairement  petits  qu'on  pent  k  peine  les  entrevoir  k 
Toeil  nu  "  *.  Large  azygos  scales  in  front  of  the  median  fins  are 
also  declared  to  exist  in  Amblypterus ;  so  that  the  only  diJSer^ioes 
remaining  between  that  genus  and  Palceoniscus  are  the  large  size 
of  the  fins  and  the  minuteness  of  the  fulcra  in  the  former — 
differences,  indeed,  not  of  a  very  substantial  character,  as  will  be 
presently  shown. 

As  regards  the  structure  of  the  fins,  their  rays  were  believed  by 
Agassiz  to  be  covered  with  scales  in  some  species  of  Palceoniscus 
(P.  VoUzii^  BlainviUei)y  not  so  in  others  (P.  FreiesUbeni)^  and  in 
Amblypterus  t — a  difference  which,  if  it  did  really  exist,  would 
certainly  be  sufficient,  not  to  distinguish  Amblypterus  from 
Palceoniscus^  but  to  demand  the  separation  of  the  latter  into  two 
distinct  genera.  The  scaly  appearance  of  the  fins  in  some  so- 
called  Palceonisci,  however,  is  entirely  deceptive,  and  arises  solely 
from  the  form  and  arrangement  of  tho  minute  joints  of  the  rays 
themselves. 

In  the  works  of  most  other  authors,  such  as  Pictet,  Giebel,  and 
Quenstedt,  we  shall  likewise  fail  to  find  any  thing  satisfactory  as 
regards    the  discrimination    of  the  genera   in    question — though 
Goldfuss,  in  1847  +,  pointed  out  that  Amblypterus  macropterus,  Ag. 
(Bronn,  sp.),  possessed  largo  conical  teeth,  its  dentition  being,  there- 
fore, not  "  en  brosse,"  according  to  the  previously  received  definition 
of  the  genus.     A  similar  observation  has  also  been  more  recently 
made  by  Messrs.  Hancock  and  Atthey  in  the  case  of  Palceoniscus 
Egertonij  Ag.  §     Agassiz  himself  had  previously  described  the  teeth 
of  Amblypterus  punctatvis  as  being  "  en  cdnes  obtus."      The  only 
distinction  we  can  lay  hold  of  at  all  is  tho  large  size  of  the  fins  in 
Amblypterus  and  their  medium  size  in   Palceoniscus ;  but  in  this 
respect  the  greatest  differences  exist  in  the  large  assemblage  of 
species   which  have  been  referred  to  the  latter  genus.     And  as 
regards  this  point,  the  vagueness  of  Agassiz's  own  ideas  is  well 
illustrated  by  the  arbitrary  manner  in  which  he  distributed  certain 
British  Carboniferous  species  between  the  two  genera ;   for  the  fins 
of  his  Palceoniscus  stfiolatus  and  Bobisoni  are  proportionally  just  as 
large,  and  their  fulcra  just  as  minute  as  those  of  his  Amblypterus 
neuropterus,  and  one  of  the  two  species  which  he  included  under  the 
name  of  Amblypterus  punctatus ;  in  fact  the  resemblances  which 
those  fishes  bear  to  each  other  are  so  close  that  their  being  placed 
in  different  genera  is  simply  inadmissible. 

Only  by  Troschel  ||  was  a  bold  attempt  made  to  define  these 
genera  upon  strictly  zoological  principles,  though  only  with  partial 

*  Poiflsons  FosBilee,  toL  ii.  pt.  1,  p.  29. 
t  Ibid.  pp.  42, 43. 

t  Beitrage  zur  TorwelUichen  Fauna  dea  Steinkoblengebirges. 
§  Ann.  &  Mag.  Nat.  Hist.  (4)  vol.  i.  pp.  358,359. 

i  "  Beobachtungen    ilber  die  Fisohe  in  den  Eisennieren  des    Saarbnicker 
Steinkoblengcbirges."    Verb,  naturh.  Ver.  preuss.  Bheinl.  Ixiv.  1867,  pp.  1-18. 
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success.  He  showed,  however,  veiy  clearly  that  Agassix^s 
Amblypierus  contained  at  least  two  very  distinct  types  :-  _  . 
that  of  A»  maoropierus^  in  which  the  scales  are  striated,  and  the 
teeth  large  and  conical,  with  an  enter  row  of  smaUer  ones,  and  for 
which  he  proposed  the  new  generic  term  BhahdoUpis ;  second,  that 
of  A.  latus^  in  which  the  scales  are  smooth,  and  the  teeth  nunnta 
and  slender,  without  interspersed  laniaries ;  and  to  this  he  limitfri 
the  name  Amblypierus^  the  character  of  the  dentition  being  more  in 
accordance  with  the  original  definition  of  the  genns.  A^  Apanizii 
Miinster,  A,  striatuSf  Ag.,  and  A,  omatus^  Giebd,  he  considered  as 
probably  belonging  to  RhabdoUpis ;  while,  as  regards  A.  neuropi^rttt 
and  punctatus,  Ag.,  he  expressed  a  suspicion  that  they  might  perhaps 
appertain  to  new  and  peculiar  genera.  Palatal  teeth  were  found 
by  him  both  in  RhabdoUpis  and  Amblypterus  proper ;  and  tliis 
character  he  thought  might  possibly  serve  to  separate  AmbltfpteruM 
from  Pal^wniscus  on  the  supposition  that  they  are  absent  in  the 
latter.  The  following  summaries  of  characters  are  given  at  the  con- 
clusion of  his  paper ; — 

^^  RhabdoUpis^  Troschel.  Grosse  oonisohe  Zahne  in  einer  Keihe  in 
den  Kiefem;  hechelformige  Gaumenzahne;  Schuppen  massig  and 
gestreifb.     Flossen  gross. 

^*  Amblypterus^  Agass.,  Troschel.  Zahne  hechelfDrmige  in  den 
Kiefem ;  zahlreiche  Gaumenzahne.  Schuppen  massig  und  glatt. 
Flossen  gross  mit  kleinen  Fulcra. 

^^  Palceoniscus,  Agass.  Hechelformige  Zahne  in  den  Kiefem. 
Keine  Gaumenzahne?  Flossen  massig  mit  deutlichen  Fulcra. 
Schuppen  gestreift  oder  glatt." 

The  distinction  here  drawn  between  RhabdoUpis  and  Amblyptena 
cannot  be  gainsaid ;  but  as  regards  Palaoniscus  it  is  simply  impos- 
sible to  prove  the  absence  of  palatal  teeth  in  the  large  assemblage  of 
species  referred  to  that  genus,  if,  indeed,  in  any  of  them,  considering 
the  state  of  preservation  in  which  their  heads  usually  occur.  Other 
characters  must  then  be  sought  whereon  to  found  a  satisfactory 
diagnosis,  or  to  throw  light  on  the  question  which  naturally  arises 
as  to  whether  the  Agassizian  PaUeoniscus  may  not,  like  his 
Amblypterusy  include  more  than  one  generic  type.  Troschel,  indeed, 
concludes  his  paper  with  the  observation,  <*£s  ist  wahrscheinHch 
dass  nach  Analogic  mit  Aniblypterus^  auch  die  Gattung  PaUsoniscns 
in  zwei  Gattungen  gespalten  werden  muss,  jenachdem  die  Schuppen 
gestreift  oder  glatt  sind." 

Nevertheless,  in  a  recent  work  •,  Professor  J.  V.  Cams  has  again 
fused  together  Amblypterus  and  RhabdoUpis,  to  which  he  also  adds 
as  synonyms  Gh/roUpis,  Colobodus,  and  Tholodus.  His  definitions 
are  as  follows  : — 

"  Amblypterus^  Ag.  (ind.  GyroUpis^  Ag.,  Rhabdolqns^  Troschel, 
Colobodus,  Ag.,  Tholodusy  H.  von  Meyer).  Schwanz  kurz,Flossen  gross, 
vielstrahlig ;  unterer  Rand  des  Schwanzes  mit  doppelten  Fulcral- 
reihen.  Kohlenformation  bis  zur  Trias.  Arten  :  A.  macropUms, 
Ag.,  u.  a. 

*  Handbuoh  der  Zoologie,  Bd.  i.  2to  Halfte,  p.  591  (Leipng,  1875> 
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*'  FalcBaniscus,  Ag.  {PdlasothrUsum^  Blainy.).  Elossen  nur  mittelgross ; 
Strahlen  stark;  Kopf  gewohnlich  aufgetrieben ;  Euloren  wie 
AmblypUrus,  Kohle  bis  Trias.  Arten :  P,  Freieslebeni,  Ag.,  P. 
comptvsj  Ag.,  a.  a." 

Now,  if  by  "  Schwanz  "  is  meant  the  caudal  fin  with  its  prolonga- 
tioii  of  the  body  along  the  upper  lobe,  that  part  is  certainly  no 
shorter  in  the  Agassizian  Ambh/pteri  than  in  his  Palceonisci; 
nor,  generally  speaking,  is  the  head  more  ''  aufgetrieben  "  in  the 
one  than  in  the  other.  In  describing  the  Amblypierus  Agassizii  of 
Miinster,  Agassiz  himself  states  that  '*  la  m&choire  sup^rieure  forme 
une  sedllie  arrondie  au-dessus  de  la  machoire  inferieure,  saiUie  qui 
r^sulte  probablement,  comme  dans  les  Palofoniscus^  du  d^veloppe- 
ment  consid^able  de  rethmoide.  Jusqu'ici  j'avais  cm  ce  caract^re 
exdusiyement  propre  aux  Paicwniscus^  n'ayant  vu  que  peu  d*6x- 
emplairos  du  genre  Amblypierus  dont  la  t^te  fut  assez  bien  con- 
serve ponr  ne  me  laisser  aucun  doute  sur  sa  forme"  •.  Differences 
of  dentition  being  altogether  ignored,  we  are  thus  thrown  back  on 
the  size  of  the  fins  and  the  number  of  their  rays,  the  unsatisfactory 
nature  of  which,  as  diagnostic  marks,  I  have  already  alluded  to;  in 
fact,  if  other  characters  are  not  to  be  taken  into  account,  it  may 
become  a  very  delicate  matter  to  decide  as  to  whether  a  given  smaU 
heterocercal  fish  has  fins  large  enough  for  an  Amblypierus  or  small 
enough  for  a  PalcBoniscus ! 

Zoologists,  however,  will  hardly  be  prepared  to  accept  the  ideas 
of  generic  comprehensiveness  expressed  in  the  reunion  of  Ehabdo- 
lepts  with  Amblypierus,  any  more  than  the  location  by  Prof.  Garns 
of  the  Palseoniscoid  fishes  (with  the  exception  of  Cheirolepis)  among 
the  Lepidotini  as  a  mere  "  subfamily ; "  for  if  Rhabdolepis  be  not 
generically  distinct  from  Amblypierus^  neither  is  PalcB(mtscus,  nor 
AcroUpisy  nor  Elonichikys^  and  in  fact,  to  be  consistent,  nearly  the 
whole  of  the  PalseoniscidsB  would  have  to  be  merged  in  one  huge 
genus.  But  if,  on  the  other  hand,  we  are  to  deal  (according  to  our 
information)  with  extinct  as  with  living  forms,  then  the  line  of 
investigation  begun  by  Sir  Philip  Egerton  and  by  Troschel  must  be 
continued,  the  generic  characters  of  Amblypierus  and  Palceoniscus 
reinvestigated  and  more  accurately  defined,  their  species  redis- 
tributed, and,  if  need  be,  new  genera  instituted  for  those  which 
<^not  be  included  in  the  one  or  the  other,  according  to  the  concep- 
tion of  a  "  genus  "  current  among  modem  zoologists. 

The  results  to  which  I  have  arrived,  after  a  careful  study  of  a 
^ery  large  number  of  specimens  of  PalaBoniscidce,  both  British  and 
foreign,  seem  to  me  certainly  to  require  still  further  modifications 
of  the  prevalent  ideas  respecting  the  characters  and  limits  of  the 
genera  in  question,  as  well  as  those  regarding  the  extent  of  their 
stratigraphical  disibution. 


*  Poiseons  Foesilee,  toL  ii.  pt.  1,  pp.  105-106. 
Q.J.aS.  No.  131.  2o 
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AiaiLTPTERUB. 

The  species  referred  to  Amblypierus  in  the  ^  Poissons  Fcwakt'' 
oertainly  fall  into  at  least  five  distinct  types : — 

I.  Type  of  A.  latus^  Ag.  (Grenus  AmbltfpteruSj  Ag.,  reslsricted).  The 
body  is  rather  deep ;  the  scales  smooth ;  the  fins  large  and  many^ 
rayed,  with  minnte  fulcra ;  the  dorsal  placed  a  little  farther  hack 
than  in  the  next  type  ;  the  caudal  powerftd.  The  suspensoriom  is 
not  so  oblique  as  in  the  Pal»oni8cid»  in  general ;  hence  the  poaitiGA 
of  the  operculum  is  more  vertical,  and  the  gape  proportionally  Im 
extensive.  There  is  no  small  plate  (suboperculum)  intercalated 
between  the  operculum  and  the  interoperculum.  The  teeth  are 
minute  and  very  slender;  there  are  no  large  conical  laniariea; 
hence  the  term  '^  en  brosse "  is  here  more  applicable  than  in  any 
other  genus  of  Palssoniscidfle. 

To  this  type  the  title  AmhlypteroM  should  be  strictly  limited  as 
recommended  by  Troechel ;  but  I  must  also  add  that  I  ani  nnable  to 
see  any  tangible  grounds  of  distinction  between  the^  forms  and  the 
smooth-scaled  P(dtxonisci  of  the  type  of  P.  Duvemayi^  whose  recep- 
tion into  the  genus  AmbiypUrus  is  therefore  to  be  reconunendad. 
To  this  point  I  shall,  however,  return  further  on  under  PaZcc<miMeu». 
A.  Jatus  and  lateralis  are  characteristic  fossils  of  the  Lower  PermiaD 
strata  of  Saarbriicken  and  Lebach ;  and  the  other  species,  which  I 
propose  to  unite  with  them  generically,  also  occur  in  strata  of 
similar  age  in  Germany,  Bohemia,  and  France  ;  so  that  AnMypterug 
must  be  deleted  from  Uie  list  of  Carboniferous  genera,  in  Kpite  of  the 
length  of  time  during  which  geologists  have  been  accustomed  to 
look  upon  it  as  one  of  the  characteristic  forms  of  the  Coal-period. 

IT.  Type  of  A,  macropteruSy  Ag.  (Genus  BhahdolepU^  Troschd). 
The  scales  are  moderate,  finely  striated  ;  the  fins  large,  many-rayed, 
with  minute  fulcra ;  the  dorsal  placed  nearly  opposite  the  int^ral 
between  the  ventrals  and  the  anal,  the  base  of  the  ventrals  not 
specially  extended  ;  the  caudal  powerful  In  each  jaw  there  is  a 
row  of  stout  conical  laniary  teeth,  external  to  which  is  a  series  of 
smaller  ones.  The  dentition,  thus  quite  conformable  to  that  in 
AeroUpis  or  Pygopierxis^  would  alone  be  sufficient  to  demand  the 
separation  of  these  forms  from  the  true  Amblypteri ;  but  carefol 
examination  reveals  still  further  differences  in  the  structure  of  the 
head.  The  suspensonum  is  very  oblique,  the  operculum  small ;  and 
between  it  and  the  square-shaped  plate  hitherto  considered  as 
*' suboperculum,"  but  which  I  have  now  come  to  look  upon  as 
interoperculum,  there  is  another  of  a  narrower  form  (subc^wr- 
culum). 

For  fishes  of  this  type,  which  have  as  yet  only  occurred  in  strata 
of  Lower- Permian  age,  the  genus  Bhabcblepis  of  Troechel  must  be 
maintained.  The  presence  of  the  suboperoular  plate  distinguishat 
this  genus  from  Elonichthys  of  Giebel,  tlie  form  and  extent  of  that 
plate  as  well  as  the  shorter  base  of  the  ventral  fins  from 
CosmoptycMus  (mihi). 

III.  Type  of  A.  striatusy  Ag.  (Genus  Cosmoptychim,  Traquair). 
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The  body  is  rather  deep ;  the  scales  and  cranial  bones  striated ;  the 
fins  are  large,  many-rayed ;  their  Mcra  small ;  the  dorsal  is  nearly 
opposite  the  intern^  between  the  ventrals  and  the  anal ;  the  base 
of  the  ventrals  is  long.  The  operculum  is  narrow  and  pointed 
below;  a  small  triangular  suboperoular  plate,  whose  anterior 
saperior  angle  is  produced  upwards  in  a  narrow  linear  process  lying 
along  the  anterior  margin  of  the  operculum  for  some  distance,  is 
intercalated  between  the  last-named  bone  and  the  anterior  part  of 
the  upper  margin  of  the  interoperculum.  The  laniary  teeth  are 
sharp,  conical,  moderate  in  size,  and  pretty  closely  set,  with  a  series 
of  smaller  teeth  outside. 

The  peculiar  characters  of  the  Amtlypkraa  itriattts  of  Agassiz 
render  necessaiy  the  institution  for  it  of  a  new  genus,  which  I 
propose  to  denominate  CosmoptychiuM^  being  in  some  respects 
intermediate  between  Rhabdalepis  and  Eloniehthys,  but  differing 
from  both  in  the  extended  bases  of  the  ventral  fins.  In  the  last 
respect,  as  well  as  in  the  form  of  some  of  the  bones  of  the  head,  it 
resembles  Cheirolepis,  though  of  course  differing  very  widely  from 
that  genus  in  other  respects.  As  yet  we  are  only  acquainted  with 
one  species  of  CosmaptycJdus,  which  has  been  found  only  in  the 
JLower  Carboniferous  strata  (Calciferous  Sandstone  scries)  of  the 
neighbourhood  of  Edinburgh. 

IV.  Type  of  A.  nemopterus  (Genus  ElonicJuhys,  Giebel).  The 
scales  are  moderate,  striated  or  striato-punctate ;  the  median  fins, 
and  sometimes  also  the  paired  fins,  are  large  and  many-rayed ; 
their  fulcra  small ;  the  rays  of  the  pectoral  articulated ;  the  base  of 
the  ventrab  not  extended ;  the  doroal  situated  nearly  opposite  the 
interval  between  the  ventrals  and  the  anal ;  the  caudal  powerful. 
The  suspensorium  is  very  obUque  ;  there  is  no  subopercular  plate 
intercalcated  between  the  operculum  and  the  interoperculum. 
There  are  large  conical  laniary  teeth  intermixed  with  and  internal 
to  a  series  of  smaller  ones. 

To  this  type  belong  the  A,  nemopterus  of  Agassiz,  and  one  of  the 
two  species  which  he  confounded  together  under  the  name  of  A. 
punctatus  (Poiss.  Eoss.  Atlas,  vol.  ii.  tab.  4  c,  figs.  3  and  5). 
Between  these  and  at  least  two  others  referred  to  Palceoniscus  by 
Agassiz,  viz.  P,  striolatus,  Ag.,  and  P.  Rohisoni^  Hibbert,  it  is, 
as  already  mentioned,  simply  impossible  to  draw  any  generic  dis- 
tinction. The  same  must  be  also  said  of  his  **  Pygopterus  "  Buck- 
landiy  which  resembles  Pygopterus  in  hardly  any  thing  save  its  large 
size.  PaUxoniBCM  EgerUmi^  Ag.,  agrees  also  very  closely,  save  in  the 
structure  of  the  pectoral  fin,  in  which  the  principal  rays  do  not 
commence  to  be  articulated  for  a  little  distance  from  their  origin. 
Of  Amblypterus  Portlockii,  Egerton,  I  have  only  seen  fragments ;  but, 
so  &r  as  these  go,  they  seem  to  show  that  this  species  belongs  to 
the  same  type  with  the  others  named  above,  as  probably  also  do 
Pakeonitcus  Brownii  of  Jackson  and  P.  peltigenu  of  Newberry. 

As  these  fishes  can  be  included  in  none  of  the  three  genera  edready 
defined,  nor  yet  in  Palceoniscus,  in  the  sense  in  which  that  generic 
term  must  now  be  employed,  it  remains  to  be  inquired  if  they  con- 

2o2 
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stitute  a  new  generic  type  or  may  be  received  into  any  other  geons 
already  known.  If  we  now  tarn  to  the  genus  EUmichShyB  of  Giebel*, 
we  shall  find  that  that  author  characterized  the  fishes  {E,  Oermari, 
crassidenSy  and  1<itvi8,  from  the  Coal  Measures  of  Weltin,  near 
Halle)  which  he  referred  to  it,  as  standing  in  the  middle  betrween 
Palceonisctis  and  Amblypterxts^  allied  to  the  former  by  their  fnlcrated 
fins,  and  to  the  latter  by  the  large  size  of  theee  organs,  as  weU  as  by 
the  aspect  of  their  thick  striated  scales,  ^^  which  remind  us  of  o^iain 
Amhlypterir  From  Palasonisctis^  however,  he  considered  t^em  to 
difier  in  the  want  of  the  "  scaly  covering  on  the  fins,*^  and  from 
both  in  the  dentition,  which  consisted  of  an  external  series  of 
minute  teeth  comparable  to  the  "  Biirstenziihne "  of  Amhlypierttg, 
between  which  larger  ones  of  a  slender  conical  shape  were  seen, 
'^  wie  ich  dieselben  weder  bei  den  Palaeonisken  noch  Amblypteren 
finde."  But,  unfortunately  for  this  diagnosis,  the  fins  of 
PaUwnUeus  are  no  more  covered  with  scales  than  those  of  any  other 
genus  belonging  to  the  family,  nor  are  the  fulcra  wanting  in  any  of 
the  species  which  have  been  classed  under  Amblypterus  t,  and, 
finally,  it  has  been  shown  that  more  than  one  of  Agassix*s 
**  Amhlypteri  "  possess  large  laniary  teeth  quite  similar  to  those  of 
Ehnichthys,  But  although  Qiebel's  conceptions  of  its  relationship 
to  other  Palaeoniscoid  forms  were  thus  somewhat  imperfect,  I  have 
convinced  myself,  by  a  careful  examination  of  the  type  specimens 
in  the  museum  of  the  University  of  Halle,  that  the  genus 
Elonichthys  is  quite  tenable,  and  that  to  it  the  Amblypierm  nemo- 
pUruB  of  Agassiz  and  the  othor  forms  referred  to  above  as  specially 
allied  to  that  species  are  properly  referable.  Though  closely 
resembling  Rhahdolq>iSy  it  differs  in  the  absence  of  the  subopercEular 
plato  ;  the  operculum  is  also  usually  more  largely  developed  ;  while 
from  Amblypterus,  as  restricted  by  Troschel,  t^e  dentition  and  the 
greater  obliquity  of  the  suspensorium  are  obvious  marks  of  distinc- 
tion. From  Palceoniscus,  to  which  some  of  the  species  were 
referred  to  by  Agassiz,  it  is  distinguished  by  the  large  sixe  of  the 
fins,  and  by  the  possession  of  more  differentiated  laniary  teeth  in 
the  jaws.  Nearly  related  to  Acrolepis,  it  differs  from  that  genus  in 
the  anterior  covered  area  of  the  scales  being  reduced  to  a  very 
narrow  margin  ;  but  from  Pygopterxis  it  is  widely  separated  by  the 

*  Fauna  der  Vorwelt,  vol.  i.  pt.  3,  pp.  249-251. 

t  It  is  remarkable  that  Agassiz's  error  in  the  *  Tableau  Synoptique,*  as  to 
the  absence  of  fin-fulcra  in  Aniblypierus,  •*  except  on  the  upper  lobe  of  the  tail,'" 
though  corrected  by  himself  in  his  general  description  of  the  genus,  has  never- 
theless been  repeatedly  copied  into  the  works  of  subsequent  writera,  sudi  at 
Pictet  (Pal.  2nd  ed.  vol.  ii.  p.  181),  Eichwald  (Leth.  Ro.«vica). 

Giebel,  it  is  true,  in  his  definition  of  Amblypterus  (op.  cit  p.  251),  does  not 
mention  the  absence  of  fulcra  as  a  ( haracter ;  but  nevertheless  on  this  ground 
(*'durch  die  Anwesenheit  der  Fulcra  nur  an  der  SchwaMflosse**)  he  tnmsfen 
Agassiz's  Palaoniscun  Duvemoyi  to  this  genus.  In  this  transference  I  quite 
agree  with  liim,  as  will  be  seen  further  on,  but  not  on  that  account,  the  folcra 
being  obviously  present  in  well-preserved  fins  of  that  species.  This  has  been 
Tigorously  pointed  out  bv  Troschel,  who,  referring  to  a  specimen  in  the  Bonn 
Museum,  speaks  of  the  hdcra  on  its  anal  fin  as  l^ing  "  so  schou  sichtbar,  wie 
man  es  nur  wiiuschen  kann  "  {op.  cit.  p.  17). 
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form  of  the  anal  fin  and  the  struotore  of  the  pectoral.  In  Pyyopterua 
the  dorsal  is  placed  nearly  opposite  the  commencement  of  the  anal, 
commencing  only  a  little  in  advance  of  the  latter,  which  is  possessed 
of  a  remarkably  extensiye  base,  being  produced  posteriorly  in  a 
fringe-like  manner ;  the  principal  rays  of  the  pectoral  are  also 
nnarticnlated  till  towards  their  terminations.  It  is  true  that  in  E, 
Egtrioni  and  one  or  two  other  species  still  undescribed,  these  rays 
are  not  articulated  to  the  same  extent  as  in  E,  iiemoptemSy  &c. ;  but 
I  feel  rather  reluctant,  on  that  ground  alone,  to  multiply  the  number 
of  genera. 

V.    Type    of  A.  puncPitas^  pars   (Genus  Oonatodus^  Traquair). 
Under   the    name  of  "  Amhlypterus  piuictaius "   three    imperfect 
specimens  of  fish  from  the  shales  of  Wardie,  near  Edinburgh,  were 
fignred  by  Agassiz  in  the  '  Poissons  FossOes/      One  of  these  is  a 
head  with    the  anterior  part  of  the  body  (Atlas,  vol.  ii.  pi.  4  c,  fig. 
4) ;  the  second  (ibid,  fig.  5)  wants  the  head,  shoulders,  and  ex- 
tremity of  the  tail ;  the  third  (Jhld,  fig.  3)  displays  the  entire  caudal 
fin,  but  is   obliquely  cutoff  Justin  front  of  the  dorsal  and  anal. 
But  a  comparison  of  these  specimens  with  an  extensive  series  of 
tntire   fishes  from  the  same  beds   establishes    the  fact  that  the 
AnMypterus  punctatus  of  Agassiz  wjis  founded  upon  fragments  of 
two  ^tinet  fishes,  the  specimen  showing  the  head,  but  without  the 
hinder  part  of  the  body,  being  not  only   specifically,   but  even 
generically,   distinct  from  the   other  two,  in   which  we  have  the 
hinder  part  of  the  body  without  the   Lead.      The  latter  belong 
to  the  genus  Elmiichthys  and  to  a   species   closely    aUied   to    E, 
8triolatus  and  JE,  nemopterus^  which  I  propose  to  call  E,  intermedius ; 
but  for  the    former   the  peculiarity  of  the  dentition  requires  the 
institution    of   a  new   genus,    for   which    I    propose    the    name 
^^onatodus  ♦,  retaining   for   the   type    species    the    original    term 
*^  punctatus.^      For  although  the  enlarged  representations  of  scales 
given  by  Agassiz  {tab,  cit,  figs.  0-8)    are  taken  from  one  of  the 
specimens  referable  to  Eloniehthys,  yet  the  name  is  indeed  applicable 
to  both  species ;  and  as  the  characters  of  the  head  and  teeth  are 
those  which  specially  distinguish  Amhlypterus  punctatus,  according 
to  Agassiz*s  conception,  from  his  A,  neawpttrus,  with  which  he  con- 
trasted  it   as   occurring  in   the  same   beds,  it  is,  I  think,  more 
Appropriate  to  retain  his  specific  name  for  the  fish  of  which  those 
peculiarities  are  characteristic. 

The  peculiar  dentition  of  Gotiatodtis  was  first  correctly  described 
^y  Mr.  K.  Walker  in  a  fish  from  the  shales  of  Pitcorthie,  Fifeshire, 
to  which  he  gave  the  name  of  Amblyptenis  anconocechmodus  f,  a 
species  which  is  evidently  most  closely  allied  to  the  O,  punctatus  of 
Wardie,  and  possibly  identical  with  it.  I  have,  however,  enjoyed 
^o  opportunity  of  comparing  with  the  latter  any  actual  specimens 
of  the  Pitcorthie  fish. 

The  teeth  of  O.  punctatus  are  from  ^V  ^  ^  ^^^^  i"  length  in  speci- 
mens measuring  from  5  to  6  inches. :  their  form  is  cylindrical,  but 

»  y/vw,  knee,  and  h^om,  tooth. 

^  IVnns.  EfliiiK  Hool,  Soc.  vol.  ii.  pt.  1  (1«72),  pp.  11«-124. 
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saddenly  narrowing  near  the  extremity  to  an  acutely  pointed  apex. 
Each  tooth  is  also  first  inclined  a  little  inwards,  then  bent  outwaidi 
at  an  obtuse  angle ;  finally,  by  another  corratnre,  the  apex  oomes  to 
point  upwards  in  the  mandibular  teeth,  downwards  in  those  of  the 
maxilla.  The  teeth  are  also  closely  set  in  one  row  of  neaily 
uniform  size:  there  are  certainly  "no  larger  teeth  inside  this  row; 
nor  have  I  seen  any  trace  of  smaller  ones  outside.  Mr.  Walker 
describes  the  teeth  of  the  lower  jaw  of  the  Pitoorthie  fish  as 
*^  placed  alternately  one  dose  to  the  outside  mar^ ;  tiie  next  to  it  is 
fully  half  its  own  thickness  further  in,  and  so  on  the  whole  length 
of  the  bone.''  Of  this  arrangement  I  have  seen  nothing  more  in  the 
Wardie  specimens  than  occasional  indications.  By  Agaasiz  ths 
teeth  of  G.  pwnctatus  were  described  as  being  ^'  en  cones  obtoa,"  sb 
appearance  due  to  their  being  only  seen  in  antero-posterior  T«rtieal 
section  in  the  specimen  he  examined,  their  peculiar  flexures  snd 
pointed  conical  apices  being  there  invisible.  Nor  do  I  find  snj 
evidence  that  they  were  arranged  **  sur  plusieurs  rang^,"  at  leest 
as  far  as  the  maxilla  and  dentary  of  the  mandible  are  oonoemed, 
though  it  is  probable  that  additional  teeth  were  present  in  the 
palate. 

The  dorsal  fin  in  Oonatodus  is  placed  rather  further  back  than  in 
ElonichthySy  the  middle  of  its  base  being  opposite  the  commenee- 
ment  of  the  anal ;  both  dorsal  and  anal  are  large  and  triangular  ; 
the  base  of  the  ventrals  is  short.  All  the  6ns  are  composed  of  Tery 
numerous  rays,  which  are  closely  jointed,  including  in  that  respect 
also  the  principal  rays  of  the  pectoral.  The  suspensorium  is  not  so 
oblique  as  in  most  genera  of  PalsBoniscid®,  but  more  so  than  in 
Ambli/pterus, 

A  new  species  of  this  genus  (O,  macroUjns,  Traq.),  characterized 
by  its  very  large  and  nearly  smooth  scales,  has  recently  turned  up 
in  the  Blackband  Ironstone  of  Gilmerton.  As  yet  the  genus  is  <mly 
known  from  the  lower  division  of  the  Carboniferous  formation  in 
Scotland. 

I  regret  that  I  have  had  no  opportunity  of  forming  any  indepen- 
dent opinion  as  to  the  affinities  of  the  Triassie  species  AmhlypUna 
Agasiizii  of  Munster,  A.  omatus  and  latimanus  of  Giebel,  or  of  that 
from  the  cupriferous  sandstones  of  Eargala  in  Russia,  named  A. 
orienialis  by  Eichwald,  and  can  only  say  r^;arding  them  that,  from 
the  descriptions  given,  they  do  not  seem  to  belong  to  the  genus 
Amblypterus  as  restricted  by  Troschel.  A,  Olftrsi  has  been  already 
referred  by  Agassiz  himself  to  the  Teleostean  genus  EhaooUpis. 

PALiBOiascirs. 

The  genus  PalcBoniscus  has  been  made  to  include  an  immense 
number  of  species,  which  are,  indeed,  referable  to  more  than  one 
generic  type,  some  of  them  actually  not  being  Pal»oniscidsB  at  all 
Authors  have,  in  point  of  fact,  been  only  too  apt  to  refer  nearly 
every  small  rhombic-scaled  fusiform -shaped  ganoid  fish  from  Upper 
PoliBOZoic  rocks  to  PaUwoniscus^  without  inquiring  too  narrowly  into 
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how  far  its  straotnre  agrees  with  that  of  the  original  type  of  the 
gentiB,  and  have  even  sometimes  overlooked  distinctions  of  more  than 
generic  importance. 

The  species  of  PaUxoniscus  enumerated  and  described  by  Agassiz  in 
the  '  Poissons  Fossiles  '  are  referable  to  at  least  seven  different  types. 

I.  Tjrpe  of  Falceoniscus  Freieslebeni,  Ag.  (Genus  Palceoniseus 
restricted).  The  body  is  elegantly  fusiform ;  the  scales  moderate, 
sculptured  ;  the  fins  of  comparatively  small  size  ;  the  dorsal  situated 
opposite  the  interval  between  the  ventrab  and  the  anal ;  the  rays  of 
the  pectoral  are  articulated;  the  fin-fulcra  are  small  but  easily 
recognizable.  The  suspensorium  is  very  oblique,  the  operculum 
and  interoperculum  broad ;  the  mandible  is  slender.  The  teeth  are 
small,  conical,  sharp,  and  of  different  sizes,  the  smaller  ones  being 
more  externally  placed,  but  without  specially  prominent  laniaries. 
The  species  here  included  are  Palceaniscus  Freiesleheni^  magnti$^ 
maeropomus,  elegans,  comptus^  longissimuSj  and  macrophtJialmus, 
JPakeaniseus,  it  limited  to  the  species  just  enumerated,  becomes 
intelligible  as  a  genus ;  otherwise  it  seems  to  me,  as  already  stated 
in  the  preliminary  part  of  this  paper,  that  the  conception  of  a 
PalcBaniscus  becomes  so  vague  that  no  tangible  ground  of  distinction 
can  be  found  between  it  and  Amhli/pteirus  and  many  other  genera 
of  the  family.  It  is  most  closely  allied  to  Elonichthys  ;  but  from 
that  genus  it  is  distinguished  by  the  small  size  of  the  fins,  and  by  the 
dentition,  in  which  the  differentiation  of  ^^  laniaries  "  has  not  pro- 
ceeded 80  far.  The  teeth,  however,  are  not  "en  brosse,"  as 
described  by  Agassiz,  though  their  small  size  sufficiently  accounts 
for  his  use  of  the  term ;  probably,  also,  they  were  not  very  perfectly 
exhibited  in  the  specimens  then  at  his  disposal ;  indeed  in  those 
from  the  German  Kupforschiefer  they  are  rarely  seen  at  all. 
Agassiz's  description  of  them  as  being  "  en  brosse,''  and  also  "  si 
exoessivement  petites  qu'il  est  tr^-rare  de  pouvoir  les  distinguer  "•, 
has  been  rather  severely  criticized  by  Messrs.  Hancock  and  Atthey ; 
it  must,  however,  be  borne  in  mind  that  the  species  (Egertoni)  in 
which  they  correctly  described  the  teeth  as  being  "  disposed  in  two 
distinct  rows,  one  within  the  other,  much  in  the  same  fa^shion  as  in 
Megalickthys  and  Rhizodopsis^  but  still  much  more  like  that  which 
obtains  in  Pygopterus^  in  which  the  teeth  are  likewise  arranged  in 
two  rows— one  being  of  large  laniary  teeth,  the  other  of  small 
external  ones,"  is  not  a  true  PaloBoniscus^  but  is  more  properly 
referable  to  Elonichthys,  The  passage  referred  to  was  also 
written  by  Agassiz  in  special  reference  to  the  species  occurring  in 
Continental  Permian  strata,  and  before  he  became  acquainted  with 
those  Carboniferous  forms  with  conspicuous  laniaries  which  he 
somewhat  incorrectly  referred  to  the  same  genus. 

As  above  restricted,  the  genus  Palceonisciis  must  meanwhile  be 
considered  as  limited  to  the  Permian  formation,  though  it  has 
hitherto  been  looked  upon  as  common  also  to  the  subjacent  Car- 
boniferous rocks.     It  wjU  presently  be  seen  that  the  so-called 

*  Poisaons  FotoUm,  toI.  ii.  pt.  1. 
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Carboniferous  Palofonisei  all  belong  to  types  easentdallj   distisd 
from  ihat  of  P.  Freieslebeni, 

n.  Type  of  Palctoniscus  Duvtmoyi,  Ag.  ((^enns  AnM^terus^  Ag.^ 
This  includes  fishes  with  mostly  rather  deep  bodies  arcuated  in 
front  of  the  dorsal  fin,  which  \»  situated  rather  further  back  than  in 
the  true  Palceonisci ;  the  median  fins  are  large  ;  the  tail  large  and 
powerful ;  the  scales  usually  smooth ;  the  suspensorimn  only 
slightly  oblique ;  the  teeth  probably  very  minute.  There  most  he 
induded  (besides  the  Agassizian  species  P.  Duvemoyi,  wrtttislaviemni^ 
and  lepiduru8)y  the  P.  dimidiate,  ehngatus^  tenuicauda^  gihbuSy  and 
opisthopterus  of  Troschel,  the  P.  Oelberti  of  Goldftiss,  the  P.  tiacarm^ 
arcuatus,  and  Beaumonti  of  Egerton,  and,  I  think,  also  the  P. 
B4>hannij  caudatus^  obliquus,  Eeussiiy  and  luridus  of  He<^0L  P. 
minuitLB^  angustus^  Voltzii,  and  Blainvillei  of  Agassiz  seem  to  be 
allied  forms,  though  the  latter  especiaUy  may  possibly  be  the  type 
of  still  another  genus. 

Between  these  species  and  the  smooth-scaled  Amhlypieri  of 
Saarbrucken  and  Lebach  I  can,  as  already  stated,  see  no  tang^ible 
groimds  of  generic  distinction,  though  in  some  (e.g.  P.  decorvs)  Uie 
fins  are  rather  smaller  and  their  fulcra  more  prominent.  But  the 
slight  obliquity  of  the  suspensorium,  the  general  form  of  the  body, 
the  position  of  the  fins,  and  the  aspect  of  the  squamation  are 
similar  in  all.  As  regards  the  sc^es,  they  are  mostly  smooth,  or 
show  only  slight  concentric  lines;  in  some,  however  (e. g.  P- 
Oelbertiy  P.  Beaum(mti\  those  of  the  front  of  the  flank  display  a 
certain  amount  of  ornamentation.  They  are  certainly  not  PaUeo- 
nisei  in  the  strict  sense  of  the  term ;  and  until  at  least  their  cranial 
structure  and  dentition  are  more  fully  elucidated,  they  are  better 
classed  with  Amhlypterus  than  with  any  other  genus.  Giebel  had, 
indeed,  previously  proposed  to  transfer  P.  Duvemoyi  to  Amblypterus^ 
but,  unfortunately,  on  the  untenable  ground  that  the  fulcra  were 
absent  in  it  except  on  the  upper  lobe  of  the  tail. 

All  these  species  are  from  strata  similar  in  age  to  the  beds  at 
Saarbrucken  &c.,  in  which  the  typical  Amblypteri  occur,  and  which  are 
now  referred  by  continental  geologistfl  to  the  Lower  Permian  {%mtert9 
Boihliegendes).  Even  the  fish-bearing  schists  of  Autun,  characterized 
by  PalcBoniscus  BlainvilUiy  have  ceased  to  be  reckoned  as  apper- 
taining to  the  *•  Terrain  houiller.' 

in.  Type  of  P.  striolatus^  Ag.  (Genus  Ehuichtkys,  Giebel). 
Here  are  included  P.  strioUituSy  Eobisani,  and  Egertoni^  fishes  with 
large  median  fins,  sculptured  scales,  powerful  tail,  very  oblique 
suspensorium,  and,  as  regards  the  dentition,  possessed  of  a  row  of 
distinct  conical  laniaries  internal  to  a  series  of  smaller  teetlu  It  is 
difficult  to  conceive  why  Agassiz  placed  these  species  in  the  genus 
PalcBoniseus,  while  at  the  same  time  he  described,  as  has  been 
already  shown,  certain  closely  allied  forms  from  the  Wardie  shales 
as  Amblypteri,  They  are  all,  in  my  opinion,  referable  to  the  genus 
EUmichthys  of  Giebel.  (See  also  under  type  of  AmhlypUrvs  nemo- 
pteruSy  p.  553.) 

IV.  Type  of  Pala?oniscu$  ornatissimus,  Ag.  (Genus  JiJutdinichth^f, 
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Traqnair).      I  had  long  suspect^  that  a  very  heautiful  spedes  from 
Bardiehouse  was  identical  with  the  P.  oriiatissimus,  Agassiz ;  and  a 
few  days  ago  I  obtained  two  of  the  original  specimens  of  that  species, 
and  found  that  one  of  them,  at  least,  certainly  conftrmed  my  opinion. 
It  IB  the  type  of  a  group  indading  F,  carinatus,  Ag.,  a  species  de- 
scribed from  a  very  imperfect  specimen  from  the  Wardie  shales  now 
in  the  museum  of  the  Royal  Society  of  Edinburgh.     Examples  in  a 
much  better  state  of  preservation,  however,  have  subsequently  turned 
up  in  the  same  locality.    The  body  is  slender,  elegantiy  shaped  ;  the 
scales  are  rather  large,  especially  on  the  flank  ;  the  median  fins  are 
lai^e   in  proportion  to  the  size  of  the  fish ;  the  dorsal  is  situated 
nearly  opposite  the  anal ;  the  caudal  body-prolongation  is  delicate. 
I  have  had  no  satisfactory  view  of  the  dentition  or  of  the  structure 
of  the  pectoral  fin  in  this  species ;  but  its  general  aspect  leads  me  to 
class  it  along  with  the  PaZawnwcM^or/wj^tmrntts,  Ag.,and  Palofoniscus 
Wardii,  of  Prof.  Young,  recently  briefly  described  by  Mr.  Ward, 
of  Longton  *,  as  coui^tituting  a  new  genus,  Rhadinichthys,     The 
characters  of  generic  importance  displayed  by  the  two  last  named 
species  are  as  follows  : — The  body  is  comparatively  slender ;   the 
suspensorium  is  very  oblique  ;  the  jaws  are  armed  with  a  row  of 
incurved  conical  laniaries,  out8ide  which  there  is  a  series  of  smaller 
teeth  ;  the  principal  rays  of  the  pectoral  fin  are,  as  in  Pygopterus 
and  Oxyg^iaihus^  unarticulated  till  towards  their  terminations  ;  the 
dorsal  is  situated  rather  far  back,  nearly  opposite  the  anal ;  the 
caudal  body-prolongation   is    comparatively  delicate.      There   are, 
besides  these,  several  other  new  species  from  British  Carboniferous 
strata  referable  to  this  type,  the  description  of  which  I  hope  soon  to 
be  able  to  overtake ;  in  some  of  these  the  scales  are  nearly  smooth, 
as  in  R.  can'natus^  in  others  elaborately  ornamented. 

PaUroniscuB  Albertii,  of  Jackson,  seems  to  me  to  be  allied  to  R, 
carinaius ;  but  more  especially  so,  judging  from  the  drawings,  is  his 
P.  Cairtisii^  and  some  of  the  other  small  PalaBoniscida?  from  the 
Coal  Measures  of  New  Brunswick,  figured,  but  not  described,  by  the 
same  author  t.  All  the  species  which  I  propose  to  include  under 
Rhadinichthys  are  from  Carboniferous  strata. 

The  three  remaining  types  included  by  Agassiz  in  Palceoniscus 
must  be  altogether  excluded  from  the  family  Palaeoniscidse. 

V.  Type  of  Palceoniscus  fultuSj  Ag.  (Genus  Ischypterus,  Egerton). 
This  Triassic  species,  in  which  the  caudal  body-prolongation  is  con- 
siderably more  reduced  than  in  the  Palfleoniscidfle,  the  tail  con- 
Boquently  showing  the  first  approach  to  the  semiheterocercal  form, 
and  whose  general  structure,  including  the  osteology  of  the  head, 
betrays  a  strong  affinity  to  JSemiomtus^  has  been  already  separated 
hy  ^ir  Philip  Grey- Egerton  under  the  name  of  hchyptertis  t- 
wides  IschypUrus  fidtus^  Ag.,  sp.,  there  are  here  included  /. 
^gamzUf  I.  macraptenis,  /.  latus  (=  Earynotus  tenuiceps^  Ag.),  and 

•  North     Staffordshire    Naturalists     Field    Club,    Addresses    and   Papers 
(Hnnley,  1875),  pp.  239-240. 
+  K«port  on  the  Albert  Coal  Mine.  New  Brunswick. 
}  Quart.  Joum.  Geol.  Soc.  iii.  1847,  p.  279;  ibid.  vi.  18.50,  p.  8. 
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/.  watus  of  W.  C.  Eedfield,  species  originally  referred  bj  ihd 
author  also  to  PalcBaniscus,  though  he  was  not  unaware  of  tbeir 
essential  differences  from  that  genus,  and  of  the  likelihood  of  their 
being  eventually  separated.  For  in  alluding  to  the  stout  charaeter 
of  the  fins  and  their  insertions,  whence  the  specific  nanie  fuUw^ 
given  by  Agassiz,  he  says  that  ^*  this  character  is  also  foxind  to 
pertain  in  a  greater  or  less  degree  to  all  the  American  speciee  of  the 
genus,  and  would  perhaps  warrant  their  separation  from  the 
Piilownua "  ^.  He  notices,  further,  the  great  strength  of  the 
fulcra,  their  comparatively  small  number,  sjod  unequal  Ien^;th  and 
inclination,  and,  as  regards  the  tail,  that  the  scales  of  the  body  ax« 
prolonged  into  the  upper  lobe,  ''  but  to  a  more  limited  extent  tiua 
in  the  European  species  of  the  genus."  The  small  extent  of  the 
gape  has  also  been  m^itioned  by  Sir  Philip  Grey-£gerton. 

Ischypterus  was  classed  by  Sir  Philip  Grey-Eg^rton  amon^  tha 
Ganoidei  Heterocerd  (=  Lepidoidei  Heterooeici,  Ag.)  along  ^ih 
Palceoniseus  and  AmblypUrus  ;  more  recently,  however,  it  has  been, 
by  Prof.  J.  V.  Carus,  disassociated  from  the  PalsBoniscide  and 
placed  among  the  Sauroidei  as  remodelled  by  Br.  Andreas  Wagner. 
But  as  I  have  hitherto  seen  no  detailed  account  of  its  structure,  I 
may  here  give  a  few  particulars  concerning  /.  latus^  which  will 
clearly  show  how  widely  this  genus  deviates,  not  only  from 
PalcBoniscus^  but  from  the  entire  group  of  PalaeoniscidflB. 

In  Ischypterus  the  body  is  rather  deep,  and  strongly  arcuated  in 
front  of  the  dorsal  fin  ;  the  scales  are  rhomboidal  and  smooth ;  hot 
along  the  middle  line  of  the  back,  from  the  occiput  to  the  dorsal  fin, 
there  extends  a  row  of  peculiarly  shaped  median  scales,  like  thoee  in 
Semionotus  Bergeri^  Ag.,  and  Lepidatus  minor,  Ag.,  these  being 
somewhat  spur-shaped,  with  posteriorly  directed  points,  and 
imbricating  over  each  other  fh>m  before  backwards.  They  were 
pointed  out  by  Mr.  W.  C.  Bedfield,  who  says  of  them  that  they  wwe 
**  sometimes  mistaken  for  an  anterior  comblike  do»aL"  The  caudal 
fin  is  comparatively  short  and  small ;  it  is  hardly  deft,  being  only 
somewhat  concave  behind,  and  is,  moreover,  nearly  symmetrical  in 
external  form,  the  upper  projecting  point  only  passing  a  little 
further  back  than  the  lower.  The  prolongation  of  the  body-scales 
along  the  upper  margin  of  the  fin  is  very  narrow  and  rapidly 
attenuating,  and,  although  it  reaches  nearly  to  the  extremi^  of 
what  may  be  called  the  upper  lobe,  is  very  short,  owing  to  the 
shortness  of  the  fin  itself.  The  rays  are  comparatively  few  in 
number,  those  of  the  upper  lobe  gradually  diminishing  in  l^igth 
towards  its  extremity ;  and  the  fulcra,  which  run  along  the  margin 
of  the  lower  lobe,  are  nearly  as  strong  as  the  V  scales,  usually  also 
called  fulcra,  which  border  the  upper  one  above.  Though  this  form 
of  tail  cannot  be  called  **  homocercal,"  inasmuch  as  a  scaled  pro- 
longation of  the  body  does  extend  nearly  to  the  point  of  the  upper 
lobe,  yet,  from  the  shortness,  feebleness,  and  attenuation  of  tiiis 
prolongation,  along  with  the  striking  reduction  of  the  number  of 

*  Am.  J.  So.  xli.  1841,  p.  25. 
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the  fin-rajB  of  that  npper  lobe,  it  is  not  heterooeroal  to  the  same 
extent  as  in  PdUtoniscua  or  Adpenser,     It  seems,  indeed,  to  famish 
OS   with    the    first    step    in    the    transition    from  the  typically 
heteiooercal  tail  to  such  semiheterooercal  forms  as   in  Lefidotus^ 
Dapedttis,   PTiolidoplwrus^  &c.,  in   which  the  body-prolongation  is 
proportionally  shorter  still,  and  the  rays  of  the  npper  division  of  the 
fin  extend  considerably  beyond  it.     In  the  other  fins  the  rays  are 
distant  oompared  with  those  of  PalcBoniseuSj  and  nnartioolated  for 
the  greater  part  of  their  length ;  the  fulcra  of  their  anterior  margins 
are  enormously  large,  and  correspondingly  few  in  number,  being 
totally  nnlike  any  thing  we  find  in  the  PalseoniscidsB,  though  much 
reminding  ns  of  those  in  some  species  of  Semianotus  and  Lepidotut, 
Though  the  notochord  was  probably  persistent,  there  are  obvious 
remains  of  strongly  developed  spinous  processes,  interspinous  bones, 
and    ribs,    the    latter    being    apparently    totally    absent    in  the 
PalasoniacidsB.     The  bones  of  the  head  are,  unfortunately,  very  badly 
preserved  in  all  the  specimens  of  Ischypterus  which  I  have  had  the 
opportunity  of  examining ;  they  display,  however,  enough  to  render 
certain  the  following  essential  points  of  structure.    The  line  of  the 
top  of  the  head  slopes  very  rapidly  from  the  occiput  downwards  and 
forwards  to  the  snout,  which,  in  profile,  appears  rather  sharp,  and 
does  not  form  the  peculiar  nasal  prominence  over  the  mouth  seen  in 
Palceoniscus  and  its  allies.     The  opercular  bones  are  conformed  quite 
according  to  the  type  characteristic  of  the  Mesozoic  Ganoids  and 
niodem   Teleostei.      The  operculum  and  suboperculum  are  rather 
narrow ;  the  prssoperculum,  passing  first  downwards,  curves  ttien 
gently  forwards,  carrying  the  articulation  of  the  mandible  to  a 
point  in  front  of  the  upper  attachment  of  the  suspensorium ;  the 
interoperculum  is  also  distinctly  visible  as  a  small  triangular  plate 
with  anteriorly  directed  apex,  and  placed  in  front  of  the  lower  part 
of  the  suboperculum  and  below  the  anterior  extremity  of  the  pr©- 
operculum.     The  gape  is  small ;  the  configuration  of  the  maxilla  I 
have  not  been  able  to  determine  ;  but  the  mandible  b  stout  and  short 
and  has  its  dentary  margin  set  with  a  row  of  equal-sized,  small 
and  rather  bluntly  conical  teeth.     In  one  specimen  I  have  seen 
similar  teeth,  apparently  in  more  than  one  row,  in  the  upper  part  of 
the  mouth ;  but,  from  defective  preservation,  it  is  hardly  possible  to 
t«U  on  what  bone  they  are  situated.     The  orbit  has  not  the  remark- 
ably anterior  position  characteristic  of  the  Palfieoniscidae,  but  is 
situated   nearly   right  above  the   articulation   of  the  lower  jaw. 
^yond  pretty  distinct  indications  of  frontals  and  parietals,  and  of 
»  powerfully  developed  parasphenoid,  no  further  details  of  the 
<»teology  of  the  head  are  revealed  by  such  specimens  of  lichypteruB 
M  I  have  had  at  my  disposal. 

The  few  details  given  above  render  it,  however,  perfectly  evident 
that  the  affinities  of  Ischypterus  are  not  with  PdUioniscus,  but  that 
it  must,  on  the  other  hand,  be  looked  upon  as  the  most  heterocercal 
®*  that  great  series  of  Lepidosteoid  Ganoids  especially  characteristic 
of  Mesozoic  times,  and  of  which  Lepidotus,  JSemionotus,  Dapedius, 
^Midophorus^  &c.  are  prominent  examples.     To  two  of  those. 
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already  referred  to,  its  resemblanoes  are  especially  striking,  Tix.  to 
Semiorwtus  Bergeri,  Ag.  *,  of  the  German  Keuper,  and  LepidMvs 
fmmor  of  the  English  jSirbeck. 

Fbhes  of  this  genns  oocnr  in  the  Triassic  strata  of  North 
America ;  it  is  also  said  to  have  been  fonnd  in  the  Lower  Pemuan 
sdusts  of  Antun,  in  France  t. 

VI.  Type  of  Palronisctts  (/laphtfrus^  Ag.  (  ?  Genos  Acentropharms^ 
Traqnair).  I  have  not  seen  the  tj-pe  specimen  of  this  rare  8peQ« 
from  the  English  Marl  Slate ;  bnt,  to  judge  from  the  figores  giveD  in 
the  '  Poiasons  Fossiles '  J  and  in  King's  *  Permian  Fossils '  §,  the 
oondnaion  seems  unavoidable  that  it  is  neither  a  Palaoniscus  nor  a 
member  of  the  family  of  Palfleoniscidie.  Certain  suspicious  det^uls 
occur  in  Agassiz's  description — for  instance,  that  the  mouth  is 
*^  tr^-petite,"  also  that  the  fulcra '^different  de  ceux  des  aiitres 
especes  en  ce  qu*il  sont  plus  allonges  et  moins  serres  contre  le  bord 
des  nageoires/'  This  latter  condition  is  verj-  distinctly  represented 
in  the  figure  of  the  species,  in  which  we  also  miss  the  prominent 
heterocercy  characteristic  of  the  Palaeouiscidee :  in  fact  the  entire 
aspect  of  the  fish,  as^  there  delineated,  is  eminently  suggestive  of  its 
affinity  to  the  three  little  speciee  from  Fulwell  Hill,  Durham, 
described  by  Mr.  Kirkby  as  Pul<ronvscus  varians,  Abbsii^  and  ahtts  ,  , 
but  whose  reference  to  that  genus  is  certainly  erroneous.  Until, 
however,  the  type  specimen  is  reexamined,  it  would  be  uuj^afe  to 
pronounce  as  to  the  generic  identity  of  P,  gUiphifrus  with  the:«e 
last -mentioned  form^ :  at  least  one  marked  distinction  is  found  in 
the  deuticnlation  of  the  scales  in  the  former,  a  difference  which  may 
possibly  be  only  of  specific  im-wrtance. 

But  as  regards  the  nou-palaDoaiscoid  nature  of  the  Fulwell-Hill 
fishes  there  cannot  be  the  smallest  doubt :  and  although  these  species 
are  not  Agassi -cian,  it  may  not  bo  altogether  out  of  place  here  to 
devote  a  littlo  more  attention  to  them  than  a  mere  passing  reference. 
That  they  are  not  P(d  i-onisri  has  been  already  pointed  out  by  Dr. 
Liitken,  of  Copenhagen,  in  the  following  terms,  '*  But  already  in 
t\\e  Dyas  we  find,  alongside  of  a  preponderating  number  of 
heterocercal  forms,  a  few  half-homocercal  ones."  And  in  a  foot- 
note appended  to  the  same  passa;^e  ho  says,  ''  as,  for  example, 
Palceomsciis  Abhsii^  various^  and  alttts  from  the  English  Permian 
formation,  which  should  bo  expelled  from  the  genus  Pal<rattiscta 
(like  the  North- American  Triassic  8j>ecies,  also  previously  referred 
to   PalcBoniscas,    which   are   now    called     fscht/ptents,    CatopUms^ 

*  PoiflsoDB  Fossiles,  voL  ii.  pt  1,  p.  224-227.  Striiyer  in  Zeit«ohr.  dcr 
deutaohen  geol.  GeselUoh.  x\i.  1664.  pp.  803-330,  pi.  xui. 

t  The  statement  that  "  at  Autun,  in  France,  we  find  the  gonus  IxAypUnu 
acooinpanying  the  true  Pfdaonisci^'  is  made  by  Sir  Charles  Lyell  (Quart.  Joum. 
Oeol.  8oo.  iii.  1847,  p.  278) ;  but  Sir  Philip  Grey-Egerton.  three  years  later,  statw 
that  he  is  not  cognizant  of  any  species  of  the  genus  being  found  there  (ibid.  >i. 
1850,  p.  8). 

1  Atlas,  vol.  ii.  tab.  10  c.  liga.  1  and  2. 

I  PI.  xxii.  fig.  3. 

5  Ann.  &  Mag.  Nat.  Hist.  (3iix.  1««2.  pp.  2«7-2tm.  also  in  Quart.  Joum.  Geol. 
S<H?.  xxl  W^h,  pp.  345  3.^>8. 
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Dieiyopyge,  &c,\  as  they  do  not  show  a  complete  heterocercy,  but 
only  an  indication  or  approximation  to  it "  *. 

A  glance  at  the  beautiful  plate  by  Mr.  Dinkel,  with  which  Mr. 
Klrkby*s  paper  in  the  ^  Quarterly  Journal '  is  illustrated,  is  in  itself 
quite  sufficient  to  rabe  in  one's  mind  the  gravest  doubts  as  to  the 
acx^uracy  of  the  position  assigned  by  that  author  to  the  little  fishes 
in  question.  Howerer,  ha7ing  been,  by  the  kindness  and  liberality 
of  the  Earl  of  EnniskiUen,  furnished  with  the  loan  of  a  beautiful 
series  of  specimens,  and  having  also  examined  those  in  the  British 
.  Museum  and  in  the  museum  of  the  Koyal  Dublin  Society,  I  am  now 
in  a  position  to  go  into  the  question  more  in  detail,  and  with  the 
result  of  finding  the  decision  so  briefiy  expressed  by  Dr.  Liitken 
most  fully  substcmtiated. 

The  three  species  described  by  Mr.  Kirkby  are  very  like  each 
other,  saye  in  the  general  contour  of  the  body ;  so  that  the  following 
observations,  though  principally  made  on  specimens  of  Palceoniscus 
varians,  will  apply  also  to  the  other  two  as  far  as  essential  points  of 
structure  are  concerned. 

The  caudal  fin  of  P,  variant  so  closely  resembles  that  of 
lachypterus  that  it  would,  indeed,  be  impossible  to  draw  any  generic 
distinction  between  them  from  that  part  alone.  It  is,  compared 
with  that  of  PalcBoniscus,  short  and  feeble,  few-rayed,  nearly 
s^^mmetrical  in  external  outline,  and  hardly  cleft ;  the  rays  of  the 
upper  lobe  gradually  diminish  in  length  towards  its  extremity. 
The  caudal  body-prolongation  is,  as  in  hchypterus^  much  reduced, 
becoming  very  rapidly  narrow  and  delicate,  though  its  scales  may  be 
traced  nearly  to  the  extremity  of  the  short  upper  lobe  of  the  fin. 
The  caudal  fin,  however,  is  not  the  only  one  which  shows  a  marked 
deviation  from  the  Palaioniseus  type.  It  at  once  strikes  the  eye  that 
the  fulcra  in  front  of  the  dorsal  and  anal  fins  are  fewer  in  number, 
set  at  lower  angles,  and  very  much  larger  and  stronger  than  in  any 
of  the  Pala&oniscidae — that  they  are,  in  fact,  proportionally  nearly  as 
powerfully  developed  as  in  IscJiyptantSy  though  they  diminish  in 
size  more  gradually,  from  the  origin  to  the  apex  of  the  fin,  than  in 
the  latter  genus.  Behind  the  margin  of  strong  fulcra  only  about 
ten  rays  are  counted  in  the  dorsal,  and  eight  in  the  anal ;  these  are 
rather  distant  save  just  in  front,  and  for  a  considerable  distance 
show  no  transverse  articulations.  The  paired  fins  are  verj'  small 
and  few-rayed  ;  and  in  like  manner  the  fulcra  along  tlieir  margins 
are  strong  beyond  any  thing  met  with  in  the  PalaK)niBcid8e. 

The  osteology  of  the  head  shows  a  still  more  marked  deviation 
from  the  t}'pe  of  structure  in  the  Palseoniscidae.  The  opercular 
bonee  are  very  distinctly  seen  in  most  specimens,  and  totally  differ 
in  form  and  arrangement  from  those  in  Palaoniscus,  though  closely 
resembling  the  corresponding  bones  in  Lepidotus  and  other  Meeozoio 
genera.  The  entire  opercular  apparatus  has  an  evenly  rounded 
posterior  margin ;  the  operculum  and  suboperculum  are  large,  and 
of  nearly  equal  area,  being  divided  by  a  line  running  obliquely 

*  *'  Ueber  die  Befrenzung  und  Eintheilung  der  Qanoiden,"  PaI»oiitographica, 
fol.xidi.  1873,  p.  26. 


Digitized  by  VjOOQIC 


564  BAMS^T  H.  TiuairAiB  ojr  AMBLTPTEBUB, 

upwards  and  backwardB.     In  front  of  the  lower  end  <^  tlie  sob- 
operculom,  a  small  bat  rery  distinct  interopercnlnm  is  seen,  of  a 
triangnlar  shape,  with  anteriorly  directed  apex«    The  prsMpereiiliim, 
whi<£  does  not  coyer  any  porticm  of  the  cheek,  shows  a  diatinol 
upper  and  lower  limb,  the  n^>er  being  nearly  perpendicular,  and 
carving  roond  below  into  the  lower,  which,  passing  forwards,  curies 
the  articulation  of  the  lower  jaw  considerably  in  front  of  the  upper 
extremity  of  the  saspensorinm.    The  jaws  are  comparadYely  f eeblei, 
and  the  mouth  rery  smalL    The  mandible  has  quite  a  different  ahxpe 
from  that  in  PdUeoni$cus^  being,  of  course,  connderably  shorter,  and 
seems  to  form  the  immediate  margin  of  the  mouth  only  towards  its 
extremity,  which  is  bent  a  little  downwards.      The  mi^-rill^fc   ip 
especially  feeble,  extending  only  to  about  half  the  length  of  tJke 
mandible,  and  is  absolutely  unlike  that  in  any  of  the  Palieoniseids, 
as  it  stops  short  just  before  the  orbit,  and  ends  with  a  rounded 
spatulate  extremity,  which  overlaps  the  mandible  considerably  in 
front  of  the  quadrate  articulation  of  the  latter.     Mr.  Kirkby  makes 
no  mention  of  teeth ;  nor  hare  I  discovered  any ;  neverthelesa   it 
would  be  hardly  safe  to  conclude  that  the  jaws  were  edentukma. 
The  branchiost^al  rays  are  few  in  number,  about  seven  on  ea<^ 
side ;  the  posterior  ones  are  rather  long,  narrow,  and  gently  curved ; 
but  they  become  rapidly  shorter  in  front.      In  one  specimen,  com- 
pressed upon  its  back,  a  space  is  seen  just  behind  the  symphysis  of 
the  mandible,  and  in  front  of  the  branchiostegal  rays  of  each  side, 
which  was  probably  occupied  by  a  large  median  ''jugular"  as  in 
Dapedius,  Eugnaihus^  &c.,  and  in  the  recent  Atnia,      The  bones  <^ 
the  cranium  proper  are  not  well  seen,  owing  to  their  delicacy,  and  to 
the  crushing  which  they  have  undergone ;  the  ethmoidal  region  is 
usually  wanting  or  undecipherable  as  to  its  component  parts.     The 
frontaJs  are  almost  always  distinct  as  two  well-marked  roof-bones, 
broader  behind  than  before,  their  outer  margins  being  excavated  in 
front  for  the  orbits.     Two  shorter  parietals  succeed  the  frontala 
behind ;  and  there  are  evident  traces  of  a  squamosal  plate  on  the 
outer  side  of  each  parietal,  above  the  suspensorial  articulation, 
though  the  operculum  is  usually  crushed  down  over  this  region  of 
the    skull.      There  are  faint  traces   of  small  plates    completdy 
surrounding  the  orbit,  which  was  placed  nearly  right  over  the 
articulation  of  the  lower  jaw  instead  of  being  considerably  in  front 
of  it  as  in  PdUmmiscus,    Traces  also  of  the  palatoquadrate  arch  are 
seen  in  many  specimens ;  but  it  is  hardly  possible  to  make  out  its 
constituent  bones;  a  well-marked  quadrate,  however,  is  distinct 
enough.    The  direction  of  the  suspensorium  is  undoubtedly  oom- 
siderably  forwards  as  well  as  downwards. 

Of  the  elements  of  the  shoulder-girdle,  the  posttemporal  and 
supraclavicular  are  so  generally  covered  and  obscured  by  the 
opercular  bones  that  a  description  of  them  is  hardly  possible.  Tt» 
olaviole,  however,  is  usually  well  seen,  and  differs  greatly  from  that 
in  the  PalsDoniscidsB.  It  is  a  comparatively  slender  bone,  bent 
forwards  at  a  very  obtuse  angle  about  its  middle;  the  lower 
extremity  is  pointed  and  comes  in  contact  with  its  fellow  of  the 
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opposite  side ;  there  is  no  trace  of  any  inf radavionlar,  so  constant 
and  prominent  an  element  in  the  shoulder-girdle  of  all  the 
PalBSonisddae. 

The  scales  of  the  hody  are  smooth ;  and  those  of  the  flank  remind 
ns,  in  t^eir  form,  more  of  the  scales  of  Pholidophortu  than  of 
PakBoniscus. 

These  details  render  it  sufficiently  evident  that  the  fishes  entitled, 
hy  Mr.   Kirkby,  Palceonisctu  varians,  Abbsiif  and    altus   belong 
neither  to   the  genns  PalceonisctASy  nor  even  to    the    family   of 
Paheoniscidfle.     ^e  differences  of  structure  between  them  and  all 
the  other  genera  which  may  be  included  in  the  last-named  family 
are,  indeed,  so  sttong  that  I  am  a  little  surprised  to  find   him 
comparing  PaUxoniacus  varians  with  such    forms    as   P.   VolUii, 
angustusj   and  wrcUislaviensis — species  which,  if   they   cannot   be 
included  in  the  genus  Palceoniscus  as  now  restricted,  most  obviously 
belong  to  the  PalsBoniscidae.      Palceoniscus  fultus  and  P.  glaphyrus 
are  also  mentioned  as  allied,  especially  the  latter ;  and  here  I  am 
able  most  fully  to  agree  with  the  author ;  for  P.  glaphyrus  seems, 
indeed,  to  be  closely  related  to,  if  not  generically  identical  with,  the 
little  fishes  in  question.    But  if  that  be  the  case,  then  it  also,  as 
already  mentioned,  must  cease  to  be  regarded  as  having  even  family 
relations  with  PaUeoniscus.     But,  as  regards  PalceanisetM  fultus,  Mr. 
Kirkby  seems  to  have  overlooked  the  fact  that  as  far  back  as  1847 
it  was  transferred  by  Sir  Philip'  Grey-Egerton  to  a  new  genus, 
namely  Ischypterus ;  and  I  have  above  shown  how  widely  this  genus 
differs  from  the  PalsBonisddee  in  most  essential  points  of  structure. 
It  is,  in  fact,  not  the  type  of  Palceoniseus,  but  that  of  Lepidotus  and 
Its  allies,  which  rises  before  the  mind  on  the  contemplation  of  the 
structural  details  of  these  fishes  along  with  their  entire  aspect. 
And  it  is  precisely  with  this  American  genus  IschypUrus  that  Mr. 
Kirkb/s  fishes  display  the  greatest  possible  affinity — ^in  the  struc- 
^^ure  of  the  tail,  of  the  fins,  and  in  the  osteology  of  the  head,  so  far 
^  that  can  be  made  out  in  the  genus  just  named.    A  difference  of 
decided  generic  value,  however,  is  to  be  found  in  the  absence,  in  the 
Fulwell-Hill  fishes,  of  the  median  row  of  spur-shaped  scales  along 
the  back,  so  prominent  in  Ischypterus ;  and  in  reference  to  this  dis- 
tinction, I  propose  the  new  generic  term    Acentrophorus  for  the 
Pol(K(mi»cus  varians,  Ahhsii,  and  alius  of  Kirkby.     Whether  or  not 
PolfXQniscus  glaphyrus  of  Agassis  is  also  indusible  in  this  genus,  can 
only,  as  aforesaid,  be  accurately  determined  by  a  reexamination  of 
^0  type  specimen ;  but  that  it  also  is  not  related  to  the  Pakeonisei  is 
^J^^anwhile  pretty  clear  to  my  mind. 

VU,  Type  of  Palcsoniscus  catopterus,  Ag.  (?  Genus  DictyopygSj 
Egerton).  This  little  spedes,  from  the  Triassic  Bed  Sandstone 
<rf  Bhone  Hill,  co.  Tyrone,  was  originally  named  by  Agassiz,  but 
Was  not  described  by  him.  Sir  Charles  Lyell,  however,  in  referring 
to  it  in  connexion  with  certain  American  Triassic  forms,  says 
<»nceming  it : — "  The  Irish  PaUxoniscus  catopterus  of  Koan  or  Ehone 
Hill,  referred  by  Col.  Portlock  to  the  Trias,  is  a  true  PaUxoniscus, 
*nd  not  allied  generically  either  to  the  Isehypterus  of  Egerton  or  the 
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C^ttopterus  of  Redfield  **  *.  And  in  Sir  Philip  Grey-Egertoii's  bnef 
d60cripd<Mi  of  the  spedest  ocean  the  following  paaBage: — ''The  dorsal 
fin  is  placed  much  nearer  the  tail  than  in  any  other  spedes ;  in  thia 
reapeci,  but  in  no  other,  Palceoniseus  eatopUnu  resembles  the  genua 
CatopUrHS  of  Mr.  Bedfield.  The  tail  is  decidedly  heterooerque.'* 
The  eye  is  also  said  to  be  placed  forwards,  t^e  month  to  appear 
small,  the  operenlnm  to  be  nearly  semicircalar. 

The  smallness  of  the  month  wonld  in  itself  be  considerable 
presnmptiTe  eyidence  against  the  affinity  of  this  species  with 
PHUrnniseuSj  in  which  the  gape  is  enormously  extensive,  aa  it  is 
also,  more  or  less,  in  the  entire  family  ;  it  displays,  however,  anotiier 
peculiarity  which  condusively  shows  that  the  position  hitherto 
assigned  to  it  is  incorrect. 

However,  the  specimens  usually  seen  in  collections  are  almost 
always  in  so  bad  a  state  of  preservation,  from  their  very  friable 
nature,  that  it  is  not  astonishing  that  sudi  eminent  naturalistB  as 
Agassiz,  Lyell,  and  Orey>£gerton  should  have  fallen  into  error  as 
regards  its  affinities;  ind^  they  are  ordinarily  so  rubbed  and 
abraded  that  in  many  cases  it  is  barely  possible  to  determine  t^iat 
they  are  the  remains  of  small  ganoid  fishes.  But  in  the  Museum  of 
Practical  Geology,  Jermyn  Street,  there  is  one  rather  good  specimen, 
and  in  the  collection  of  the  G^eological  Survey  of  Ireland  there  are 
several  others,  on  examining  which  I  was  not  a  little  surprised  to 
find  that  the  taU  is  not  that  of  Palfroniscu*.  The  fin-rays  are,  as  in 
the  PalseoniscidsB,  dosely  set  and  articulated  throughout,  their 
fulcra  being  small  and  numerous ;  and  the  tail  is  deeply  deft  and 
somewhat  inequilobate.  But  the  body-scales  stop  short  in  a  little 
rounded  "  sinus,"  which  projects  only  a  very  short  distance  up  into 
the  base  of  the  upper  lobe  of  the  caudal  fin,  and  is  then  followed  by 
ra^-s  which  are  just  as  dongated  as  those  of  the  lower  lobe.  The 
tail  is  therefore  much  less  heterocercal  than  in  IsehypUrus  or 
Ac^ntf'ophorus^  in  fact  not  more  so  than  in  Lepidotus ;  so  that  the 
retention  of  this  little  fish  in  the  family  PalsBonisddse  is  no  longer 
possible. 

Are  wo,  however,  to  consider  it  as  the  type  of  a  new  genus,  or 
can  it  be  received  into  any  previously  known  ?  This  question  can 
only  be  answered  to  complete  satisfaction  when  fresh  specimens  are 
discovered  from  which  the  structure  of  the  head  can  be  more  fuUy 
made  out ;  and,  unfortunately,  since  the  first  ^'  find,"  none  have 
come  to  light  either  in  the  original  or  in  any  other  locality.  Mean- 
while, if  we  turn  to  the  figure  of  DiHyopyge  macrura  (CkUopients 
macrurus^  \V.  C.  Redf.),  from  the  Virginian  Triassic  strata,  given  in 
the  previously  quoted  memoir  by  Sir  Charles  Lyell,  we  shall  find 
that  there  \b  a  very  obvious  correspondence  between  it  and  ihe 
Rhone-Hill  fish  in  the  form  of  the  tail,  and  in  the  structure  and 
position  of  the  fins — so  much  so  that  the  probability  of  their 
belonging  to  the  same  genus  seems  to  me  very  great.  Still  greater 
is  the -resemblance  which  it  bears  to  the  Dictyopyge   sociaiis  of 

*  Quart.  Joum.  Ghol.  See  iii.  (1847),  p.  278. 
t  Quart.  Joum.  Oool.  Soc.  vi.  (1850),  p.  4. 
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Striirer,  from  the  Eeuper  Sandstones  of  Cobnrg  *,  for  an  oppor- 
tanity  of  examining  actual  specimens  of  which  I  am  indebted  to  the 
kindness  of  Prof.  Ton  Seebach,  of  Gottingen.  Until  therefore  the 
^unial  osteology  and  the  dentition  of  these  forms  is  better  known, 
I  would  propose  that  the  PaUeoriuem  catopteruB  of  Agassiz  be 
included  in  the  genus  Didyopyge  of  Sir  Philip  Grey-Egerton.  Of 
the  closeness  of  the  alliance  there  can  be  hardly  a  doubt ;  so  that  the 
relationship  of  this  little  fish  to  the  American  Triassio  genus 
CcUopterua  is  not  so  distant  as  has  been  supposed  t. 

Gtrolbpib. 

In  the  "  Tableau  synoptique  des  genres  et  des  esp^ces,"  given  at 
the  banning  of  the  second  volume  of  the  '  Poissons  Eossiles/  this 
genus  is  referred  to  in  the  following  terms  : — 

"  Le  genre  Oyrolejpts^  Agass.,  n'(^tant  dtabli  que  sur  quelques 
ecailles,  est  encore  douteux.  Ce  qui  le  distingue,  c'est  que  les  stries 
d'accToissement  ferment  des  saillies  ooncentriques  h  leur  surffice." 
Three  Triassic  species  are  here  included,  viz.  O.  maximus^  Ag.,  O, 
tawistriatusy  Ag.,  and  O,  Albertii,  Ag.,  along  with  one  from  the 
Kupferschiefer,  G,  asper,  Ag.  Further  on  in  the  same  volume  (p. 
172),  in  a  more  special  description  of  the  genus,  Agassiz  again  owns 
that,  having  found  only  detached  fragments,  non-coherent  scales,  and 
even  these  rarely  entire,  the  special  characters  of  the  genus  are  not 
satisfactorily  established.  Meanwhile,  he  says  "Faspect  de  ces 
lilies  est  tel,  qu*il  serait  impossible  de  les  rapprocher  d'aucun  dea 
genres  que  j'ai  d^ja  dc^rits.  La  surface  ext^rieure  des  Ecailles  est 
om^  de  grosses  rides,  tantdt  ooncentriques  et  parallMes  aux  lames 
d'accroissement,  tantdt  obliques  et  irr^gulierement  ramifi^es.  J'ai 
cm  pendant  quelque  temps  que  ces  rides  etaient  toujours  oon- 
centriques ;  mais  plus  tard  je  me  suis  assur^  qu'elles  Etaient  souvent 
aussi  disposces  en  peignes  irr^guH^res."  Certain  dentigerous  frag- 
ments found  along  with  the  scales  are  also,  with  some  doubt^ 
referred  to  the  same  genus ;  the  teeth  on  them  are  described  as 
being  small  and  "  en  forme  de  c6nes  obtus  dont  Textremite  est 
arrondie,  et  qui  sent  dispose  comme  dans  la  famille  des  Pycnodantes 

*  Zeitwhr.  der  deutsohen  geol.  Geeellaoh.  xvi.  1864,  pp.  303-330,  pi.  xiii. 

t  The  genus  Dictyopyge  was  separated  from  Caiopterus  of  J.  H.  Bedfield  by 
Sir  Philip  Cbej-Egerton  od  aooount  of  the  supposed  heterooercal  nature  of  the 
tul  in  the  Utter.  I  hope,  however,  that  I  shall  not  be  deemed  wanting  in  re- 
spect to  the  high  authority  of  our  greatest  English  writer  on  fossil  ichthyolo^ 
in  pointing  out  that  not  only  is  the  semiheteroceroal  nature  of  the  tail  m 
(^oioptenu  distinctly  asserted  in  Mr.  J.  H.  Bedfleld's  original  description  and 
borne  out  by  his  figure  (Ann.  Lye.  Nat  Hist.  N.  York,  iv.  1848,  pp.  35-40,  pi. 
i-),  but  also  reaffirmed  by  Mr.  W.  0.  Bedfield,  who  therefore  proposed  to  cancel 
^^yopyge^  recalling  D,  mactura  as  a  Catoptertis  (Proo.  Am.  Assoc.  Albany, 
1866,  pp.  180-188).  But,  as  in  the  typical  Catopterua  gracilis,  J.  H.  Bedf.,  the 
•dorsal  fin  is  situated  still  further  baclc  than  in  the  species  macruntSy  W.  C. 
^^f.,  socialis,  Strurer,  or  in  the  little  caiopterus  of  Agassiz,  the  genus 
^^^opyge  may,  I  tbink,  be  advantageously  retained  for  these  last-named 
forms. 

Q.J.G.S.  No.  131.  2p 
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snr  tonte  la  surface  dee  os  qui  les  portent."  O,  a^per  ( J\ftoomeA» 
Dunkeri^  Grermar)  is  now  referred  to  the  genus  Aerolqns ;  but  anotte 
species,  6^.  giganteus^  is  added  from  the  Old  Red  Sandstone  of  Soot- 
land.  Finally,  in  the  general  list  of  Ganoids  from  the  Tuioiii 
formations  published  in  1843,  and  appended  to  the  beginnxng  ol 
the  second  rolume,  G.  Ranhinei,  from  the  Cloal-measures  of  Leedsi, 
is  named  though  not  described,  and  O.  giganteus  is  transferred  to 
the  genus  Hohptyehiu$,  The  latter  is  described  in  Uie  *  PoisBoaM 
fossiles  du  vieux  Gr^  Eouge '  (1844),  p.  73. 

Another  species  of  OyroUpis,  from  the  German  Muschelkalk, 
was  described  by  Munster  under  the  name  of  O.  bipUcatmt^ 
characterized  by  the  possession  of  two  strong  parallel  ridges  on  tbe 
outer  surface  of  the  scale. 

But  in  1848  Giebel  announced  that  he  had  discovered  the   scales 
known  as  Oyrolepis  Alhertii^  Ag.,  and  O,  biplicatM,  Miinst.,  in  great 
numbers,  and    on    the    same  slabs  with    dentigerous   and   otiiier 
cephalic  bones  referable  to  Colobodus,  a  genus  instituted  by  Agassix 
for  certain  tooth-bearing  fragments  (C  Hogardii,  Ag.)  from  tlie 
Muschelkalk,  and  referred  by  him  to  the  family  of  Pjcnodonts. 
Oyrolepis  tenuistriatus,  Ag.,  on  the  other  hand,  was  referred  by 
Giebel  to  Amblypterus,     He  therefore  proposed  the  total  abolitioo 
of  the  genus  Oyrolepis^  uniting  and  renaming  the  species  G,  Albertii 
and  hiplicatus  as  Coldbodus  varians,  Giebel  *,  and  in  like  manner 
the  species  O,  tenuistriatvs  and  maximum  as  Amblypterus  cUdpiems, 
Giebel  t,  and  in  each  case  apparently  without  the  smallest  regard  to 
priority  of  specific  nomenclature.     The  accuracy  of  Giebel*s  referenoe 
of  the  two  former  species  to  Cohhodus  was  questioned  by  £ck  t- 

Quenstedt,  in  his  '  Handbuch  der  Petrefactenkunde,'  agrees  with 
Giebel  as  to  the  reference  of  O,  Albertii  and  O,  maximtu  to 
Colohodus ;  77u)lodtis,  v.  Meyer,  he  also  considers  as  belonging  to  the 
same  type,  but  is  inclined  to  consider  these  forms  as  related,  not  to 
the  Pycnodonts  nor  to  the  heterocercal  Ganoids,  but  to  Lepidotus  §. 
In  the  same  work  he  expresses  himself  in  a  rather  guarded  manner 
regarding  the  reference  of  G,  tenuistriatus  to  Amblypterus  \K 

The  doubtful  nature  of  the  characters  of  QyroUpis  is  thus 
referred  to  by  Sir  Philip  Grey-Egerton  in  his  paper  on  the  "  Ganoid^ 
Heterocerci :" — "  The  scattered  and  fragmentary  condition  in  which 
the  remains  of  this  genus  have  always  been  found  has  proved 
hitherto  an  insurmountable  obstacle,  not  only  to  a  definition  of  its 
generic  characters,  but  to  a  determination  of  the  family  in  which  it 
ought  to  be  placed.  It  is  not  even  known  whether  the  tail  was 
homocerque  or  heterocerque — a  point  of  some  importance  as  bearing 
upon  the  value  of  this  character  as  a  criterion  of  the  age  of  strata, 

*  Fauna  der  Vorwelt,  i.  3,  pp.  181,  182. 

t  IWd.  p.  266. 

\  'Teber  die  Fauna  des  bunten  SandsteinB  and  des  Muscbelkalks  in 
Obenchlesien/  p.  67.  I  hare  not  myself  seen  this  work,  which  I  therefore 
quote  on  the  authority  of  Dr.  Martin. 

§  Handbuch  der  Petrefactenkunde,  2nd  ed.  (1867),  pp.  248-250. 

n  Ibid.  p.  268,  269. 


Digitized  by  VjOOQIC 


PAUBOHISCXTS,  GTK0LSPI8,  A19D  PTQOPTBRUS.  569 

since  some  of  the  species  are  confined  to  the  Triassic  period "  *. 
Snbeeqaently,  however,  Sir  Philip  expressed  an  opinion  that  in 
OyroUpis  '*  vre  hare  probably  a  heterocerqne  fish  "  t. 

More  recently  Br.  Karl  Martin  has  advocated  the  view  that  the 
Triassic  scales  known  as  OyroUpis  belong  to  Saurichthys^ ''  beoanse 
the  strongly  marked  scnlptore  of  their  snrface  (like  the  condition  of 
the  teeth  of  SauricTUhys)  reminds  ns  of  that  of  the  scales  of 
AcroUpis^  and  because  hitherto  neither  teeth  have  been  found 
which  conld  correspond  to  these  scales  of  OyroUpis,  nor  other  scales 
which  could  be  ascribed  to  the  teeth  of  Saurichthys.^  SauridUhy$ 
itself  is  referred  by  Martin  to  the  fiunily  PalsDoniscadaB  on  acooont  of 
the  loscmblftnoe  which  ihe  teeth  and  a  fragment  of  a  maxilla 
figured  by  him  bear  to  those  of  Aerolqns  cuper  t . 

Finally,  as  I  have  already  mentioned  (p.  560),  Prof.  Victor  Cams 
has  not  only  reunited  EhabdoUpiSy  Troschel,  to  Amhlypterus^  Ag., 
but  has  added,  as  synonyms  of  the  latter,  Oyrolepis,  Colobodtu^  and 
Tholodus.  1  need  not  again  point  out  how  inconsistent  it  is 
with  the  prevailing  ideas  of  the  limits  of  a  genus  to  reckon  as 
congeneric  with  such  a  fish  as  AmhlypUrus  latus  scales  like  those 
known  as  Gyrolepis^  or  teeth  like  those  of  Colohodus  or  Tholodus^ 

From  the  preceding  sketch  of  its  history  it  is  abundantly  dear 
that  at  present  all  definition  of  Oyrolepis  as  a  genus  is  impossible ; 
and  under  the  circumstances  it  does  seem  to  me  better  to  follow  the 
example  of  Giebel  in  cancelling  the  term  altogether.  As  regards 
^e  Triassic  species  which  have  been  so  named,  1  must  necessarily 
leave  the  final  determination  of  their  position  to  continental  palaeon- 
tolc^ts.  But,  as  to  the  use  of  the  name  Oyrolepis  in  catalogues 
of  British  Carboniferous  fossils,  there  can,  1  think,  be  no  doubt  as  to 
the  propriety  of  its  entire  abolition  ;  for,  unless  the  Triassic  scales 
to  which  the  name  was  originally  given  are  really  referable  to 
Aorolepis^  there  is  no  Carboniferous  fish  of  which  we  have  the 
smallest  evidence  that  it  belongs  to  the  same  genus  with  them. 
Vhat,  then,  is  the  real  nature  of  the  one  Carboniferous  species 
which  has  been  definitely  named  Oyrolepis^  but  which  has  hitherto 
remained  undescribed  ? 

The  name  Oyrolepis  Rankinei  occurs  in  Agassiz's  general  list  of 
fossil  Ganoids,  the  formation  and  locality  quoted  being  the  Coal- 
measures  of  Leeds.  Neither  description  nor  figure  is  given ;  and  the 
original  specimen  seems  now,  unfortunately,  to  be  lost  or  unknown. 
But  in  Morris's  *  Catalogue  of  British  Fossils '  (p.  273)  Lanark- 
shire is  given  as  an  additional  locality  for  this  species ;  and  on 
inquiring  of  Dr.  Eankin,  of  Carluke,  and  Mr.  Grossart,  of  Sals- 
huigh,  in  that  county,  1  learn  that  Agassiz,  when  in  Scotland,  also 
designated  as  O.  Rankinei  a  specimen  in  Dr.  Rankin's  collection. 
To  these  gentlemen  1  am  indebted  for  the  opportunity  of  examining 
portions  of  the  original  Lanarkshire  specimen,  along  with  others 

•  Quart.  Journ.  Geol.  Soc.  toI.  vi.  1850,  pp.  8.  9. 

t  Deo.  Geol.  Survej-,  Tiii.  1855,  text  aooompanjing  pi.  ix.  p.  3. 

i  Zeitichrifl  der  deutachen  geol.  Gesellsoh.  xr\ .  (1873). 
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daction  of  the  covered  areas  b  proportionally  longer  and  more  acute. 
The  scales  of  the  other  coherent  patch  are  smaller  in  size,  and  more 
obliquely  rhomboidal  in  form,  as  regards  the  exposed  surface  ;  they 
are  further  distinguished  by  the  absence  of  the  articular  peg  of  the 
upper  margin,  and  by  the  much  greater  narrowness  of  the  covered 
areas,  Tirbich  are  not  specially  produced  upwards  and  forwards. 
Their  thickness  is  also  very  considerable,  being  no  less  than  ^  inch 
in  one  of  these  scales  entirely  detached  from  the  matrix,  and 
measuring  about  i  inch  in  breadth.  A  difference  is  also  observable 
in  the  sculpture  of  these  posterior  scales,  viz.  a  tendency  of  the 
ridges  to  coalesce  in  a  reticuluting  manner  towards  the  posterior, 
superior,  and  interior- inferior  obtuse  angles  of  the  scale,  so  as  to 
interrupt  the  intervening  furrows  in  these  two  regions,  converting 
them  more  or  less  into  pits. 

The  specimen  also  exhibits,  as  already  mentioned,  many  detached 
and  broken-up,  transversely  jointed  fin-rays,  some  of  which  attain  a 
breadth  of  ^  inch  ;  the  length  of  their  joints  is  somewhat  less,  but 
varies  in  ditterent  rays.  These  rays  are  all  seen  only  from  their 
internal  non-ganoid  surfaces. 

As  already  stated,  it  b  quite  evident  that  the  fish  to  which  these 
remains  belonged  b  a  member  of  the  family  Paheonbcidse  ;  and  the 
form  and  thickness  of  the  scales,  with  their  very  large  anterior 
covered  area,  and  the  nature  of  their  sculpture,  along  with  the 
peculiar  tubercular  ornamentation  of  the  cephalic  and  shoulder- 
bones,  point  out,  as  it  seems  to  me,  that  Acrolepis  is  the  genus  to 
which  it  should  be  referred.  The  scales  of  the  Permian  A,  Sedg- 
wicku  are  quite  similar  in  shape,  though  proportionally  smaller  and 
with  fewer  ridges.  The  tendency  to  reticulation  of  the  ridges  on 
certain  parts  of  the  posterior  scales  of  the  Lanarkshire  fish  reminds 
us  also  of  the  peculiar  sculpture  which  b  characteristic  of  the  entire 
scale  and  over  the  whole  body  of  A.  exscidpius.  The  narrow  ventral 
scales  are,  indeed,  undbtingubhable  from  the  one  from  the  Carboni- 
ferous Limestone  of  Derbyshire  contained  in  the  Cambridge  Museum, 
and  figured  by  MH^oy  as  Acrolepis  Hopkinsii  *;  but  if  that  be  the 
same,  as  I  believe  it  to  be,  with  a  fish  from  the  Millstone  Grit  of 
Hebden  Bridge,  of  which  several  beautiful  fragments  are  in  the 
collection  of  Mr.  John  Aitken  of  Bacup,  it  b  a  dbtinct  species,  and 
differs  from  A.  Bankinei  in  other  respects. 

In  conclusion,  if  all  definition  of  Qyrolepis  as  a  genus  b  at  pre- 
sent impossible,  if  the  diagonal  ridged  scale-ornament,  supposed  to 
be  characteristic  of  it,  b  also  characteristic  of  the  scales  of  many 
species  belonging  to  various  other  genera,  such  as  Acrolepis^  Mo- 
nichthys,  RJiahdolepis^  Cosmoptychius^  &c.,  and  if  the  "  Oyiolepis " 
Rankind  of  Agassiz  be  referable  to  Acrolepis,  then  there  is,  as  I 
have  maintained  above,  no  longer  any  justification  for  the  retention 
of  the  name  "  Oyrohpis  *'   in   our  Ibts  of    Britbh    Carboniferous 


*  •British  Pala*ozoic  Rocks  and  Fossils,'  p.  000,  pi.  3^.  fig.  10. 
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PYOOPTBBrS. 

The  definition  of  Pygopterus  given  by  Agassiz  in  the  **  Taldewi 
Synoptique  "  is  as  follows  : — 

"  A.  tr^s-allongee  ;  D.  opposee  k  rintervalle  entre  TA.  et  les  V. 
La  m&choire  sup^rieure  deborde  Finferieure.  De  petits  rayons  le 
long  des  rayons  ext^rieurs  des  nageoires/' 

Eurther  on  in  the  volome  the  characters  of  the  genus  are  indi- 
cated more  in  detail.  The  large  size  of  the  fins,  especially  of  tbe 
heterocercal  and  deeply  cleft  caudal,  is  noticed,  the  paired  fins  being 
less  developed ;  also  the  pointed  conical  teeth,  the  comparatiTelv 
small  size  of  the  rhomboidal  scales,  and  the  well -developed  mtemal 
skeleton.  But  it  is  on  the  form  of  the  anal  fin  that  the  g:Teate9t 
stress  is  laid  : — "  Mais  ce  qui  caracterise  plus  particuliereiaent  les 
Ptfgapterus,  c'est  qu*^  cette  caudale  in^uilobe  se  joint  une  anale 
fort  longue  qui  gamit  le  bord  inferieur  du  corps  sur  nne  g^ande 
etendue."  The  dorsal  is  still  stated  to  be  placed  opposite  the  inter- 
space  between  the  ventrals  and  the  anal,  but  "  de  mani^re  ik  etze 
plus  rapproch^  de  cette  demi^re.''  In  his  description  of  P.  «iun»- 
dihularis^  however,  Agassiz  states  that  in  it  the  anal  is  more  directiy 
opposed  to  the  dorsal  than  in  P.  HumboldtxL 

The  restored  outline  of  Pygopterus  given  in  the  Atlas  to  tlie 
*  Poissons  Fossiles '  (vol.  i.  tab.  B.  fig.  3)  displays,  however,  the 
same  faults  as  the  accompanpng  restorations  of  Pal<90m9cu$^  Ankhiy- 
ptents,  &c.,  viz.  a  want  of  acquaintance  with  the  structure  of  the 
head,  besides  considerable  inaccuracies  as  to  the  general  form  of  the 
body  and  fins.  Had  Agassiz  been  acquainted  with  the  cranial 
osteology  of  the  Palseoniscidae,  it  is,  indeed,  impossible  to  eonoeiTe 
that  on  the  sole  ground  of  the  possession  of  large  laniary  teetk.  he 
could  have  separated  Pygopterus  and  Acrolepis,  as  "  8auroVdee,'* 
from  their  natural  allies  Palceoniscus  and  Amblypterus,  a  precisely 
similar  dentition  existing,  as  has  been  subsequently  shown,  in  sevend 
of  the  species  which  he  referred  to  the  two  latter  genera. 

By  Quenstedt  a  peculiarity  of  PygopUt^us^^  certainly  of  generie 
value,  is  noticed,  which  seems  to  have  escaped  the  attention  of 
Agassiz,  viz.  the  non-articulation  of  the  principal  rays  of  the  pectoral 
fin.  As  he  says : — "  Die  grossen  ung^liederten  Strahlen  der  Brost- 
flossen  errinem  an  Pachycarmus/*  The  position  of  the  dorsal  fin  is 
also  more  correctly  indicated  by  Quenstedt,  according  to  whom  it 
stands,  "  weit  hinter  der  Bauchflosse  uber  der  vordem  HiOfte  der 
langen  Afterfiosse,"  though  he  might  also  have  mentioned  that  it 
commences  in  front  of  the  latter.  He  also  gives  a  figure  of  some  of 
the  bones  of  the  head  (operculum,  maxilla,  mandible,  branchiostegal 
rays),  in  which  the  essential  agreement  of  these  in  form  and 
arrangement  with  the  corresponding  bones  in  Palasoniscus  is  clearly 
shown  *. 

The  peculiar  form  of  the  anal  fin  is  also  emphasized  by  Germar, 
by  whom  the  position  of  the  dorsal  fin  is  correctly  stated  in  the 
following  words  : — "  Man  erkennt  diesen  Fisch  sehr  leicht  an  den 

*  •  Handbuoh  der  t^etrefactenkunde/  2nd  ed.  (1867),  p.  269,  pi.  21.  fig,  4. 
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deatlic^  erkennbaren  Wirbelsaule,  an  seiner,  wenn  auch  in  ver- 
minderter  Hohe  sich  fast  bis  zur  Schwanzfloese  fortziehenden  Afber- 
flosBe,  iwesshalb  man  ihm  aucb  die  Benennong  AfterJloB$enfi$ch  geben 
kann,  und  an  der,  der  Afterflosse  fast  gerade  gegeniiberstebenden 
Kiickenflosse."  Again  he  remarks : — ''  Die  Aftei^oese  beginnt  bei 
zwei  Drittheil  Lange  des  Bauches,  dehnt  sioh  anfangs  stark  in  die 
Hohe  aus,  wird  dann  aber  schnell  wieder  niedrig,  and  setzt  sich 
nacbher  mit  allmahlig  verminderter  Hohe  bis  in  die  Nahe  der  nntern 
Schwanzflosse  fort.  Die  Eiickenflosse  steht  der  Afterflosse  ziemlich 
gerade  gegeniiber,  doch  noch  weiter  naoh  vom  geruckt,  so  dass  etwa 
ihre  Mitte  dem  Anfange  der  Afterflosse  sich  gegeniiber  befindet,  sie 
steigt  auch  anfangs  schnell  and  hoch  empor  and  endigt  nach  hinten 
doroh  eine  sichel-  oder  halbmondformige  Ausbiichtang  "*. 

The  definition  of  Pyyopierxis  given  by  M*Cloj  is  as  follows  : — 

**  Body  large,  elongate  ovate ;  fins  very  large,  with  fulcral  scales, 

anal  fin.  of  moderate  depth  and  very  long,  dorsal  of  moderate  length, 

nearly  opposite  or  a  litde  in  front  of  t^e  anal  fin  ;  ventrals  small, 

slighdy  in  front  of  the  middle  of  the  body ;  pectorals  moderately 

small,  falcate  caadal  very  large,  deeply  notched ;  apper  jaw  a  little 

longer  than  the  lower ;  endoskeleton  strong,  vertebne  nsaally  wider 

than  long  ;  scales  proportionally  rather  small,  rhomboidal,  smooth, 

and  minntely  panctured  or  diagonally  striated,  extending  over  the 

pedicles  of  the  fins,  and  particularly  over  the  thick  upper  lobe  of  the 

tail  to  the  extremity,  having  a  moderately  wide  articular  margin, 

sometinies  prolonged  at  the  upper  angle,  and  having  a  medial  internal 

articular  ridge  which  forms  a  prolongation  from  the  middle  of  the 

upper  margin  "t. 

What,  therefore,  the  salient  generic  characters  of  PyyopUrus  are, 
is  perfectly  clear  from  the  foregoing  extracts,  which  ail  refer  to  the 
Permian  spedee  P.  Humboldtii  and  P,  mandibularis ;  for  even 
Agassiz,  though  he  enumerated  several  other  species  from  the  Car- 
boniferous formation,  made  only  the  briefest  possible  reference  to 
their  distinctive  characters,  deferring  that  description  to  a  future 
opportunity,  which,  unfortunately  for  fossil  ichthyology,  never 
arrived.  These  two  species,  which,  indeed,  resemble  each  other  ex- 
ceedingly closely,  must  therefore  be  taken  as  typical  of  the  genus. 
It  now  remains  for  us  to  inquire  whether  the  others  named  by 
Agaasiz  sufficiently  agree  with  them  in  structure  to  warrant  their 
retention  under  the  same  generic  title. 

The  species  of  *^  PygopUrus "  enumerated  by  Agassiz,  in  his 
general  list  of  Ganoids,  are  the  following : — 

From  the  Permian  (Zechatein). 


From  the  *'  Coal-formation.'* 

1.  P.  Bonnardi,  Muse,  near  Autun. 

2.  P.  Buclclandi,  Burdiehouse. 

3.  P.  lucius^  Saarbriicken. 

4.  P,Jamesoniy  Burdiehouse. 

5.  P.  Oreenockii^  Newhaven. 

•'Die  Ver8t«inerungen  des  Mansfelder    Kupf erschief ers *  ^Halle,  1840), 
pp.  22-24.  t  •  PaUeozoic  Foesils.* 


6.  P.  Humboldtii. 

7.  P.  mandibularis, 

8.  P.  sculptus. 
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Of  these  one  mnst  be  deleted  before  proceeding  fiiTther,  tiz. 
P.  lueius,  from  Saarbriicken,  which  snbseqoenily  tamed  oat  to  be  ft 
bead  of  ArchegoMaurus  *,  Of  two  others  I  can  give  no  aeoouBt, 
Tiz. : — P.  Bonnardiy  from  the  Antnn  fish-beds  (now  referred  to  tke 
Lower  Permian),  which  I  have  never  seen,  nor  am  I  a^vraLre  of  ite 
having  ever  been  described ;  and  P.  Jetmesonii,  from  Bnrdiehoose,  of 
which  also  no  description  has  ever  appeared ;  and  as  the  speeimeiL,  a 
detached  jaw,  appears  to  be  lost,  the  name  must  be  cancelled,  Hke 
too  many  others  given  by  Agassi z  to  fish-remains  to  whone  identifi- 
eation  we  have  no  longer  any  dne.  The  others  fall  into  tiie  three 
following  generic  types. 

L  'Tyrpe  of  P.  Humbcldtii  (genns  PygapUrui^  Agassiz,  restricled). — 
The  general  form  is  elongated  ;  the  head  is  rather  large,  the  sospen- 
sorinm  very  oblique ;  the  jaws  long,  powerful,  and  armed  with  large 
oonical  laDiaries,  outside  which  is  a  series  of  smaller  teeth  ;  the 
operculum  and  interoperculum  are  rather  small,  the  branchioetegal 
rays  numerous ;  both  the  cranial  and  facial  bones  are  striated*     The 
scales  of  the  body  are  small  in  proportion  to  the  size  of  the  fidi, 
nearly  equilateral  over  the  greater  part  of  the  body,  bnt   rather 
higher  than  broad  on  the  front  of  the  flank ;  their  form  is  rhocn- 
boidal,  their  anterior  marginal  covered  area  is  moderate,  and  at  the 
anterior  superior  angle  of  the  scale  is  produced  upwards  into  a  pro- 
minent point ;  the  proper  articular  spine  of  the  upper  margin  is  weD 
marked.     The  pectoral  fin  is  of  considerable  but  not  excemTe  size ; 
its  principal  rays  aro,  like  those  of  Oxygnaihus  and  BhadintcAtkySj 
unarticulated  till  towards  their  terminations ;  the  ventral  is  rather 
small.     The  anal  commences  rather  romote  from  the  caudal ;  it  is 
high  and  acuminate  in  front ;  but  behind  the  apex  its  contour  faOt 
rapidly  away,  so  that  posteriorly  it  extends  in  a  fringe-like  manner 
for  some  distance  along  the  lower  margin  of  the  body.    The  dorsal 
commences  slightly  in  front  of  the  anal,  and  has  a  much  shorter 
base,  the  middle  of  which  is  opposite  the  commencement  of  the  last- 
named  fin  ;  it  is  acuminate  and  high  in  front,  the  posterior  margin 
being  concavely  cut  out.    The  caudal  is  of  enormous  size,  powerfiilly 
heterocercal,  deeply  deft,  but  not  ver^-  inequilobate.     The  fin-rays 
do  not  seem  to  me  to  have  been  ganoid  externally,  but  to  have  been 
covered  with  a  delicate  skin,  as  in  the  recent  Polgodon ;  the  fulcra 
aro  well  marked.     The  internal  skeleton  is  well  developed,  the  ver- 
tebral arches,  spinous  processes,  and  interspinous  bones  usually 
showing  prominently  through  the  external  scaly  covering ;  but  it 
seems  to  me  very  doubtful  that  the  vertebral  bodies  had  got  beyond 
the  stage  of   "  Halbwirbel ;"  nor  have  I  seen  any  trace  of  ribs, 
though  these  are  mentioned  by  Germar.     The  snout  projects  over 
the  front  of  the  mouth,  as  in  other  PalsBoniscidce ;  hence,  probably, 
the  expression  used  by  Agassiz : — '*  La  m&choire  sup^rieuro  deborde 
rinf^rieuro.*' 

*  Dr.  G.  Jiger,  **  Ueber  die  Uebereinstimmtrng  dee  Pygopterus  Imciu*,  Ag., 
mit  dem  Archegotaurua  DccheniU  Goldf.,**  Abb.  der  k.-bayerucb.  Ak.  der  Wim. 
T.  pp.  877-886.  See  also  a  notice  by  Prof.  Ferd.  Bomer,  in  Verb,  preiM. 
Rbeinl.  u.  Westpbal.  1^50.  pp.  155-157. 
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To  this  type,  which  has  as  yet  occurred  only  in  rocks  of  Permian 
age,  the  term  Pygopterua  ought  in  future  to  he  strictly  limited. 
Here  are  embraced  P.  Humboldtii,  Ag.,  P.  mandibulartSy  Ag.,  and 
i'.  latus,  Egerton, — P,  tculptus^  Ag.,  being  pretty  certainly,  as  sug- 
gested by  Sir  Philip  Grey-Egerton,  only  a  synonym  of  P.  mandihu- 
laris  *j  Agassiz  not  having  been  aware  that  the  anterior  scales  of 
this  species  were  sculptured  with  diagonal  striae.  The  nearest 
approftch  to  Pygopterus  in  general  form  is  made  by  some  of  the  much 
smaller  Carboniferous  fishes  which  I  include  in  the  genus  Rhadi- 
-niehihys  ;  but  in  aU  of  these  the  scales  are  proportionaUy  larger  and 
thicker,  the  caudal  body-prolongation  is  not  so  powerfully  developed, 
and  the  anal  fin,  though  considerably  ^^  echancree,"  is  not  prolonged 
backwards  in  the  same  manner.  In  the  structure  of  the  pectoral 
fin  it  also  resembles  Oa^ygnathns  and  ThrissonotuSy  as  well  as  Ehadi- 
nichthys  ;  in  ThrissonotuSy  also,  the  anal  fin  has  apparently  a  some- 
what similar  formt . 

n.  Type  of  P.  Bucklandiy  Ag.  (genus  Monichthys,  Giebel).  This 
species  has  never  been  described ;  and  the  original  type,  stated  by 
Agamriz  to  be  in  the  Museum  of  the  Eoyal  Society  of  Edinburgh  ^, 
cannot  now  be  found.  A  figure  of  it,  however,  is  given  by  Hibbert, 
in  his  celebrated  memoir  on  the  Burdiehouse  Limestone  §,  fk'om  which 
figure,  along  with  the  very  brief  notice  of  this  species  in  the  ^  Pols- 
sons  Fossiles,'  I  feel  preUy  confident  in  referring  to  it  a  number  of 
mostly  fragmentary  remains  of  a  large  Pakeomscoid  fish  from  Bur- 
diehouse, contained  in  the  Edinburgh  Museum  of  Science  and  Art. 
All  that  Agassiz  says  of  it  is  as  follows  : — 

"  Pygopterus  Bucklandi,  Agassiz.  Esp^  caract^ris^  par  la 
petitesse  et  la  forme  allong^  de  ses  ^cailles,  et  par  son  anale  tr^- 
rapproch^e  de  la  caudale.  Elle  est  ^  pen  pr^s  de  la  taille  du  P. 
mandibularis  et  provient  du  calcaire  de  Burdiehouse  en  Ecosse  "||. 

Hibbert's  figure  represents  only  the  posterior  half  of  the  fish, 
'with  t^e  dorsal,  anal,  and  caudal  fins  ;  and  the  two  former  strike 
one  at  the  first  glance  as  having  the  position  and  shape,  not  of  those 
in  Pygapterus  but  in  Elonichihys.  In  fact,  the  approximation  of 
the  anal  to  the  caudal,  mentioned  by  Agassiz  as  a  specific  mark,  is 
in  reality  a  generic  one ;  moreover,  not  being  prolonged  backwards, 
the  anal  resembles  the  dorsal  in  size  and  shape,  while  the  latter  is 
placed  relatively  further  forwards.  A  comparison  of  this  figure 
with  the  actual  specimens  to  which  I  have  referred,  shows  that  we 
We  here  to  deal  with  a  fish  which  is  certainly  not  a  Pygopterus, 
but  a  species  closely  allied  to  those  from  the  North-Staffordshire 
Coal-field,  which  I  have  recently  described  as  Elonichihys  semistriatus^ 
^.  catfdalis,  and  E,  ohlongus,  as  well  as  to  the  E,  striolatm^  which 

*  In  King's  '  Permian  Foflsils,'  p.  233. 

t  Dec.  Geol.  Surv.  ix.  1868,  pi.  2. 
.  t  It  it  poasible  that  this  is  a  mistake^  and  that  the  specimen  ma^  have  been 
in  the  priirate  collection  of  Dr.  Hibbert,  as  all  the  other  type  specimens  men- 
tioned by  Agassiz  as  belonging  to  the  Boyal  Society  of  Edinburgh  are  in  th«»ir 
places. 

I  Trans.  Boy.  Soo.  Edinb.  vol.  xiii.  pi.  7.  fig.  2. 

I  '  PoisBOns  Fossiles,'  toI.  ii.  pt.  2,  p.  77. 
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is  associated  with  it  in  the  same  beds  *.      The  only  entire  specima 
I  have  seen  is  11|   inches  in  length;   it  is  most   unfortnnaldj 
crashed  on  its  back.     It  disph&ys,  however,  the  right  pectoral  aod 
yentral  fins ;  and  the  former,  unlike  the  pectoral  of  Pygopterus^  h» 
its  principal  rays  articulated  throughout ;  the  yentral  is  of  moderats 
siie.    The  median  fins  are  laige ;  the  dorsal  is  not  shovm  in  mny  of 
the  specimens  belonging  to  the  Edinburgh  Museum ;  bat  in  Dr.  Hib- 
berths  figure  it  is  seen  to  resemble  the  anal,  and  is  evidently  placed 
nearly  opposite  the  interval  between  that  fin  and  the  ventrals,  thoo^ 
the  latter  are  not  shown  in  the  figure.      The  anal,  however,  is  wdl 
shown  in  one  specimen  ;  it  is  large,  triangular,  and  acomiirate,  and 
is  closely  followed  by  the  caiudal,  which  is  very  powerfuL     Hie  fin- 
rays  are  externally  ganoid  and  finely  striated ;  their  transverse  artieo- 
lations  are  very  close ;  the  fulcra  are  closely  set,  and  minute  for  the 
size  of  the  fish.     The  scales  of  the  body  are  proportionaUy  unaiL 
Those  of  the  firont  part  of  the  body  are  apparently  nearly  eqnilmteral ; 
but  posteriorly,  and  more  espemally  towards  the  ventral  maiigin, 
their  form  is  low  and  narrow.     Their  anterior  covered  area  is  very 
narrow  ;  the  posterior  margin  is  very  finely  denticulated  ;  the  ex- 
posed area  is  covered  with  a  delicate  yet  sharply  defined  omam^i- 
tation,  consisting  of  fine  subparallel  ridges,  which  pass  from  b^oie 
backwards  across  the  scale,  in  a  gently  sigmoid  direction,  tending  to 
become  intermixed  with  punctures  posteriorly,  especially  above  the 
diagonal  between  the  two  acute  angles  of  the  scale.      Towards  the 
tail  the  ridges  become  less  marked  on  the  posterior  part  of  the  acak, 
giving  way  to  the  thickly  dotted  punctures,  till  on  Uie  caudal  body- 
prolongation  the  former,  after  lingering  at  the  anterior  margin, 
altogether  disappear,  and  punctures  alone  remain. 

Very  little  can  be  made  out  concerning  the  bones  of  the  head ; 
however,  in  the  above-mentioned  entire  specimen  the  lower  jaw  is 
seen  to  be  very  stout,  and  ornamented  externally  with  fine,  sharp, 
closely  set,  wavy,  branching,  anastomosing,  and  interrupted  ridges, 
running  in  a  longitudinal  direction.  The  laniary  teetii  are  very 
strong,  incurved  and  smooth,  with  apical  enamel-cap  ;  similar  teeth 
are  seen  on  the  maxilla,  the  dental  margin  of  which  is  finely  tuber- 
culated. 

Imperfect  as  the  above-described  specimens  are,  the  affinities  of 
the  fish  which  they  represent  are  clear  and  unmistakable,  and 
forbid  its  being  retained  any  longer  as  a  ^^  Pygopterusr  On  the 
other  hand,  though  attaining  a  larger  size,  the  resemblances  whidi 
it  bears  to  Elonichthys  striolatusy  in  the  form,  structure,  and  position 
of  the  fins,  and  in  the  nature  of  the  scale-ornament,  are  so  great 
that  it  is  impossible  to  include  them  in  different  genera,  though 
specifically  they  are  at  once  distinguishable. 

I  have  already  stated  that  the  original  of  "  Pygopterus  "  Jame$(mi 
seems  to  be  lost,  and  that,  as  no  figure  or  description  of  it  exists, 

*  These  species  are  described  in  the  first  part  of  my  monograph  on  the 
Britl^  Oarboniferoiis  Ganoids,  in  the  Memoirs  of  the  Faleontogniphicsl  Society 
for  1877.  plates  3-7. 
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tilie  name  mast  consequently  drop.     The  only  statement  made  re- 
^ax-ding  it  by  Agassiz,  is  as  follows  : — 

^^  Fygopierus  Jamesoniy  Agass.  Sous  ce  nom  j'ai  distiugu^  une 
seoonde  esp^e  de  Burdiehouse,  dont  je  ne  connais  encore  que  la 
zn&ohoire  inf^rieure  qui  diff^re  de  celle  du  P.  mandibularisy  en  ce 
qu'elle  est  proportionnellement  plus  oourte  "*.  As  he  does  not,  how- 
ever, state  how  this  jaw  (the  only  relic  found)  differs  from  that  of 
J^.  (^Ehnichthys)  Bucklandi,  I  cannot  help  strongly  suspecting  that 
it  l>e]onged  to  the  same  fish. 

The  scale  figured  by  Mr.  T.  P.  Barkas  t,  from  the  Northumberland 
ooal-field,  as  belonging  to  a  species  of  *^  Pygopterw  *'  eyidently 
appertains  to  the  same  fish  as  that  from  North  Staffordshire, 
described  by  myself  as  El(michihy$  semisiriaius,  as  is  also  moRt  pro- 
bably the  case  with  the  mandible  represented  by  him  on  the  same 
plate  J. 

III.  Type  of  Pygopterus  Greenockiiy  Agass.  (genus  Nematoptychim^ 
Traquair). — Conoenung  ^'' Pygopterus*^  Greenochii  the  followiDg 
brief  statement  was  made  by  Agassiz  : — 

*'*'  Esp^  tr^distincte  sous  le  rapport  sp^cifique,  mais  douteuse 
BOUB  le  rapport  gen^rique.  Les  fragmens  oonnus  ne  sent  gu^re  que 
des  tetee  avec  la  partie  anterieure  du  tronc.  Les  lilies  qui  re- 
oonTrent  oette  partie  du  corps  sent  plus  hautes  que  longues,  et 
difift^rent  par-la  de  celles  de  tons  les  autres  Pygapierw,  Du  terrain 
houiller  de  Newhaven.  II  en  existe  plusieurs  exemplaires  dans  la 
collection  de  Lord  Greenock,  qui  sent  tous  oontenus  dans  des  geodes 
de  fer  hydrate  carbonate  "  §. 

Although  the  original  examples  of  this  species,  collected  by  Lord 
Greenock,  and  now  in  the  Museum  of  the  Eoysd  Society  of  Edin- 
burgh, were  thus  imperfect,  there  is  hardly  any  Carboniferous  fish 
oonceming  whose  structure  I  have  been  able  to  acquire  more  com- 
plete information,  my  own  collection  being  especially  rich  in  its 
remains,  and  many  other  specimens  being  in  the  Edinburgh  Museum 
of  Science  and  Art.  These  specimens,  some  of  them  entire,  con- 
firm the  doubts  which  Agassiz  himself  entertained  regarding  its 
generic  position ;  and  accordingly  in  1875 1|  I  proposed  for  its  recep- 
tion  the  new  genus  Nematopiychiw,  The  configoration  of  the  scales 
is  alone  sufficient  to  demand  its  separation  from  Pygopterus,  Those  of 
the  flanks  are  much  higher  than  broad  ;  their  anterior  covered 
margin  is  very  narrow ;  the  exposed  surface  is  rhomboidal ;  but  the 
acute  angles  are  the  anterior-inferior  and  posterior-superior ;  the 
articular  spine  is  broad  and  triangular,  and  arises  from  the  whole, 
or  nearly  the  whole,  of  the  narrow  upper  margin.  The  scales  alter 
their  form  on  the  ventral  aspect,  where  they  become  low  and  very 
small ;  their  external  ornament  consists  of  fine,  wavy,  thread-like 
ridges.    The  pectorals  are  of  moderate  size,  and  have  their  principal 

*  *  Poiflsona  FoBailea,'  voL  u.  pt.  2,  p.  78. 

t  '  Manual  of  Goal-measure  Palaontology,'  pi.  4.  fig.  130. 

ilHd.  fig.  131. 
'  PoiBsons  Fosiilea,'  vol.  ii.  pt.  2,  p.  78. 
Ann.  k  Mag.  Nat.  Hidt.  (4)  vol.  xr.  pp.  25^-262. 
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rays  anarticulated  only  for  about  \  of  their  length  ;  the  dorsal  aad 
anal  fins  are  largo  and  triangolar,  the  doreal  being  placed  far  back 
and  nearly  opposite  the  anal.  The  latter  is  sli^tly  larger  than  the 
dorsal^  but  is  similar  to  it  in  shape,  and  is  not  prolonged  backwards 
in  the  fringe-like  manner  characteristic  of  PygopUnts, 

For  further  details  regarding  the  structure  of  this  genus  I  mmt 
refer  to  my  previous  papers  on  the  subject  *.  A  second  speeifs, 
which  I  haye  named  If.  gracilis^  has  also  recently  turned  up  in  the 
black -band  ironstone  (Carboniferous  Limestone  series)  of  Gibnerton, 
near  Edinburgh  t. 

It  thus  follows  that  there  b  no  Carboniferous  species  of  PygopUna 
as  yet  known,  and  that  it  must  consequently  be  regarded  as  stripy 
a  Permian  genus,  though  in  this  case,  as  in  others,  negative  evidtnce 
may  be  at  any  time  overturned.  I  have  also,  in  the  preceding 
pages,  endeavoured  to  show  that  a  better  understanding  of  tiie  Car- 
boniferous species  hitherto  ascribed  to  Amhlyptems^  PakeoniMcnSj  and 
Oyrolepis  excludes  these  genera  also  from  the  Carboniferous  list,  as 
far  as  our  present  knowledge  goes.  This  is  especially  important 
with  regard  to  the  questions  still  pending  as  to  the  respectiTO  limits 
of  the  Carboniferous  and  Permian  formations,  both  in  England  ^ 
and  in  Bohemia  §  ;  for  it  cannot  be  denied  that  an  accurate  deter- 
mination of  genera,  as  well  as  of  species,  of  imbedded  fish- remains 
is  essential  to  all  safe  generalization  as  to  the  aspect  or  distinctions 
of  particular  faunas,  whether  they  be  "  Carboniferous  "  or  **  Per- 
mian/' and  that  such  generalization  has  been  seriously  impeded  by 
the  vague  ideas  hitherto  prevalent  regarding  the  genera  discussed 
in  the  present  paper.  I  may  therefore  express  a  hope  that  the 
observations  here  recorded  may  not  be  without  their  value,  in  spite 
of  the  inevitable  shortcomings  which  the  nature  of  the  subject,  and 
the  limited  opportunities  of  any  one  observer,  forbid  them  being 
without 

*  Traiifl.  Boyal  Soo.  Edin.  vol.  xiv.  1867,  pp.  701-713.  Also  paper  in  Ann. 
&  Mag.  Nat.  Hist,  quoted  already. 

t  Proc.  Boy.  Soc.  Edin.  1876-77,  pp.  262-265. 

X  "  On  the  Relation  of  the  Upper  Carboniferous  Strata  of  Shropshire  and 
Denbighshire  to  Beds  usually  described  as  Permian/*  by  D.  C.  Dayiee,  F.G.S. 
(Quart.  Joum.  G^©ol.  Soc.  voL  xxxili.  1877,  pp.  10-28). 

5  **  A  Permian  Flora  associated  with  a  Oarooniferous  Flora  in  the  uppermost 

Srtion  of  the  Coal-formation  of  Bohemia,'*  by  Dr.  O.  Feistmantet  (OeoL 
ag.  (2)  vol.  iv.  1877,  pp.  105-120). 
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31.   T^  Bonb-cavbso/Crbbwell  Crags. — 3rd  Paper.     By  the  llev. 
J.  Maoens  Mello,  M.A.,  F.G.S.,  Ac.     (Read  April  11, 1877.) 


OORTSIITS. 


XntrodacdoiL 

A.  The  Bobin-Hood  Ca?«. 

1.  The  Talus. 

2.  The  Surfaoe-SoiL 

3.  The  Breocia. 

4.  The  Cave-Earth. 

5.  The  Mottled  Bed. 

6.  The  Bed  Sand. 

7.  The  Original  Floor. 

8.  Chamber  C. 

9.  Chambers  D  and  B. 


10.  Chamber  O. 

11.  Terminal  Fissure. 
B.  The  Church  Hole. 

1.  The  Talus. 

2.  Deposits  in  Interior. 

3.  The  Breccia. 

4.  The  Care-Earth. 

5.  The  Mottled  Bed. 

6.  The  Bed  Sand. 

7.  Chamber  B. 
Conclusion. 


Introduction. 


It  will  be  remembered  that  on  two  previous  occasions  the  history 

of   the  Creswell-Cavee  Exploration  has  been  brought  before  the 

Society,  on  the  latter  of  which  the  results  of  the  work  were  given 

up  to  the  close  of  1875. 

During  the  early  part  of  last  summer  the  exploration  has  been 

carried  on  under  the  auspices  of  a  Committee,  consisting  of  Sir  J. 

Lubbock,  M.P.,  F.R.S.,  as  President,  Prof.  W.  Boyd  Dawkins,  F.R.S. 

(Secretary),  F.  Longdon  (Treasurer),  Prof.  G.  Busk,  F.R.8.,  W. 
Bragge,  F.G.S.,  R.  D.  Darbishire,  B.A.,  F.G.S.,  J.  Evans,  F.R.8., 
A-  W.  Franks,  F.R.S.,  Rooke  Pennington,  LL.B.,  F.G.S.,  Prof.  Prest- 
wich,  F.R.S.,  and  the  Rev.  J.  M.  Mello,  M.A.,  F.G.8.  (Director  and 
Reporter),  Prof.  W.  Boyd  Dawkins  and  T.  Heath,  F.R.H.S.,  being 
Superintendent*. 

It  will  hardly  be  necessary  to  do  more  by  way  of  recapitulation 
than  just  allude  to  the  first  papers  read,  which  have  established  the 
fact  that  we  have  at  Creswell  a  series  of  highly  important  caves, 
illustrating  by   their  contents  two  periods  of  human  occupation 
during  the  Pdaeolithic  age  in  Britain,  when  man  was  contemporary 
in   Derbyshire  and  the  adjoining  district  with  the   characteristic 
Pleistocene  fauna.     The  remains  of  animals  belonging  to  this  fauna^ 
in  great  abxmdanc«  and  representing  a  remarkably  large  number  of 
species,  have  been  found  in  these  caves,  in  conjunction  with  quartzite 
and  flint  implements  of  two  different  types : — the  one  ruder  than  the 
other  and  underlying  it,  corresponding  in  character  to  the  rude  im- 
plements of  the  Lower  Breccia  of  Kent's  Hole  and  of  the  river-gravels ; 
the  upper  series  of  implements  being  of  a  somewhat  more  finished 
type,  and  in  general  form  agreeing  with  those  assigned  by  M.  Mor- 
tUlet  to  the  age  of  Solutr^,  and  which  have  been  found  in  this 
country  in  the  cavfr-earth  of  Kent's  Hole  and  in  Wookey  Hole*. 
It  was  thought  advisable  to  carry  on  the  exploration  of  the  two 

♦   Vide  Quart.  Jouni.  Qeol.  Soc.  toI.  xixii.  p.  256. 
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principal  cavems  simiiltaiieonsly :  these  are  the  Bobin-Hood  C^tb, 
and  another,  on  the  opposite  side  of  thQ  ravine,  called  the  Chureb 
Hole. 

A.  TJie  BobinrHood  Cave. 

At  the  beginning  of  the  year  a  very  considerable  portion  of  the 
Bobin-Hood  Cave  remained,  as  will  be  seen  in  the  gronnd-plia, 
unexplored;  thoroughly  and  carefully  to  clear  this  ont  foriB^  a 
large  part  of  onr  work.  Great  care  has  been  taken  to  keep  1^ 
contents  of  the  different  beds  separate,  each  bed  having  been  Trorked 
oat,  as  far  as  possible,  independently,  and  the  earth  riddled  as  it 
was  removed  to  the  mouth  of  the  cave ;  the  various  objects  found 
each  day  were  separately  packed  and  labelled.  We  trusted  that  by 
exercising  this  care  we  should  be  able  to  obtain  as  condnsm 
evidence  as  might  be  possible  as  to  the  occupation  of  the  csv«s  hj 
man  during  the  two  stages  of  the  PalseoHthic  period  already 
alluded  to. 

1.  The  TaluB. — ^The  work  was  oommenoed,  on  June  19th,  by 
cutting  a  trench  through  the  talus  outside  the  entrance  of  the 
cavern  (fig.  1.).     At  a  depth  of  3  feet,  the  unproductive  white 
calcareous  sand  with  limestofie  blocks  forming  the  lowest  bed  in 
the  interior  was   met  with;  above  this  was  a   deposit  of   cave- 
earth,  1  foot  thick,  in  which,  near  the  mouth  of  the  cavern,  were  a 
few  flint  chips,  a  fragment  or  two  of  worked  flakes,  and  a  few  teeth  and 
a  portion  of  the  jaw  of  Cervus  megaeeroSj  together  with  two  or  three 
teeth  of  Hyaena  and  Rhinoceros  iichorhinus.     Over  the  cave-earth 
was  an  old  floor  full  of  bits  of  charcoal,  with  pieces  of  coarse  Boman 
earthenware  in  the  lower  part,  and  with  more  modem  remains  at 
the  top.     In  this  floor  a  few  small  fragments  of  human  bones  and 
some  teeth  occurred,  as  well  as  teeth  of  Sheep,  Celtic  Shorthorn, 
Hare,  and  Water-vole,  together  with  some  sm&ll  bird-bones.     The 
talus  generally  proved  of  very  little  interest ;  and  it  was  resolved  to 
proceed  at  once  to  the  resumption  of  work  in  the  interior. 

The  distribution  and  order  of  the  various  beds  as  they  occur  in 
this  cavern  will  be  best  understood  by  comparing  the  sections  taken 
at  different  points  in  the  cave  (figs.  2-7).  Where  all  the  beds  are 
present  they  are  at  least  five  or  six  in  number ;  but  it  will  be  seen 
that  the  whole  series  seldom,  if  ever,  occurs  at  one  spot. 

2.  Hie  Surfdce-eoil. — Below  the  numerous  blocks  of  limestone 
which  were  plentifully  spread  over  the  floor,  a  thin  surface-soil  (1), 
seldom  exceeding  six  inches  in  thickness,  extended  over  the  greater 
part  of  the  cave.  Just  within  a  small  square-cut  entrance  into 
Chamber  C  (fig.  8),  which  is  known  as  Bobin  Hood's  Parlour,  the 
surface-soil  was  reddish  with  thin  films  of  stalagmite  enclosed  in  it 
(fig.  3) ;  usually  this  soil  was  of  a  dark  drab  colour.  In  this  upper- 
most bed  in  Chamber  C  an  enamelled  bronze  fibula  was  found,  very 
similar  in  shape  and  condition  to  one  from  the  Victoria  Cave  figured 
by  Prof.  W.  Boyd  Dawkins  in  '  Cave-Hunting.'  A  small  bronze 
graving-tool,  double-pointed  at  one  end,  was  obtained  from  the 
same  bed ;  also  a  rudely  carved  bone  ornament  with  a  triangular 
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iron  socket  in  its  under  side ;  this  may  have  been  the  boss  of  a 
Byword  or  dagger.  In  other  parts  of  the  cavern  nothing  of  any 
importance  was  disooyered  in  the  surface-soil ;  here  and  there  we 
met  with  broken  fragments  of  Eoman  and  later  pottery ;  and]  we 
have  heard  that  a  coin  of  Faustina  has  since  been  picked  up  outside; 
but  we  were  disappointed  in  finding  so  few  traces  of  Roman  or 
Homano-British  occupation. 

3.  The  Breccia, — A  great  quantity  of  breccia  (2)  remained  on  the 
left-hand  side  of  Chamber  A,  blocking  up  the  entrance  to  Robin 
Hood's  Parlour  (C) ;  this  had  to  be  removed  by  frequent  blasting, 
before  the  cave-earth  below  could  be  reached.  The  breccia,  which 
near  the  entrance  of  the  cave  had  proved  very  rich  in  its  fossil 
contents,  yielding  numerous  bones  and  flint  implements,  contained 
very  little  further  in,  owing  probably  to  its  having  accumulated  in 
dose  proximity  to  the  roof,  to  which  at  several  points  it  was  united 
by  thick  masses  of  stalactite  and  stalagmite.  Above  the  breccia  in 
this  part  of  the  cave  the  stalagmite  was  as  much  as  2  feet  thick 

(fig.  2). 

Amongst  the  stalagmitic  breccia,  some  very  beautiful  crystalliza- 
tions of  calcite  occurred,  with  most  delicate  adcular  and  botryoidal 
forms.  Towards  the  back  of  Chamber  C  the  breccia  thinned  out,  as 
well  as  towards  the  right-hand  side  of  the  cave,  where  it  was  absent, 
except  at  the  mouth  of  the  small  side  fissure  (Chamber  G).  The 
few  remains  found  in  the  breccia  consisted,  as  before,  of  bones  of 
the  Hare,  a  few  teeth  of  the  larger  Pleistocene  Mammalia  {R,  Ucho^ 
rhinuSy  Hysena,  Sear,  and  Horse),  together  with  fragmentary  flint 
implements  and  a  small  piece  of  ruddle. 

4.  I7u  Cave-Earth. — ^The  succeeding  deposit,  that  of  cave-earth 
(3),  was  very  uniformly  distributed  throughout  the  cavern,  although 
varying  very  considerably  in  thickness  in  different  parts.  Near  to 
the  entrance,  as  has  been  observed  in  a  previous  paper,  it  was  very 
thin  where  the  breccia  attained  its  greatest  development ;  but  in 
the  inner  parts  of  the  cave  it  increased  considerably  in  amount, 
being  as  much  as  4  feet  6  inches  thick  at  the  extremity  of 
Chamber  F  (fig.  5). 

Under  the  breccia  between  the  square  doorway  and  the  mouth  of 
the  cave,  the  bed  of  waterwom  pebbles  mentioned  in  the  second 
paper  on  these  caves  became  a  thickish  red  conglomerate,  the  pebbles 
being  firmly  cemented  together  by  iron  and  lime.  The  deposit  was 
of  very  limited  extent,  but  apparently  denoted  the  presence  of  a 
stream  of  water  running  across  this  part  of  the  cavern  during  a 
short  period.  As  there  was  no  trace  of  a  continuance  of  the  pebble- 
bed  towards  the  entrance  of  the  cave,  it  was  perhaps  thrown  down 
in  a  hollow  of  the  floor  during  some  flooding. 

From  the  cave-earth  the  most  important  remains,  both  of  the 
Pleistocene  Mammalia  and  of  Man,  have  been  obtained ;  in  it  bones 
and  teeth  in  great  abundance  of  all  the  species  that  have  already 
been  catalogued  as  occurring  in  this  cavern  continued  to  be  found  in 
all  the  chambers.  Horse's  teeth  were  particularly  numerous.  In 
Chamber   G   several  large   bones   (Mammoth)   were   found   lying 
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together.  Flint  chips  and  some  fine  flakes  were  fonnd  pretty  geoe- 
rally  distributed  in  the  cave-earth ;  but  they  were  far  ontnumbend 
by  the  rudely  fashioned  implements  of  quartziie.  There  were  so 
many  of  these  in  all  stages  of  wear  as  almost  to  suggest  a  manu&e- 
tory  of  them.  The  most  interesting,  however,  of  the  imfdemccta 
foimd  here  were  two  of  clay  ironstone.  It  will  be  remembered  that 
last  year  an  oval  tool  of  this  material  was  also  discovered  in  thk 
same  cave-earUi.  The  two  implements  now  found  are  somewhat 
more  leaf-shaped,  one  being  a  singularly  perfect  specimen,  similar  m 
form  to  many  of  the  well-known  river-gravel  types :  this  was  got 
from  the  Passage  B ;  the  other  was  found  in  Chamber  G. 

The  most  important  of  all  our  discoveries  in  the  Robin  Hood's 
Cave  have  yet  to  be  recorded.  In  the  cave-earth,  about  the  middle 
of  Chamber  F,  a  small  fragment  of  a  bone  (the  rib  of  some  animal) 
was  observed  by  the  writer  to  have  marks  of  engraving  opon  it 
These,  on  being  brought  to  the  light,  we  examined  carefully ;  and 
llr.  Tiddeman,  who  was  present  at  the  time  with  Prof.  Dawkins,  at 
once  noticed  the  rude  picture  of  the  fore  part  of  a  horse  exactly 
similar  to  the  Palaeolithic  figures  that  have  been  found  in  some  <^ 
the  continental  caves.  The  value  of  this  discovery,  the  first  of  itt 
kind  made  in  this  country,  need  scarcely  be  insisted  upon.  But  we 
have  yet  to  record  another  discovery  of  as  great,  if  not  greater, 
importance.  At  the  far  end  of  Chamber  F,  in  the  same  cave-earth, 
at  a  depth  of  about  1  foot,  Prof.  Dawkins  had  the  good  fortune  to 
see  extracted,  by  a  workman,  a  canine  of  Maehairodus  laiidens,  an 
animal  whose  remains,  as  all  will  be  aware,  have  only  twice  before 
been  found  in  England — the  Rev.  J.  M^Enery  having  obtained  from 
Kent*s  Hole,  many  years  ago,  five  canines  and  two  incisors  of  thst 
formidable  animal,  and  a  third  incisor  having  been  found  as  lately  as 
1 872  in  the  same  cavern.  The  discovery,  therefore,  of  the  Maehatjwts 
at  Creswell  in  the  undisturbed  cave-earth  is  one  of  the  greatest 
interest,  which  will  be  dwelt  upon,  in  conjunction  with  all  the  details 
relating  to  the  various  remains  found  in  these  caves,  in  the  accom- 
panpng  paper  by  Prof.  W.  Boyd  Dawkins. 

5.  The  MotHed  Bed, — Below  the  cave-earth  in  the  front  part  of 
Chamber  F,  and  also  in  chamber  G,  was  a  bed  of  earth  (No.  4)  mot- 
tled with  numerous  small  angular  fragments  of  limestone  (fig.  4).  Its 
thickness  ranged  from  1  to  2  feet ;  and  it  occupied  only  a  limited 
part  of  the  cavern,  thinning  out  rapidly  towards  the  back  of  Cham- 
ber F,  where  it  was  absent  (fig.  5),  and  dying  out  in  a 
similar  way  in  Chamber  G.  The  remains  found  in  t^is  bed  were 
similar  in  character  to  those  of  the  cave-earth,  teeth  and  bones  of 
the  Pleistocene  animals  and  quartzite  implements  being  numerous. 

6.  The  Bed  Sand. — ^The  lowest  bone-l)earing  bed  in  the  Creswell 
caverns  is  one  of  red  sandy  earth  (No.  6).  In  the  Robin-Hood  Cave 
this  was  found  uniformly  distributed  over  the  whole  fioor,  its  average 
thickness  being  about  3  feet.  In  the  large  entrance  (Chamber  A), 
and  under  the  breccia  in  the  front  part  of  Robin  Hood's  Parlour, 
there  was  a  good  deal  of  tough  laminated  red  day  mingled  with  it, 
giving  the  bed  in  some  places   quite   an   argillaceous   character. 
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Possibly  this  clay  may  have  been  connected  with  the  same  flow  of 
^water  which  afterwards  deposited  the  grayel  and  conglomerate  in 
thB  same  chambers.    Bones  were  very  abimdant  in  this  red  sand- 
bed,  together  with  teeth  of  most  of  the  Mammalia  occurring  in  the 
upper  beds ;  in  the  argillaceous  portion  of  it,  under  the  breccia,  on 
the  left-hand  side  of  Chamber 'A,  where  the  cave-earth  was  very 
thin,  a  nearly  perfect  skull  of  the  Hyaena  was  found,  and  also  one 
of  the  Fox,  and  the  posterior  part  of  a  Wolf's  skull,  together  with 
fragments  of  the  lower  jaw  of  the  Horse,  and  other  remedns.     In 
the  red  sand  of  Chamber  A,  up  to  the  dose  of  1875,  we  had  obtained 
no  evidence  of  human  occupation  during  the  period  of  its  deposition ; 
but  further  in,  especially  in  Chambers  G  and  E,  a  considerable 
number  of  worked  quartzite  pebbles  were  found  in  this  bed.    • 

7.  Original  Floor. — The  original  floor  of  the  Bobin-Hood  Cave 
was  immediately  below  the  red  sand,  and  consisted  of  a  greater  or 
less  thickness  of  decomposed  limestone  rock  forming  a  whitish  sand 
containing  angular  fragments  of  the  limestone.  In  this  no  remains 
of  any  sort  were  found. 

8.  Chamber  C. — It  will  be  observed  that  comparatively  few  bones 
were  discovered  in  Chamber  C,  large  as  is  this  portion  of  the  cave. 
The  rock  floor  in  it  was  generally  nearer  to  the  roof  than  in  the 
other  chambers,  and  the  deposits  of  cave-earth  and  sand  were,  on 
the  whole,  less  thick ;  at  the  extreme  left  a  considerable  stalagmitic 
deposit  is  to  be  seen  costing  the  rock.  The  comparative  absence  of 
bones  in  this  chamber  may  perhaps  be  attributed  to  the  presence  of 
a  stream  of  water  running  for  some  time  through  this  branch  of  the 
cavern. 

9.  Chambers  D  and  E. — The  little  side  chamber,  D,  was  formed  by 
a  protruding  mass  of  rock  ;  it  consisted  of  a  hollow  in  the  rocky 
floor,  and  was  consequently  filled  up  with  a  greater  thickness  of  beds 
than  C.  This  was  also  the  case  with  Chamber  E;  the  narrow 
passage  leading  into  it  was  bare  of  any  deposits,  the  limestone  floor 
rising  to  the  surface  from  beneath  the  cave -earth  of  the  adjoining 
chamber.  In  both  chambers,  D  and  E,  we  found  at  least  8  feet  of 
cave-earth  and  red  sand  (fig,  7)  containing  bones  and  teeth ;  the 
surface-soil,  which  had  been  previously  examined,  had  yielded  some 
traces  of  occupation  by  man  in  Eoman  and  post-Koman  times. 

10.  Chamber  G. — The  small  opening  G,  on  the  right-hand  side  of 
the  cave,  was  filled  up  to  within  a  few  inches  of  the  roof.  The 
breccia  at  its  mouth  was  16  inches  thick  and  contained  bones; 
farther  in  it  decreased  to  about  2  inches ;  it  was  followed  by  the 
complete  sequence  of  beds,  viz.  cave-earth,  mottled  bed,  and  red 
sand ;  the  mottled  bed  died  out  at  about  10  feet  from  the  entrance 
of  the  aperture  (fig.  6).  A  considerable  number  of  bones  and 
teeth  were  found  in  this  chamber,  amongst  them  a  lower  jaw  of 
C  megaceros,  a  pelvis  of  the  Woolly  llhinoccros,  many  teeth  of  the 
same  animal  and  of  the  Hyaena  and  others,  some  large  bones  of  the 
Mammoth,  and  also  many  quartzite  implements,  as  well  as  the  second 
of  the  clay-ironstone  ones  already  mentioned. 

11.  Terminal  Figure. — At  the  extremity  of  Chamber  F  (fig,  5), 
Q.J.G.8.  No.  131.  2q 
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which  we  had  taken  to  be  the  end  of  the  Cave  in  that  direcbcm,  vc 
found,  on  digging  to  the  base  of  the  Bed-Sand  bed,  about  6  feet  bdiv 
tho  level  of  the  floor,  that  there  was  an  extension  of  the  cave  at  a  \omm 
level  (fig.  8,  Sect.  A) ;  this  was  nearly,  but  not  quite,   filled  to  tile 
roof  with  an  independent  deposit  of  red  sand  dipping*  down  into  ^ 
fissure  from  the  main  cave ;  its  upper  surface  was  very  smooth  and  fine, 
as  well  as  perfectly  dean ;  it  appeared  as  though  freshly  thrown  down 
by  water,  and  was  decidedly  bedded.     It  was  dug  into  to  &  dep&  eC 
3  feet  7  inches,  and  followed  up  for  about  10  feet,  iw'here  it  wis 
found  to  be  in  contact  with  the  roof.     As  no  bones  were  fbund  hen. 
it  was  not  thought  worth  while  to  pursue  it  any  forther.     Lov 
down  in  the  red  sand  of  Chamber  F,  at  the  mouth  of  this  fisrare,  a 
fragment  of  Mammoth  bone  was  obtained ;  but  no  other  resttias 
were  met  with  here.     We  consider  that  the  Eobin-Hood  Cave  i» 
now  practically  worked  out,  very  little  having  been  left  in  it  that 
bos  nut  been  carefully  searched. 

B.  The  Church  Hole. 

We  miist  now  turn  to  the  second  cave  to  be  described,  Tix.  the 
Church  Hole.  This  is  situated  on  the  opposite  side  of  the  rariae. 
and  faces  the  north  ;  its  mouth  is  14  feet  above  the  present  water- 
levol,  and  60  feet  from  the  summit  of  the  crags  above  it,  the  eniranop 
to  tho  cave  being  in  a  crag  40  feet  in  height.  The  Church  Hole  is 
mainly  a  long  straight  fissure  (fig.  9),  averaging  about  4  or  5  feet  is 
width,  and  running  horizontally  for  the  greater  pvt  of  its  length  in 
nearly  a  due  N.  and  S.  direction,  for  a  distance  of  155  feet.  At  thai 
point  it  rises  at  a  considerable  angle  for  another  41  feet,  where  it 
ends  in  a  mere  blocked-up  crack,  the  extremity  of  which,  we  believe, 
is  apparent  in  a  fissure  on  the  hill-top  dose  to  an  old  quarry.  This 
long  passage  was  covered  with  angular  and  partially  worn  fragments 
of  limestone,  mostly  small  and  fiat ;  there  were  also  a  good  numb^ 
of  quartz ito  pebbles,  and  many  recent  bones  brought  in  by  foxes. 
Tho  roof  of  the  fissure  was  verj'  low  in  several  places,  not  more  than 
one  foot  above  the  floor  at  one  point ;  but  at  intervals  there  were 
some  lofty  cracks  and  chimneys,  one  of  which  apparently  opens  into 
a  passage  overhead.  Besides  this  principal  portion  of  the  cave,  thCTe 
is  a  small  chamber  (B)  on  tho  right-hand  side  near  to  its  mouth,  and 
having  a  secondary  entrance  from  the  face  of  the  cliff  through  a 
nnrrow  fissure.  The  front  part  of  the  Church  Hole,  which  is  toler- 
ably wide,  appeared  to  have  been  used  at  a  recent  period  as  a  stable 
or  kind  of  bam ;  and  for  about  20  feet  from  the  doorway  we  had 
fixed  near  the  entrance  the  floor  had  been  partially  disturbed  and 
dug  into,  in  the  centre,  to  a  depth  of  some  3  or  4  feet ;  but  its  fossil 
contents  had  been,  at  any  rate  for  the  greater  part,  unnoticed  and 
unremoved  *.     Last  year,  whilst  the  digging  was  going  on  in  the 

*  K.B. — Since  the  exploration  of  these  caTems  commenced,  we  hare  heard 
that,  on  seTeral  occasions,  n  few  teeth  and  bonee  had  been  found  here  by  indi- 
tidiiaU,  bj  Mr.  Tebbet  amongst  others ;  but  no  attention  was  called  to  tbew 
rti»cOTeriet»  at  the  time. 
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Kobin-Hood  Cave,  the  upper  beds  of  the  fore  part  of  the  Churoh  Hole 
were  also  examined,  and  the  main  passage  (A),  up  to  a  wall  built 
across  the  narrow  part  of  the  fissure  25  feet  from  our  door,  was  dug 
up,  as  well  as  part  of  Chamber  B.  A  large  number  of  bones  and  t/oeth 
of  the  Woolly  Rhinoceros,  the  Mammoth,  the  Horse,  the  Eeindeer, 
the  Bison,  the  Brown  Bear,  and  the  Hysena  were  obtained,  the  teeth 
of  the  Sorse  being  particularly  abundant ;  and  no  fewer  than  27  tibi® 
and  18  femora,  as  well  as  other  parts  of  the  skeleton  of  the  Khino- 
ceres,  \irere  found  here.  Amongst  these  bones  there  were  also  a 
perfect  nlna  of  a  bear,  and  several  milk-teeth  of  the  Mammoth,  besides 
one  large  fourth  molar  which  Mr.  Heath  was  fortunate  enough  to 
find  near  the  old  wall :  this  measured  11  inches  in  length  by  9  inches 
in  height. 

1.  TTie  Talus. — When  we  resumed  work  this  year  we  began,  as 
we  had  done  at  the  Eobin-Hood  Cave,  by  making  an  examination  of 
the  talus   at  its   mouth  {hg,  10).     This  consisted  of   surface-soil 
a  few  inches  in  thickness ;  in  this,  on  the  left-hand  side,  close  to  the 
extreme  edge  of  the  entrance,  a  very  fine  and  perfect  bronze  fibula 
was  found ;  this  was  the  only  trace  of  Roman  civilization  found 
outside  the  cave.     Under  the  sTirf  ace-soil  was  a  bed  of  reddish  earth 
or  sand,  1  foot  7  inches  thick,  with  blocks  of  limestone  in  it.     This 
bed  contained  a  few  teeth  and  bones  of  the  Rhinoceros,  Bear,  Hysena, 
Badger,  Horse,  Reindeer,  and  Cervus  megaceros^  and  also  some  frag- 
ments of  the  lower  jaw  of  a  large  Wolf.   Below  the  red  bed  was  one  of 
white  calcareous  sand  containing  a  black  layer,  probably  of  oxide  of 
manganese ;  in  this  we  found  no  bones. 

2.  Deposits  in  Interior. — Our  first  work  in  the  interior  of  the  cave 
was  to  clear  out  all  the  front  part  as  far  as  the  wall  already  men- 
tioned, so  as  to  get  a  good  road  for  the  barrows,  and  al^o  to  make  a 
complete  section  of  the  various  beds.  Beneath  the  previously 
examined  material,  undisturbed  red  sand  was  found,  containing 
various  bones  and  teeth,  but  nothing  of  great  importance.  Close  to 
the  wall  in  the  long  passage  (A)  the  total  thidmess  of  the  floor- 
deposits  was 'about  9  feet,  gradually  narrowing  downwards,  the 
bottx)m  of  the  cave  being  a  mere  fissure  about  1  foot  wide.  A  very 
complete  section  was  obtained  at  this  point,  all  the  beds  of  this 
cave  being  well  developed  here  (fig.  11).  It  will  be  noticed  that 
they  are  almost  identical  in  general  character  and  arrangement  with 
those  already  described  in  the  Robin-Hood  Cave,  and  were  doubtless 
deposited  at  the  same  period  and  under  similar  circumstances. 

3.  The  Breccia. — We  have  first  a  stalagmitic  breccia  (1),  averaging 
1  ioot  in  thickness.  At  one  or  two  places  in  Chamber  A  this  breccia 
was  as  much  as  5  feet  thick ;  but  it  only  attained  that  thickness 
close  to  the  side  of  the  cave,  and  it  was  then  mostly  of  a  very  open 
character,  having  numerous  cavities  in  it  filled  with  stalactites 
(figs.  12,  13).  There  was  evidently  at  some  former  time  a  con- 
siderable amount  of  breccia  in  the  front  part  of  the  cavern,  although 
ttow  nothing  remains  of  it  but  masses  of  stalagmite  projecting  here 
^ivd  there  from  the  sides.  At  about  31  feet  from  the  door,  where- 
Action  11.  (fig.  11)  was  taken,  the  upper  part  of  the  breccia  was 

2q2 
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composed  of  dark>brown  earth  with  blocks  of  limeetone  in  it,  firah 
cemented  together  by  stalagmite ;  the  lower  portion  was  of  a  tolter 
texture,  and  passed  gradually  into  the  next  bed. 

The  breccia  contained  a  good  many  fragments  of  charcoal,  together 
with  worked  flints  and  teeth  of  Hycena  &c.,  with  nnmeroiis  bonw  d 
the  Hare  and  of  some  other  animals. 

4.  The  Cave-Earth. — The  cave-^arth  of  this  cavern,  where  de- 
veloped to  its  fullest  extent,  was  found  to  consist  of  three  dirisioBs. 
the  uppermost,  1  foot  thick,  being  a  reddish  loamy  earth  (No.  2)  with 
fragments  of  charcoal,  and  in  one  place  a  layer  of  the  same,  ffist 
im^ements,  a  fragment  of  ruddle,  and  bones  &c.  of  the  Hare,  Bra- 
deer,  and  Hysena.  This  dark  bed  was  only  found  for  a  short  dis- 
tance ;  at  42  feet  from  the  door  it  had  disappeared ;  and  here  also 
the  breccia  was  absent,  except  at  the  sides  of  the  cave.  A  thin  cm^ 
of  stalagmite  formed  the  surface. 

A  bed  of  lighter  earth  (No.  3)  succeeded  the  red  bed,  and  was 
present  everywhere  in  the  cave,  varying  in  thickness  finom  1  foot  to  2 
feet.  The  usual  bones  and  teeth  of  the  Pldstocene  Mammalia, 
including  the  Bear,  Wolf,  Woolly  Rhinoceros,  and  Eeindeer,  were 
found  in  the  cave-earth.  In  one  place,  6  inches  below  the  stalagmiti^ 
crust,  a  ramus  of  the  lower  jaw  of  the  Hysena,  with  its  condyle  and 
coronoid  process  intact,  occurred ;  and  near  to  it,  under  a  large  block 
of  stone,  were  found  part  of  the  lower  jaw  of  Certms  megaeeros  and  a 
fine  quartzite  flake ;  fragments  of  charcoal  were  in  contact  with  aO 
these  specimens. 

The  cave-earth  here  was  only  1  foot  thick.  Somewhat  farther  in 
the  cavern,  beneath  2  inches  of  breccia,  a  small  circular  bronie 
brooch  was  found ;  and  not  far  from  this  point  a  small  ivory  counter 
or  ornament,  presumably  of  Boman  or  Komano-BritiBh  workman- 
ship, was  dug  up  close  to  the  surface. 

5.  The  Mottled  Bed, — The  next  bed  we  come  to  is  a  mottled  one, 
very  similar  to  that  which  has  been  described  in  connexion  with  the 
Robin-Hood  Cave, — a  bed  of  reddish  cave-earth  remarkably  mottled 
with  small  angular  fragments  of  very  friable  cream-coloured  lime- 
stone, which  at  once  suggested  to  us  visions  of  almond-cake  on  a 
large  scale.  At  about  50  feet  from  the  door  this  bed  was  subdivided 
(fig.  13) — an  upper  layer  with  a  brown  matrix  (No.  4  a),  9  inches 
thick,  resting  on  the  red  bed  (No.  4  6),  which  here  was  3  feet 
in  thickness.  VV^e  found  this  to  continue  for  a  short  distance  only, 
when  the  mottled  bed  resumed  its  normal  character  (j^^.  14). 
Bones,  teeth,  and  implements,  especially  those  of  quartnte,  were 
niunerouH  in  this  mottled  bed ;  amongst  them  were  the  pelvis  of 
Rhinoceros  ttchorhinus,  the  scapula  of  the  Mammoth,  and  teeth  of 
Hyaena,  Wolf,  Bear,  Rhinoceros,  Horse,  and  Hare.  In  it  also  two 
or  three  fine  bone  implements  were  found,  a  perfect  bone  needle, 
some  awls,  and  a  kind  of  gouge — the  awls  being  made  from  Hare- 
bones,  the  gouge  from  Reindeer-antler.  The  majority  of  the  imple- 
ments of  stone  were  quartzite  flakes  and  hammers ;  but  there  were 
also  found  with  these  some  flint  flakes  and  chips.  The  mottled  bed 
was  absent  at  the  far  end  of  Chamber  A,  at  120  feet  from  the  door, 
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^where  the  upper  cave-earth  (No.  3)  was  immediately  succeeded  hy  a 
bed  of  red  sandy  earth  (fig.  15). 

6.  The  Bed  Sand, — ^This  red  sand  (No.  5)  was  present  everywhere 
in  the  cavern,  helow  the  previously  described  beds ;  it  averaged  from 
3  feet  to  4  feet  in  thickness,  and  contained  many  bones  and  teeth  of 
various  animals,  amongst  them  those  of  the  Hyeena,  Wolf,  Bear, 
M.  tichorhinits,  Ifammoth,  Horse,  Bison,  Reindeer,  &c.  One  frag- 
ment of  Khinoceros-jaw  consisted  of  the  anterior  portion  of  both 
rami,  with  two  premolars  in  situ  on  either  side ;  there  was  also  a 
nearly  perfect  lower  jaw  of  the  Hyaena,  one  incisor  alone  being 
absent.  A  few  quartzite  implements  were  found  in  the  red  i(and« 
and  also  a  fragment  of  a  bone  which  has  some  scratches,  apparently 
made  by  a  flint. 

This  bed,  at  a  depth  of  about  8  feet  from  the  surface,  was  not 
above  one  foot  wide,  the  cave  at  that  depth  being  contracted  to  a 
mere  fissure,  the  lowermost  stratum  consisting  merely  of  the  decom- 
posed limestone  rock,  forming  a  non-fossiliferous  bed  of  white  sand 
similar  to  the  corresponding  bed  in  the  Robin-Hood  Cave. 

At  about  120  feet  from  the  door  a  small  fissure  was  found  opening 
out  of  Chamber  A  to  the  right,  below  the  original  level  of  the  floor. 
As  in  the  case  of  the  fissure  at  the  extremity  of  Chamber  F  in  the 
Robin-Hood  Cave,  this  was  filled  with  red  sand  nearly  but  not  quite 
in  contact  with  the  roof.  The  surface  of  the  sand  was  also  dry  and 
powdery,  and  it  was  destitute  of  fossil  contents.  The  digging  has 
not  been  carried  on  beyond  this  point  in  Chamber  A,  the  few 
remaining  feet  giving  little  promise  of  having  any  thing  of  sufficient 
value  to  repay  the  work  of  exploration. 

7.  Chamber  B. — Turning  to  Chamber  B,  which  opens  out  from 
the  main  chamber  of  the  cavern  near  the  entrance,  a  few  words  will 
suffice  to  describe  its  contents.  The  greater  portion  of  it  was 
examined  in  1875,  and  similar  remains  of  the  Mammalia  obtained 
from  this  floor  to  those  found  in  the  main  passage.  At  the  back  of 
Chamber  B  a  fissure  was  found,  running  parallel  to  Chamber  A ;  the 
entrance  to  this  was  blocked  up  by  a  mass  of  stalagmitic  breccia, 
5  feet  thick,  containing  bones  and  teeth  of  22.  ticTwrhinus  and  of 
other  animals  (fig.  16).  Below  this  we  found  a  bed  of  red 
sand,  filling  a  narrow  but  deep  pothole-like  fissure,  running  ap- 
parently in  two  directions,  viz.  8.  and  W.  This  fissure  was  not  above 
1  foot  wide,  but  was  at  least  11  feet  deep  from  the  top  of  the 
breccia.  The  sand  contained  the  bones  and  teeth  of  Mammoth, 
Horse,  Bison,  Rhinoceros,  &o.  Very  few  bones,  however,  were 
found  in  its  lower  portion  ;  and  it  was  not  thought  worth  while  to 
dig  it  out  completely. 

Condusion, 

The  Church  Hole,  as  well  as  the  Robin-Hood  Cave,  may  now  be 
considered  to  have  been  worked  out  sufficiently  for  all  practical 
purposes.  A  detailed  account  of  the  valuable  remains  found  in  them 
will  be  given,  as  has  been  stated,  in  the  accompanying  paper  by 
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Prof.  W.  Boyd  Dawkins ;  so  that  they  need  not  be  dwelt  upon 
any  greater  length  here.  I 

It  will  be  seen  that  the  exploration  of  the  three  principal  cares  ol 
Creswell  Crags  has  made  it  manifest : — that  during  the  FletstoccDa 
period  Derbyshire  and  the  adjoining  counties  were  inhabited  by  • 
very  numerous  and  diyersified  fauna ;  that  in  the  yast  forests  as^ 
pastures  which  we  may  picture  to  ourselves  as  extending  in  aa^ 
unbroken  line  far  to  the  east  and  south  of  the  present  shores  o| 
England,  the  Mammoth  and  the  Woolly  Khinoceros,  the  Hi^ 
potamus  (which  has  been  found  in  Yorkshire),  the  great  Irish 
the  Eeindeer,  the  Bison,  and  the  Horse  found  a  congenial  home| 
that  here  also  the  savage  Hyaena,  the  crafty  Glutton,  the  Bear, 
lion,  the  Wolf,  and  the  Fox,  together  with  the  great  sabre-tootJM 
Feline,  sought  their  prey;   and  that,  with  these  and  othera 
named,  man  lived  and  hunted,  and  waged  a  more  or  less  pi 
struggle  for  existence,  finding  a  shelter,  amidst  the  vicissitodes  of 
varying  climate,  in  the  numerous  caves  of  the  district,  already  th 
haunts  of  the  HysBua  and  its  companions. 

{Far  the  Discussion  on  this  paper,  see  p,  611.) 
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Fig.  11. 

31  ft.  from  Gate  (Jane  22). 
ft.  in.  , — — ^'=*-».— « 


•ticsa). 


^^ 


tical ). 


Stalaemitio  breccia,  with  char- 
ooaC  worked  flints,  and  bones. 
Beddish  cave-earth,  with  char- 
coal fragments,  lajer  of  ditto, 
flint  implements,  bones,  and 
blocks  of  limestone. 
Lighter  cave-earth,  with  similar 
I     remains. 
Mottled  cave-eartii,  more  sand  J 
and  mottled,  with  small  angu- 
)     lar  fragments  of  fnable  lime- 
-^     stone ;  qnartzite  and  flint-im- 
plements, and  bones. 
I  Light-reddish     sandy    earth; 

bones,  but  no  implements. 
'  White  caloareoos  sand  uid  rook. 


14. 


1  Fig. 

71  ft.  from  Gate  (Jolj  13). 
lin.  la  I 


2ft. 


^   ^^!?l£ 


4ft 


■ 

'  .*  ••• . 

■2P 

6 

n0r 

■  Stalagmitio  film. 
iCave-earth;  few  bones. 
Mottled  bed ;  few  bones,  a  bone 

implement. 
Red  sand;  bones  numerous. 
^Vhite    calcareous    sand    and 
I  rook  ;  no  bones. 


Fig.  12. 

About  43  ft.  from  Gkkte  (June  24.) 


1ft. 


Sft. 


Sft.P 


I.  Nearlj  absent. 

3.  Cave-earth,  with  loose  brecda 

lining  nght»ide  of  cave:  char- 
coal, bones,  and  implements. 

4.  Mottled  bed;  bones,  and  imple- 

ments of  stone,  flint,  and  bone. 

5.  Bed  sand;  bones  &o. 


Fig.  13. 


About  60  ft.  from  Gate  (June  26). 
.ft.  in. 


la.  8urfiu)e-8oil  and  stalagmite,  2-3  in. 
16.  Open  breccia,  with  stalactites, 

lining  left  side  of  cave. 
3.  Cave-earth. 
4a.  Brown  mottled  bed. 
46.  Bed  mottled  bed. 
6.  Bed  sand. 
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32.  On  the  Mammal-fauna  of  the  Caves  of  Creswell  Crags.  By 
Prof.  W.  Boyd  Dawkiws,  Esq.,  M.A.,  F.R.S.,  F.G.S.,  F.S.A., 
Professor  of  Geology  and  PalsBontology  in  the  Owens  College. 
(Read  April  11, 1877.) 

OOHTINTS, 

I.  Introduetion. 
n.  The  fauna  of  the  Bobin  Hood  Oato. 

A.  Distribution  of  Pleistocene  Species. 

B.  PakBolithic  Man. 

C.  Camivora. 

D.  Ariiodactyla,  Periasodactyla,  Proboseidea,  and  Rodent ia. 
S.  Remains  of  Historic  and  Prehistoric  (?)  Age. 

m.  The  Fauna  of  the  Ohurch-Hole  Gave. 

A.  Difltribation  of  Pleistocene  Spedes. 

B.  PalflBolithic  Man. 

C.  Historic  Bemains. 

D.  Bobin-Hood  and  Church-Hole  Caves  occupied  by  British  Welsh  Re- 

fugees. 
IV.  Condition  of  Fossil  remains  in  Creswell  Caves. 
y.  General  Conclusions  as  to  Pleistocene  Fauna. 

A-  No  Cave-fauna  proved  to  be  Pre-  or  Interglacial. 

B.  No  proof  of  Pre-  or  Interglacial  Oave-Man  in  Britain. 

O.  The  PalfDolithic  Man  of  Creswell  of  late  Pleistocene  age. 

I.  Introduction. 

The  exploration  of  the  caves  of  Creswell  Crags  carried  on  by  the 
Rev.  J.  M.  Mello,  F.G.S.,  in  1875,  and  brought  before  the  Society  in 
that  and  the  following  year,  was  finally  concluded  last  summer ;  and 
the  results  have  been  handed  over  to  me,  by  the  Committee,  for  de- 
scription— a  task  of  no  little  difficulty,  from  the  vast  numbers  of  the 
fossil  remaiuB  which  have  been  discovered*.  The  results  are  of 
considerable  importance,  not  merely  because  they  confirm  the  con- 
dusiona  which  were  arrived  at  from  the  previous  explorations,  but 
because  they  add  new  facts  to  the  history  of  palaeolithic  man  in 
Britain.  In  dealing  with  these  the  Hobin-Hood  Cave  will  be  taken 
first ;  and  then  I  shall  check  the  evidence  which  it  offers  by  that 
fiiniished  by  the  cavern  on  the  other  side  of  the  ravine  of  Creswell 
Crags  known  as  the  Church  Hole.  It  must,  however  be  remarked 
that  the  history  of  both  these  caverns  is  rendered  imperfect  from  the 
promiscuous  diggings  carried  on  by  imauthorized  persons,  the  results 
of  which  have  not  been  brought  before  the  Committee. 

*  Our  method  of  work  was  to  put  up  into  calico  bags,  properly  labelled,  the 
f8»ults  of  the  labours  of  each  day ;  and  these  were,  from  time  to  time,  sent  off 
n>  hampers  to  Owens  College,  where  they  were  spread  out,  cleaned,  gelatinized, 
*^d  arranged,  each  date,  corresponding  with  the  dav's  work,  being  marked  on 
|he  plan.  This  was  continued  until,  in  six  weeks,  tne  caves  were  worked  out  aa 
»*'  as  we  cared  to  pursue  them. 
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11.  The  Robin-Hood  Catk. 
A.  Distribution  of  Species  in  the  Lower  tmd  Middle  Strata, 

In  the  desooption  of  the  remainB  from  the  Bobin-Hood  Care  in 
this  Journal  (August  1876,  p.  245),  attention  was  drawn  to  the  fact 
that  the  cave  was  inhabited  by  hycenas  during  the  time  of  the  depo- 
sition of  the  red  sand  below,  the  cave-earth,  and  the  breocia  above, 
and  that  no  traces  of  man  were  found  below  the  cave-earth.  The 
late  exploration  confirms  the  hyaena-occupation ;  but  it  proves  also 
that  man  was  living  in  the  neighbourhood  at  the  time  when  the  red 
sands  and  clays  were  being  deposited  on  the  unfossilif erous  grey  sand 
which  covered  the  rocky  floor  (see  preceding  sections). 

The  breccia  of  the  previous  exploration  turned  out  to  be  a  mere 
local  deposit,  which  was  represented  in  other  parts  of  the  cave  by 
the  upper  strata  of  cave-earth.  Consequently,  in  the  following  li*b 
of  the  vertical  range  of  the  animals  in  the  cave,  I  have  classified  it 
with  the  cave-earth,  with  which  also  is  included  the  mottled  stratum 
noted  in  Mr.  MoUo's  sections,  which  does  not  seem  to  me  to  difier  in 
any  important  degree  from  the  cave-earth.  The  specimens  fmai  the 
superficial  deposits  above  the  stalagmite  will  be  reserved  for  separate 
treatment. 

The  following  Table  shows  the  distribution  of  the  animals  in  the 
Plebtocene  strata. 

Pleistocene  Fauna  of  Bobin-ffood  Cave,  1876. 


ii 


111 


ill 


I 


UAXiiHomo)  1040 

Macfiairoduslatideiu.,,., 
Lion  (Tar.  Felis  spelaa)   \     10 

Wi\dCAt(F.  oatus)  

hdop&rd  (^.  pardus) >       1 

Spotted  Hyena  (var.  H.\ 

spelaa) '  928 

Yox  i  Cants  vulpe9)    ! 

Yfo\S{C.Utpus) I 

Bear    

Reindeer  (  C  tatandus) . . 
Irish  Elk  (C.  megaceros) 
Bison  (Tar.  Bison  prisons) 
Hone  (Eguus  calmltui)... 
Woolly  Rhinooeros   (E. 


1—1— |- 

I 


tichorhiniis)..... 
Mammoth  (Elephas  pri- 

migenius) 

"Rmre  (Lepus  timidns)  ... 


121 
61 
78 

473 
18 
20 

550 


357 

58 
52 


Totals 3766 


Bed  sand  and 
day. 


Breocia  and  caTe-«aHh. 


i&^ 


'  4  32     4 

•9'  4'  ... 


20,  12 

11 

22|  25 

3  ... 

i 

2  2 

..  1 


156 


||J< 


I 


780 
27 
28 
39 

180 

7 

10 

490 

250 
46 


8 

i 

59 

51 

32 

37 

260 

"9 
10 

104 

3 
51 


1032 


I 


1032; 

1' 

10, 

h 

108. 
61 
78 

4411 
1^ 
19 

6OI; 


51 


361C 


From  this  Table  it  is  evident  that  the  animals  were,  on  the  whole, 
"•"*  rare  during  the  deposit  of  the  red  sand  below  than  during  the 
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time  of  the  accumulatioii  above  it,  the  proportion  of  remainB  in  each 
being  as  156 :  3610. 

The  remains  of  the  animals  were  also,  on  the  whole,  more  perfect 
in  the  red  sand  than  in  the  caye-earth,  and  not  so  much  gnawed  by 
the  hysenas. 

We  may  also  observe  that  here,  as  in  Wookey  Hole,  hyaenas,  rhi- 
noceroses, horses,  and  reindeer  are  most  abundant  among  the  lower 
fmiTnp.1a  ;  while  the  traces  of  man,  represented  mainly  by  flint  and 
qnartQ.te  implements,  being  practically  indestructible,  sUmd  at  the 
head  of  the  list. 

B.  PalceolUhic  Man. 

The  implements  and  ornaments  left  behind  by  palsBolithic  man 
amount  to  a  number  of  no  less  than  1040,  all  of  which,  with  the  ex- 
ception of  a  few  of  the  trimmed  flakes  and  the  incised  figure  of  a  horse 
engraved  on  a  fragment  of  rib,  are  of  the  simplest  forms,  and  of  the  types 
which  I  have  already  described  in  my  former  paper.     The  conclusion 
thus  arrived  at,  that  the  rude  implements  of  quartzite  were  used  by 
the  hunters  before  the  more  carefully  finished  implements  of  flint, 
is  thoroughly  borne  out  by  this  exploration ;  for  although  the  absence 
of  the  hreccia  in  which  most  of  the  more  finely  worked  implements 
were  met  veith  in  1875  rendered  the  definition  of  the  horizon  of  fiint 
from  that  of  the  quartzite  less  distinct  than  before,  we  observed  that, 
on  the  whole,  the  flints  were  found  in  the  upper  part  of  the  cave- 
earth,  while  the  quartzite  implements  were  mamly  found  in  the  lower 
portion.     The  latter  also  ranged  downwards,  as  may  be  seen  from 
the  following  Table,  into  the  lower  red  sand  and  clay,  while  the 
former  did  not. 

DistnbtUum  of  Traces  of  PdUxoliihic  Man  in  Rohin-Hood  Cave,  1876. 

Lower  red  sand  Breccia  and 

and  day.  oaye-earth. 

Incised  figure  of  Horse  (fig.  1) 1 

Bone  awl     1 

Pointed  antler-tips 43 

Incised  bone    1 

Flint  flakes,  simple 143 

Simple  scrapers 6 

Double  scraper    1 

Lanceolate  trimmed  flakes 3 

Oval  trimmed  flakes    4 

Rakes  worn  to  bevelled  edge  (see 

Q.  J.G.8.1876,figs.9,10,p.253)         8 

Chipping-block    1 

Splinters 296 

Oval  ironstone  implement  (fig.  2) 2 

Ironstone  fragments   2 

Quartzite  round  stones 6  48 

„      choppers 8 

,)      hammer  stones    19 

,)      scrapers 3 

„      chips    3  442 

Total 8  1032 

Digitized  by  VjOOQIC 


592  W.  BOTD   DAWKINB   OV   THB  XAMJCAL-PAITKA 

Fig.  1. — Indaedjigure  of  Hone,  |. 


The  most  important  discoTory  of  the  handiwork  of  man  is  the  head 
and  fore  quarters  of  a  horse  (fig.  1)  incised  on  a  smoothed  and 
rounded  fragment  of  rih,  cut  short  off  at  one  end  and  broken  at  ^e 
other.  On  the  flat  side  the  head  is  represented  with  the  nostrils  and 
mouth  and  neck  carefully  drawn.  A  series  of  fine  oblique  linos  show 
that  the  animal  was  hog-maned.  They  stop  at  the  bend  of  the  back, 
which  is  very  correctly  drawn.  Indeed  the  whole  is  very  well  done 
and  is  evidently  a  sketch  from  the  life.  As  is  usually  tifie  case,  the 
feet  are  not  represented. 

On  comparing  this  engraving  with  those  of  horses  frx)m  the  caves 
of  P^rigord  ♦  and  from  the  recently  described  cave  of  the  Kesslerlochf, 
near  Thayingen,  in  Switzerland,  the  identity  of  style  renders  the 
conclusion  tolerably  certain  that  the  palaeoliUiic  hunters  who  ooca.- 
pied  the  Creswell  cave  during  the  accumulation  of  the  upper  part  of 
the  cave-earth  were  the  same  as  those  who  hunted  the  Reindeer 
and  Horse  in  Switzerland  and  the  south  of  France. 

A  bone  awl  was  also  found,  composed  of  the  metacarpal  of  a  Rein- 
deer, and  carefully  rounded  and  smoothed ;  it  had  been  broken  into 
three  pieces  before  it  was  thrown  away.  By  a  fortunate  chance  I 
found  two  out  of  the  three  fragments. 

The  pointed  antlers  may  have  been  used  by  man ;  but  they  may 
also  be  the  result  of  the  action  of  carbonic  acid  in  wearing  away 
the  bruised  surfaces,  as  we  shall  presently  see. 

Of  the  flint  implements  it  is  only  necessary  to  say  that  they  are 
all  of  the  t}'pe8  which  I  have  described,  with  two  exceptions,  the  one 
being  an  oval  trimmed  flake,  and  the  other  a  double  scraper  of  the 
same  form  as  those  of  the  caves  of  Southern  France  and  of  the 
Kesslerloch. 

The  quartzite  implements  are  of  the  forms  already  described ;  and 
of  those  made  of  clay  iron-stone,  only  one  demands  special  notice. 
It  is  a  small  oval  implement  of  the  St.-Acheul  and  Moustier  type, 
blunt  at  the  base  and  tapering  to  a  rounded  point  (fig.  2). 

The  numerous  split  quartzite  pebbles  are  of  the  same  sort  as  those 
recently  described  by  Captain  Jones,  U.S.A.,  as  being  in  use  among 
the  American  Indians  of  Wyoming.  He  writes,  **  Certain  articles  a£ 
a  very  rude  character  are  still  in  use  to  some  extent  among  our 
western  Indians,  and  even  in  the  case  of  such  tribes  as  have  now 

*  Reliquife  Aquitanice. 

t  See  *  Bzoavations  at  the  Keeslerloch  Caye,  near  Thayingen.*  By  Coniad 
Merk.    Translated  by  J.  E.  Lee.    Longmans,  1876. 
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entirely  discarded  the  implements  of  stone  and  bone,  relics  of  such 
materials  are  not  uncommonly  found  in  graves  which  cannot  be  re- 
garded as  ancient.  The  Shoshones,  though  mostly  provided  with 
tools  of  iron  and  steel  of  approved  patterns,  are  still  to  be  seen  em- 
ploying as  a  scraper  in  the  dressing  of  skins  a  mere  *  teshoa,'  con- 
sisting of  a  small  worn  boulder,  thinner  at  one  end,  split  through 
the  middle  in  such  a  manner  as  to  furnish  a  rough  cutting-edge  at 
one  side.  There  seems  to  be  a  considerable  advantage  in  this  over  any 
form  of  knife  or  other  tool  which  has  yet  reached  them  from  without ; 
and  it  is  probable  that  it  will  be  retained  so  long  as  their  present 
method  of  preparing  hides  is  in  vogue "  *.  Probably  those  of  the 
Bobin-Hood  Cave  were  put  to  the  same  use. 

A  fragment  of  ''  red  raddle  "  from  the  cave-earth  had  probably 
been  used  for  painting. 

The  large  number  of  splinters  in  the  cave  proves  that  it  was  used 
by  the  hunters  as  a  place  of  resort  for  a  considerable  time,  and  that 
they  brought  the  raw  material  along  with  them,  and  made  their 
cutting-tools  as  they  were  wanted,  on  the  spot.  The  numerous 
broken  bones  prove  that  they  were  in  the  habit  of  breaking  bones 
^OT  the  sake  of  the  marrow,  after  the  fashion  of  many  savage  tribes 

*  •  Beconnaissanoe  of  North-western  WyomiDg/  by  W.  A.  Jones,  p.  261. 
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at  the  present  day*.  The  obtusely  pointed  qaartzit<e  choppen 
would  be  admirably  adapted  for  that  purpose.  Fragments  of  ehareoil 
and  calcined  bone  show  also  that  the  game  was  roasted  inside  ^ 
cave. 


Fig.  3. 


C.  Order  Camivora, 

Maehairodus, — The  discovery  of  the  incised  drawing  of  a  paleo- 
lithic Horse  is  rivalled  in  value  by  that  of  the 
rare  animal  Maehairodus  (fig.  3)  in  the  same 
stratum  at  a  short  distance  away.  On  July  3, 
while  I  happened  to  be  superintending  the  work, 
one  of  our  men  dug  out,  before  my  eyes,  the 
crown  of  a  fine  upper  canine  quite  perfect.  It 
lay  about  one  foot  below  the  stalagmite  in  the 
cave-earth ;  and  in  association  with  it  were  a  fine 
flint  flake  and  remains  of  Bear,  Woolly  Ehino- 
ceros,  Beindeer,  Horse,  and  Mammoth. 

The  length  of  the  crown  measures  2*6  inches  as 
compared  with  specimens  of  the  same  tooth  from 
other  localities ;  and  it  is  of  the  same  broad  form 
as  those  from  Kent's  Hole  and  that  which  I  ex- 
amined in  1873  in  the  Museum  of  Lyons,  which 
was  discovered  at  Chagny,  near  Bijon,  in  associa- 
tion with  the  Horse,  Beaver,  Mastodon  arver- 
nensis^  Ursus  etrusctis^  Hyama  antiqtta  (?),  and 
three  species  of  Cervus,  The  base  of  the  crown 
measures  1*25,  while  the  tape  measurement  from 
the  base  of  the  fang  to  the  much-worn  stump  of 
the  crown,  is  4*2  inches.  This  specimen  is  of  peculiar 
value,  because  it  proves  that  the  MaehairodiiS  laH- 
dens  is  a  variety  or  species  that  lived  in  France  ^ppcpcixiineof  Jf*- 
in  the  Pliocene  age  t.  Taken  in  connexion  with  ^^^^^^^f^ 
similar  discoveries  in  Kent* s  Hole,  the  Creswell  ^' 

example  implies  that  the  Maehairodus  was  a  survival  from  ih» 
Pliocene  into  the  Pleistocene  age,  like  the  Bhinoeeros  hemiUethus,  the 
Horse,  and  the  Elephas  antiquus,  and  into  that  later  stage  which  is 
marked  by  the  presence  of  large  herds  of  Beindeer  in  this  country. 
The  tooth  was  probably  introduced  into  the  cave  by  the  band  of 
man,  since  it  is  broken  short  off  by  a  sharp  blow,  and  is  witkont 
marks  of  the  teeth  of  hyaenas ;  a  few  scratches  at  its  base  may  have 
been  made  by  a  flint  flake.  Its  singular  shape  and  sharp,  serrated 
outting-edges  would  certainly  strike  the  fancy  of  any  rode  hnntsman 
who  might  be  fortunate  enough  to  meet  with  the  carcass  or  skeleton  of 


*  Dr.  Sohweinfurt  remarks  that,  on  his  jouraey  to  the  Niam-Niam,  "the halt- 
ing>pIaoes  of  a  former  caraTan  were  covered  hj  heape  of  broken  bonee."— Vol  i, 

T  I  take  this  opportunity  of  thanking  Dr.  Lortet,  the  Director  of  the  Geolo* 
ffioal  Muaemn  in  the  Palain  dee  Beaux  Arte,  at  Lyons,  for  giving  me  every 
raoility  for  worinng  in  1873  at  the  fossil  mammals  under  his  care. 
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its  possessor,  or  who  might  have  had  the  rare  lack  to  kill  so  f  onnidahle 
an  aniinal.  Indeed,  that  this  tooth  attracted  attention  in  ancient 
times,  we  have  evidence  in  a  specimen  in  the  Museum  at 
Florence,  found  in  an  Etruscan  tomh,  and  which  may  be 
fairly  taken  to  be  the  earliest  example  of  fossil-collecting  within 
the  historic  period.  It  was  derived  from  the  Pliocene  of  the 
Val  d'Amo.  Whether,  however,  the  Creewell  tooth  was  collected 
or  not,  its  mineral  condition  agreeing  with  that  of  the  other  associ- 
ated teeth  forbids  the  supposition  that  it  was  obtained  from  the 
Forest-bed,  or  from  any  Pliocene  strata  on  the  Continent,  in  which 
the  remains,  so  far  as  I  have  yet  seen,  are  in  a  totally  different  state 
of  preservation  and  of  a  different  colour.  As  the  evidence  stands, 
it  is  in  favour  of  the  animal  having  been  a  contemporary  of  man  in 
the  neighbourhood. 

The  Lion  (Felis  spelaea). — A  canine,  a  lower  true  molar,  a  gnawed 
tibia,  and  8  bones  of  the  feet,  belong  to  the  Lion.  The  following 
measurements  of  metatarsal  bones  compared  with  those  given  by  Mr. 
Sanford  and  myself  in  the  monograph  on  Felis  spdcea  (Palseont.  Soc. 
part  I,  p.  25)  imply  that  the  anim^  was  intermediate,  in  point  of 
size,  between  the  large  variety  of  the  caves  and  the  smaller  form 
now  prevailing  in  Africa  and  India. 


ComjHirative  MeasuremenU  of  Metatarsal  3  of  Lion* 


•1  < 


1.  Maximum  length 

2.  Minimum  circumference 

3  Transverse  measurement  of  proximal  articulation 
4.  Vertical 

6.  Transverse  measurement  of  diatal  articulation 
tt.  Vertical  »,  .,  „ 


50 

1*95 

098 

1-3 

0-8 

1*3 


2      2 
I   •  §  - 

_r  *  --*  S 


|S 


6*94 
2-66 
1-27 

0.86 
1-80 


IS 


I  IN 


5-40 

2-20 

1-05 

1-37 

0-9 

1-8 


4-08  4-66 
1-45  1-72 
Qfi{\  0-63 
078  1-00 


0-6d 
1-37 


0-86 
1' 


The  Leopard  (F.  pardus). — One  ectocnneif  orm  f  rom  the  cave-earth 
is  undistinguishahle  from  that  of  a  Leopard.  It  is  far  too  large  to 
be  identified  with  any  of  the  smaller  Pleistocene  felines,  and  too 
small  to  match  with  that  of  any  of  the  fossil  or  recent  Lions,  as  may 
he  seen  hy  comparing  the  measurements  below  with  those  in  parti, 
p.  18,  of  'British  Pleistocene  Mammalia'  (Paloeont.  Soc). 

inch. 

Antero-posterior  length     0-42 

Circumference    1'5 

Transverse  measurement  of  proximal  articulation  . .  0*48 
Vertical  „  „  ,,  •  •  •  0-65 
Vertical  measurement  of  distal  articulation     0*6 
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The  Wild  Cat  (Felis  catus  ferufl).  Three  lower  jawB  from  the 
Cave-earth  tfnd  one  from  the  stratom  above  the  stalagmite  beloo^ 
to  the  Wild  Cat.  One  is  remarkable  for  its  massive  character  and 
large  size,  in  which  points  it  far  surpasses  any  of  the  recent 
Wild  Cat's  with  which  I  have  had  the  opportunity  of  comparing  it 
The  thickening  of  the  inner  alveolar  border,  and  the  implantAtion 
of  the  molar  series  in  the  outer  edge,  prove  that  this  feline  does  not 
belong  to  the  FeUs  caffer  described  by  Mr.  Sanford  and  myself  in 
the  PalsBontographical  Society's  Memoirs  (^  British  Pleistocene  Mam- 
malia," part  iv.  p.  121).  The  rest  are  also  larger  t^ian  the  recent 
Wild  Cat's,  as  may  be  seen  by  the  following  TaUe  of  measurements 
(in  inches) : — 


¥ 

1 


at 

n 


I 


lil| 


u 


Hi 


Log 


5?; 


Length  of  jaw 

TraniBTene  measurement  of  proximal  articulation 

Height  of  coronary  process    

Length  of  molar  series  

M.I.  Length    

„     Posterior  transverse  diameter 

„      Anterior  transverse  diameter 

„      Height  

Pm.4.  Length 

„       TransTerse  diameter  

„       Height 

Pm.3.  Length 

„       Transverse  diameter  

„       Height 

Depth  of  jaw  at  M.  1,  internal 

Thickness 


Depth  at  Pm.4    

Circumference  at  diastema 


2-86 
0-65 
1-3 
0-97' 0-82 
0-38  0-3 
015  015 

0  14  0  14 
0-25  0-225 
0-35  0-28 
015  0125 
0-2    0-2 
0-25  0-24 

01  012 
018|  018 
0-5C|  ... 
0-25  ... 
0-55'  ... 
135     ... 


0^ 
0-35 


2-22 
0-52 
0-98 
0-78, 
0-3 


016  0  12 
0151 0-11 
0-23  0-181 
0-33!0-27 
0-15,0111 
0-21  0-18 
0-25;  0-22, 
014  01 
01810-15 
0-49j0-4 
0-24  0-2 
•49,0-4 
...    0-9 


0-82 
0-32 
0-14 
013 

0-28 


074 

an 

O-IM 
0^ 


0-201 020 
0-10  OlO 
0-18  0-15 
0.40  aS9 
0-251022 

I 


The  Spotted  Hyama  (H.  crocuta). — The  remains  of  the  Spotted 
Hysenas  consist  principally  of  jaws  and  teeth  of  all  ages  ;  and  those 
from  the  Cave-earth  are,  for  the  most  part,  in  fragments. 

Two  skulls,  a  scapula,  and  a  cervical  vertebra  were  obtained  from 
the  Red  Sand.  On  a  comparison  of  the  two  skulls  with  those  of  the 
recent  H,  crocuta  in  the  College  of  Surgeons,  which  belonged  to  the 
collection  made  by  Captain  Gordon  Cumming  in  8.  Africa,  I  am  un- 
able to  detect  any  points  of  specific  value.  If  any  thing,  the  larger 
of  the  two  fossil  skulls,  possessing  the  sutures  and  teeth  of  the 
adult,  is  smaller  than  the  larger  of  the  two  recent,  as  may  be  seen 
from  the  following  measurements  (in  inches)  : — 
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Bed  Sand, 

Kobin-Hood 

Caye. 

447fl,Ck)Uege 
of  Surgeons. 

447,  College 
of  Surgeons. 

Length  of  basisphenoid  

WiSth    „ 

Length  of  presphenoid    

MaMllariesin  temporal  width 
Postorbital  width    

107 

0-66 

1-0 

328 

1-55 

80 

2-66 

3-66 

lO 

1-25 

0-8 

1-0 

3-42 

1-8 

4-0 

3-32 

3-65 

11 

1-28 

0-8 

M 

3-4 

1-7 

3-2 
3-6 

0»8 

Length  of  parietals 

Length  of  frontAls  

Postorbital  width  of  palatines 
Width  of  poeterior  naree 

Both  these  fossil  skulls  have  heen  gnawed  hy  Hyaenas  ;  and  the 
smaller  is  so  mutilated  that  it  offers  no  measurements  of  value. 

The  large  number  of  teeth  and  jaws  from  the  caves  of  Ores  well, 
amounting  altogether  to  1096  and  99  respectively  (Rohin-Hood  812 
and  53 ;  Church  Hole  284  and  46),  offers  a  wide  hasis  of  induction  for 
the  determination  of  the  amount  of  variation  in  the  teeth  of  the 
fossil  Hyaena  of  the  caves.  So  far  as  relates  to  their  form,  I  have 
nothing  to  add  to  the  essay  on  the  dentition  puhlished  in  the 
*  Natural-History  Review,'  in  1865,  which  was  founded  mainly  on 
the  large  stores  of  remains  furnished  by  the  cavern  of  Wookey  Hole. 
The  extremes  of  size,  however,  are  greater,  as  may  be  seen  from  the 
comparison  of  the  following  measurements  (in  inches)  with  thjstj  of 
the  above  essay. 

Upper  Molnr  Series. 


1.  Antero-posterior  length  . 

2.  Transyerse  breadth 

3.  Height 


1.  Antero-posterior  length  , 

2.  Transverse  breadth 

3.  Height 


1 .  Antero-posterior  length  . 

2.  Transverse  breadth ...... 

3.  Height , 


1.  Antero-posterior  length . 

2.  Transverse  breadth 

3.  Height 


HytBua  apalea. 


H.  crocuta. 


Pm 

.  1. 

Max. 

Min. 

Max.* 

0-33 

0-26 

0-3 

0-32 

0-25 

0-26 

0-26 

0-25 

0-26 

Min. 


Pm.  2. 


0-62 
0-48 
0-46 


0-58 
0-48 
0-61 


0-58 
0-48 
0-52 


Pm.  3. 


1-08 
0-72 
1-0 

0-9 

066 

0-9 

0-9 

0-68 

0-96t 

Pm 

.4. 

1-8 

0-94 

0-86 

1-42 
075 

1-6 

0-78 

0-82 

071 
0^ 


1-30 
0-75 


4447,  College  of  Surgeons.    The  socket  of  the  true  molar  proves  the  latter 
*o  hare  been  bifanged.     It  is  raonofanged  in  4447  A.     This  tooth  is  therefore 
▼ariable  in  character  in  the  living  H.  croctita. 
^  Caged  specimen.  —Bmk, 
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Lower  Molar  Series, 


1.  Aniero-posierior  lengUi . 

2.  TraDSTorae  breadth 

3.  Height 


1.  Antero-posterior  length  . 

2.  Transrene  breadth 

3.  Height 


Hyanatpelaa, 
CreewelL 


S.  croeuta. 


Pm.2. 


Mai. 
0-7 
0-6 
0-42 


0-95 
0^ 


Min. 
0-68 
0-4 
0*39 


I 


Max. 

0-58  I      0-5 

0^38  I      0-35 

042  t 


Pm.3. 


0-78 
0-5 
0.8 


0^82     1      OW 
065     I      O^ 
0-72+1 


Pm.4. 


1.  Antero-poeterior  length 1*0 

2.  TransTcrse  breadth 0-63 


3.  Height . 


I  1.  Ant-ero- posterior  length  . 
j  2.  TransTerse  breadth . 

I 


0-625 


1-35 
0-68 


0-75 
0-50 
0-62 


0-9      1 

0^ 

0-68+1 


M.  1. 


3.  Height I     07+ 


1-2 

0-46 

0-7 


119 
0-48 
0-61 


0-50 


1-00 
0-4 


The  spelaean  teeth,  as  may  be  observed  from  the  figures  giren 
above,  are,  on  the  whole,  larger  than  those  of  the  Spotted  Hjsena 
which  are  in  our  museums  ;  but  the  minimum  measurements  of  the 
former  fall  within  the  maximum  measurements  of  the  latter.  I  am 
unable  to  detect  any  differences  of  form  between  the  two  which  are 
constant.  They  are  related  to  each  other  in  the  same  mumer  as 
those  of  the  speltean  are  related  to  those  of  the  living  lions. 

The  articulation  of  the  scapula  measures  2  x  2*5 ;  and  the  cir- 
cumference of  the  neck  is  4*5  inches. 

In  reviewing  the  whole  evidence  at  my  command  as  to  the  relation 
of  the  Cave-hysena  to  the  living  Spotted  Hyaena  (B,  crocuta\  I  am 
unable  to  recognize  any  constant  differences,  and  therefore  believe 
them  to  be  specifically  identical. 

Fox  (Canis  vulpes).  Wolf  (Canis  lupus). — The  remains  of  the  Fox 
and  Wolf  offer  no  points  woithy  of  special  notice. 

Bear  (Ursus  ferox?  U.  arctos?). — ^The  remains  of  Bear,  consisting 
of  two  jaws,  39  teeth,  and  32  bones,  belong  to  young  adults  and 
very  old  individuals.  Some  of  the  teeth  agree  with  those  of  the 
Grizzly  Bear  as  defined  by  Prof.  Busk  (Trans.  Royal  Soc.  1872, 
p.  532  et  seq,),  while  others  agree  closely  in  size  and  form  with 
those  of  the  Ursus  aretos.  I  am  unable  to  lay  hold  of  characters  by 
which  these  closely  allied  forms,  both  recent  and  fossil,  are  dis- 
tinguished, so  far  as  relates  to  their  dentition  ;  and  I  feel  inclined  to 
hold  the  view,  lately  taken  by  Mr.  J.  A.  Allen  *,  that  the  two  living 

*  Bulletin  of  the  United-St«teft  Geological  and  Geographical  SurreY  of  th# 
Territorio*,  vol.  ii.  pt.  iy.  pp.  334  et  i^eq. 


Digitized  by  VjOOQIC 


OF  THE  CAVES  OF  CBESWELL  CRAGS. 


599 


forms  (67".  arctos  and  U,  ftrox)  in  North  America  are  merely  varieties 
**  or  sub6X>ecies  "  of  one  species. 

D.   Orders  jlrtiodactyla,  Perissodactyla,  Proboscidea,  and  Rodentia, 

The  remains  of  the  Beindeer,  Bison,  and  Irish  Elk  ment  no 
special  attention.  It  may,  however,  be  remarked  that  of  the  teeth 
of  the  first  of  these,  amounting  to  200,  eleven  are  milk- molars,  two 
being  deciduous  molar  2.  We  may  also  observe  the  absence  of  the 
Stag,  which  is,  as  a  rule,  very  rare  in  the  Pleistocene  caves  of  this 
country,  while  in  the  prehistoric  deposits  it  is  very  abundant.  In 
the  early  Pleistocene,  as,  for  example,  in  the  Lower  Brickearths  of 
the  Thames  Valley,  the  animal  abounded  in  Britain.  It  retreated 
before  the  advance  of  the  Beindeer  as  the  temperature  became 
lowered,  and  it  did  not  again  appear  in  force  till  after  the  close  of 
the  Pleistocene  age. 

WooUy  Rhinoceros. — The  adult  Woolly  Bhinoceros  is  represented 
by  145  teeth,  the  young  by  108.  All  these  but  three  were  discovered 
near  the  cave-earth. 

Horse, — Most  of  the  teeth  of  Horses  belong  to  adults ;  but  29 
milk-teeth  prove  that  the  colts  were  also  present. 

On  comparing  the  limb-bones  with  those  of  a  Shetland  pony  and 
the  racehorse  "  Orlando  "  in  the  CJoUege  of  Surgeons,  it  is  evident 
that  the  animal  to  which  they  belonged  was  about  the  size  of  a  stout 
cob-horse,  heing  considerably  larger  than  the  former,  and  falling 
short  of  the  stature  of  the  latter.  The  horse,  however,  of  the 
Pleistocene  age  varied  considerably  in  size.  In  the  museum  at  Lyons 
a  skeleton,  set  up  from  the  remains  found  at  Solutrd,  is  not  taller 
than  that  of  a  middle-sized  pony  ;  and  the  remains  found  in  the  cave 
at  Bhandon  are  considered  by  Prof.  Leith  Adams,  F.B.S.,  to  belong 
to  animals  about  14  hands  high. 


Humerus. 

Radius. 

Metacarpal. 

1   L 

i  'I' 

1 

j 

It 

1 

1 

1 

1-  Maxim  nni  length 

2.  Mimmum  circumfepence 

3.  TransTeneraeasurement 
of  pruzimal  articulation 

*•  Vertical  measurement  of 
proximal  articulation  ... 

«•  TranBTcrae  measurement 
of  distal  articulation    . . . 

«•  Vertical  measurement  of 
ai«tal  articulation     

5-6  6-5 
30    ... 
4-4    ... 
3-3  3-25 
39   3-9 

8-4 
3-75 

2-25 
2-25 

13-0 
8-4 

3-4 

3-3 

34 

13-8 13-6 
5-26  6-5 

3-3  3-25 

1-5   1-25 

275  2-8 

1251-25 

9-8 
34 

2-3 
20 

1-46 
6-6 

3-5 
30 

92  9-2 
4-5  4-25 

2-2  21 

1-26 1-4 

2-1    21 

2-3  2  4 

7-0 
2-95 

1-6 
1-55 

9-9 
4-2 

2-3 

2-2 
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The  spelaean  bones  measured  (in  inches)  belong  to  the  limbs  of  two 
individuab  which  fell  a  prey  to  the  Hysenas,  and  by  a  rare  chance 
were  not  destroyed  by  their  teeth.  Thej  were  found  in  the  Bed 
Sand. 

Mammoth. — The  Woolly  Elephant  is  represented  by  8  teeth  and 
fragments  belonging  to  adults,  and  by  38  teeth  and  fragments  be- 
longing to  the  young.  The  three  oldest  and  largest  teeth  are  first 
true  molars. 

The  remains  of  the  Hare  and  the  Water-vole  demand  no  special 
notice,  excepting  that  the  numerous  broken  bones  of  the  former 
show  that  it  was  an  important  article  of  food  with  the  palaMdithic 
inhabitants  of  the  cave  during  the  accumulation  of  the  upper  Cave- 
earth  and  the  breccia. 


E.  Bemains  of  Historic  and  Prehistoric  (?)  Age. 

The  superficial  layer  in  the  caye,  which  in  some  places  rested  ou 
the  stalagmite  and  in  others  on  the  upper  Cave-earth,  and  was 
nowhere  more  than  a  few  inches  in  thiclmess,  contained  the  same 
group  of  objects  as  that  from  the  upper  strata  in  the  Victoria  Cave. 

They  consist  of  the  following : — 

1.  A  harp-shaped  Bomano-British  brooch,  adorned  with  hlue  dia- 
monds of  enamel,  flanked  by  red  triangles,  of  the  exact  size  and 
form  of  that  figured  in  my  work  on  *  Cave-hunting'  from  the  Victoria 
Cave  (coloured  plate,  fig.  1).  The  two  are  so  alike  that  I  have  no 
doubt  that  they  were  turned  out  of  the  same  workshop. 

2.  A  flat  lamina  of  bronze  pierced  at  one  end  for  suspension,  and 
at  the  other  prolonged  into  two  points  which  may  have  been  i»ed 
as  fixed  compasses.  It  is  an  implement  of  the  same  kind  as  that 
figured  in  'Cave-hunting'  from  the  Victoria  Cave  (coloured  plate, 
fig.  2). 

3.  The  boss  of  the  hilt  of  a  sword  or  dagger  carved  out  of  the 
head  of  the  femur  of  Horse  or  Ox,  and  ornamented  with  oonoeniTic 
circles  which  may  have  been  made  with  number  2. 

4.  A  fragment  of  Samian  ware,  and  many  fragments  of  grey  Lithe- 
turned  pottery  of  the  usual  Bomano-British  t3rpe,  such  as  that  found 
in  abundance  at  the  Bomano-British  cemeteries  of  Hardham  *  and 
Seafordt  in  Sussex. 

5.  A  whetstone.  Numerous  broken  bones  of  ftTiim<^l«  which  had 
been  used  for  food. 

6.  A  few  human  teeth,  human  vertebrae,  a  fragment  of  a  femur, 
of  an  ulna,  and  a  few  bones  of  the  extremites  were  also  met  with. 

7.  The  remains  of  the  animals  imply  a  mixture  of  wild  and 
domestic  species,  as  may  be  seen  in  the  following  Table : — 

*  Dswkins,  "Bomano-British  Cemetery  and  Roman  Camp  at  HardhaD," 
SHMex  Arcbseol.  Coll.  1803. 

t  Price,  Journ.  Anthrop.  Inst.  vol.  vi.  p.  300, 
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J^rehistorie  (?)  and  Historic  Fauna  of  Robin-Hood  Cave,  1876. 


Jaw8. 

Teeth. 

fionet. 
Antlers. 

Total. 

VfWdCtki  {FdiBcatusferui)   

2 

"ii 

1 
1 

2 

1 

13 
2 

5 

5 

2 

10 

2 

2 
15 

4 

"2 
17 
87 
16 

51 

2 
2 

18 

1 

I 

4 

7 

2 

20 

110 

19 

66 

Dog  {Canis  familiar  is) 

For  {C.  vulpes) 

Stoat  (^li,ermined\  \ 

Badger  (Af0/«stoxtM)    

Stag  (^Cervus  elapkus) 

Boe  (O.  capreolus)  

SYiurthom  (Bos  lonoifron$\ , . . . . 

Sheep  or  CK>at  ?    

Yi^  ^Sus  8crofa)    

^9X^  {Le^ua  timidus)  1 

1  Rabbit  (i.  ouniculus)  J 

To  these  may  be  added  a  few  birds'  bones. 

We  may  remark  that  the  condition  of  the  remains  of  the  Dog  show 
that  it  was  used  for  food  as  well  as  for  the  chase. 

This  group  of  remains  belongs  to  the  historic  period,  as  established 
by  the  liomano -British  pottery  and  enamelled  brooch. 

Three  small  fragments  of  pottery,  black  in  colour,  and  with  little 
fragments  of  limestone  imbedded  in  its  paste,  are  of  the  same  sort 
as  that  generally  found  in  Neolithic  deposits,  and  are  unlike  any 
Romano-British  pottery  which  I  haye  seen.  They  may  imply  that 
the  cave  was  used  as  a  shelter  by  Neolithic  tribes  as  well  as  by 
Palaeolithic  hunters  and  Eomano-British  refugees. 

A  flint  strike-a-light,  triang^ular  in  form,  and  of  uncertain  date, 
was  also  obtained,  as  well  as  two  leaden  pistol-bullets  and  an  iron 
ring,  which  it  is  unnecessary  to  notice. 

The  remains  of  the  following  MoUusca  have  been  specifically  iden- 
tified by  Mr.  Thomas  Eelsall,  of  the  Manchester  Musetmi : — 

1.  Helix  nemoraUs.  4.  Helix  pvHchella, 

2.  lapicida,  5.  Achatina  acicula. 

3.  rotundata,  6.   Unio  pictorum. 

The  general  conclusions  relating  to  the  fauna  of  the  Robin-Hood  Cave 
will  be  deferred  until  that  of  the  Church  Hole  has  been  brought  beforo 
the  Society. 

III.  The  Fauna  of  the  Chubch-Holb  Cave. 

A.  Distribution  of  Species  in  Pleistocene  Strata. 
In  dealing  with  the  distribution  of  the  fossil  remains  in  the 
Church  Hole,  I  have  adopted  the  same  divisions  as  in  the  Robin-Hood 
Cave,  those  from  the  Red  Sand  being  classified  together,  while  those 
from  the  strata  above,  as  far  as  the  stalagmite,  are  ranked  under  a 
i^econd  head.  The  most  important  deduction  to  be  made  from  the 
following  Table  is,  that  while  the  association  of  remains  is  similar 
to  that  in  the  Robin-Hood  Cave,  the  remains  in  the  Red  Sand  are 
more  abundant  and,  it  may  be  added,  in  a  more  fragmentary  st-ate. 
The  Hyjenaswere  present  in  greater  force  during  the  earlier  stage  in 
^^e  history  of  this  than  in  that  of  the  above-mentioned  cave. 

2r2 
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Pleistocene  Fauna  of  Church-Hole  Cave,  1876. 


Man  (Homo) 

Lion  (var.  Felis  speUBo)  . 
Polecat  {M.  putorius)  .... 
Spotted  Hyaena  (var.  H,  ape- 


fi 


Fox  (Cants  vulpes)  

Wolf(a/«pw<) 

Bear  (  U.ferox  ?,  U.  arctm  ?) 
Reindeer  (Ctrvus  tarandus) 
Irish  Elk  \C.  megaceros) 
Bison  (var.  B,  priscua)  . . 
Horse  {Eqmus  caballua)  . . 
WoollyRhinooero8(i?.  ticho' 

rhinua)   

MammoUi  (E.  primigenitts) 
Kfkre  (Lepus  ttmidus)  .. 


Totals. 


234 


410 
19 
19 
66 

412 
14 
45 

310 

250 
57 
10 


Bed  Sand. 


140 

2 

3 

10 

4 

90 

31 

10 

2 


1838  57  292  267     23 


32 


12 

101 

3 

11 

30 

70 

8 


23 

"i 

185 

2 

7 

22 

138 

9 

11 

120 

101 

18 

2 


639 


Stala^itie  Breeam 
and  OaTe-eartii. 


61 


1 


ii 


144 

1 

2 

10 

55 

2 

6 

170 

51 
33 


474 


453 


...  ^11   211j 
2 


48 
6 
7 

23 

211 

2 

25 

19 


211 1198 


.  The  last  column  in  the  aboTe  Table  represents  the  speciee  foimd  bj  Mr.  Hello 
in  1875. 

B.  PalcBolitJUc  Man. 

Human  implements  of  yarious  sorts  were  met  with  in  intimate 
association  with  the  fossil  animals  in  all  the  deposits  nnder  the 
stalagmite ;  and  large  quantities  of  broken  bones  testified  to 
the  presence  of  Man,  just  as  the  gnawed  bones  proved  that  of  the 
Hyaenas  in  the  cave.  In  the  strata  above  the  Bed  Sand  there  were 
fragments  of  charcoal  and  of  calcined  bone. 

As  may  be  seen  from  the  following  Table  of  distribution  of  works 
of  Man,  there  is  the  same  distinction  to  be  observed  here  as  in  the 
Bobin-Hood  Cave  between  the  implements  of  the  upper  and  lower 
strata.  From  the  former  were  obtained  all  the  implements  of  bone, 
antler,  and  fiint ;  while  in  the  latter  we  only  discovered  a  few  imple- 
ments of  the  rudest  kind,  made  of  quartzite. 

Articles  of  Bone  and  Antler. — The  articles  made  of  bone  are  as 
follows : — 

1.  A  well-shaped  needle  (fig.  4),  absolutely  perfect,  made  out  of  a 
metacarpal  or  tarsal  bone  of  a  ruminant,  and  larger  than  any  of 
those  figured  from  the  palseolithic  caves  of  France,  Belgium,  or 
Switzerland. 
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Fig.  4. — Bon^  Needle,  Church-Hole  Gave^  \. 


Fig.  5. — Bone  Awl^  Church-Hole  Cave,  \. 


Fig,  7. — Rod  of 
Reindeer  Antler, 
Church-Hole  Cave,  \, 


r.. 


Fig.  6. — Notched  Bone,  Church-Hole  Cave,  \. 


Fig.  8. — F  lake  worn  on  one  side,  Church- 
Hole  Cave. 


i  f^^ 
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2.  Two  bone  awls  {^g,  5)  fashioned  out  of  the  tibiae  of  a  Hti*, 
and  polished  by  long-continued  use. 

3.  A  broad  spatulate  fragment  (fig.  6)  of  the  distal  portion  of  the 
transverse  process  of  one  of  the  lumbar  vertebrae  either  of  a  Horse  « 
large  ruminant,  rounded  at  the  end  and  with  its  edges  notched.  It 
closely  resembles  the  "bone  knife-like  implement  notched  and 
scored  "  from  the  Grotte  de  la  Gorge  d'Enfer,  figured  in  the  •  Be- 
liquiss  Aquitaniese'  (B,  pi.  xxv.  fig.  2,  pp.  183  et  seq.).  In  ow 
specimen,  however,  the  notches  are  deeper  and  wider  apart. 

4.  Two  carefully  rounded  rods  made  of  antler,  with  one  of  their 
extremities  traversed  by  a  deep  lateral  groove  (fig.  7),  and  the  other 
broken  short  off,  may  have  been  spear-heads,  in  which  case  the  groore 
would  be  for  the  reception  of  the  tapering  end  of  the  shaft.  They 
are  of  the  same  form  as  the  basal  portions  of  those  from  the  cave  of 
the  Kesslerlochy  considered  by  Br.  Merk  to  be  spear-heads  (op.  cit 
figs.  16,  20,  26).  A  third  cylinder  of  antler,  rounded  like  the  above, 
resembles  the  one  from  Cro-Magnon,  figured  in  the  *  Reliquis  Aqui- 
tanicse '  (B,  pi.  xii.). 

3.  Articles  of  Flint  and  Quartdte. — Among  the  stone  implements 
the  only  two  forms  worthy  of  notice  are  those  presented  by  three 
flakes,  two  of  which  have  one  of  their  edges  straight,  sharp,  and  un- 
worn, while  the  other  is  worn  to  a  curve  (fig.  8).  This  is  doubtlefls 
due,  as  Mr.  Evans  has  suggested  in  his  *  Ajicient  Stone  Implements,' 
to  the  sharp  edge  having  been  imbedded  in  a  handle  of  some  perish- 
able material,  either  wood,  like  some  of  the  flakes  from  the  neolitlzfc 
pile-dwellings  of  Switzerland,  or  horn,  which  would  speedily  be 
destroyed  (see  dotted  outline  in  fig.  8).  The  second  form  is  that  of 
an  awl,  consisting  of  a  flake  with  the  end  chipped  to  a  point  and 
well  worn  by  friction. 

The  following  list  represents  the  distribution  of  the  palseolithic 
implements  in  the  cave : — 

Distribution  of  Traces  of  Pakeolithic  Man  in  Church-Hole  Cave,  1876. 

Red  Sand.       CaTe-€ATth. 

Bone  needle  (fig.4  )    

Bone  awl  (fig.  6)     

Notched  lamina  of  bone  (^g,  6). . 

Bounded  spear-head  ? 

Bod  of  antier  (^g.  7) 

Flint  flakes 

Flint  awls   

Simple  scraper    

Flakes  worn  to  bevelled  edge .... 

Splinters 

Quartzite  round  stones    20 

„         choppers 1 


chips 


1 
2 
I 
2 
1 

70 
2 
1 
2 
62 
63 
4 
3 
9 


24 


213 
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The  group  of  implements  from  the  upper  strata  is,  on  the  whole, 
of  the  same  general  type  as  that  of  the  Eobin-Hood  Cave,  although 
no  fragments  of  the  elaborately  chipped  "  lance-heads  "  of  the  *'  type 
de  Solutre  "  were  discovered,  nor  any  implements  of  the  St.-Acheul 
or  Moustier  forms. 

The  remains  of  the  associated  animals,  as  compared  with  those  of 
the  Robin -Hood  Cave,  present  no  points  of  difference  which  are 
worthy  of  special  notice. 

C.  Remains  of  Historic  Age, 

The  works  of  art  and  the  remains  of  the  animals  in  the  superfi- 
cial stratum  at  the  entrance,  smd  above  the  stalagmite  in  the  cave, 
are  of  the  same  general  order  as  those  which  have  been  mentioned 
from  the  Eobin-Hood  Cave ;  bnt  no  fragments  of  prehistoric  pottery 
were  met  with.     They  consist  of  the  following : — 

1.  A  large,  plain,  harp-shaped  fibula  of  bronze,  quite  perfect,  found 
at  the  entrance. 

2.  A  bone  awl. 

3.  A  square  polished  bone,  like  a  die  cut  in  half,  ornamented 
with  circles  on  fdl  sides  but  one. 

4.  Numerous  fragments  of  grey  lathe-turned  Romano-British 
ware. 

5.  A  fragment  of  a  whetstone. 

6.  A  black  flint  strike- a-light 

7.  A  calcaneum  of  an  adult,  and  three  vertebrsQ  of  a  child.  The 
first  of  these  was  found  outside  the  entrance,  associated  with 
the  bronze  brooch  above  mentioned  and  a  fragment  of  coarse  pot- 
tery. Close  by  were  burnt  stones  and  charcoal,  and  fragments  of 
broken  and  cut  bones,  which  proved  the  position  of  the  hearths 
during  the  time  of  the  Ri)mano-Briti8h  occupation  of  the  cave. 

A  fragment  of  glazed  mediaeval  (?)  ware  and  a  silver  coin,  which 
Mr.  Evans  has  been  kind  enough  to  identify  as  probably  of  Henry  Ist, 
demand  no  further  notice. 

The  following  animals  occurred  in  the  superficial  deposit  above 
the  stalagmite : — 


Wild  CtX{F.catus) 

Marten  {Miutela  Tnartes)    . 

MeUstaxtis  , 

Dog  ( Canis  famtliarU)    .... 

Vos.  {Cants  vulpes)   , 

St&g  {Cervm  etapntis)  , 

Shorthorn  (Bos  Umgifrons). 

Sheep  or  Ooat  

Horse  {Equus  eahaUus)    ... 

Hog   

Hare  and  Babbit 


Jaws. 


2 

20+ 


Teeth. 


Bonee. 


1 

2 

3 

2 

3 
14 
50 

1 

3 
100+ 


Total. 


1 

4 

4 

5 

4 
17 
56 

4 

8 
120+ 
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D.  liohin-Hood  and  Church-Bole  Caves  occupied  by  Brit-  TFfW 
Refugees. 

This  group  of  prehistoric  and  historic  animals  is  identical  ^ritk 
that  which  has  been  met  with  in  the  caves  of  Dowkerbottoin,  Keiko, 
and  Victoria  in  Yorkshire,  of  Kirkhead  in  North  Lancashire,  gI 
Poole's  Cave,  near  Bnxton,  and  of  Thor's  Cave,  near  Ashbourne, 
in  Staffordshire  ;  and  in  all  these  it  is  associated  with  the  same  set 
of  human  implements  and  ornaments,  which  are  proved  by  the 
coins  to  belong  to  the  period  which  lies  between  the  depaxtnre  of 
the  Eoman  legions  from  Britain  and  the  conquest  by  the  Englisk 
AU  these  caves,  as  may  be  seen  by  a  reference  to  my  work  on  '  GaTC- 
himting,'  have  been  used  as  places  of  shelter  by  Brit- Welsh  refngeee 
flying  from  their  homes  before  the  face  of  the  English  invaders. 
They  complete  and  round  off  the  story  of  the  conquest  revealed  by 
the  lament  of  Gildas,  and  by  the  blackened  ruins  of  the  'Roman 
towns  and  villages,  and  they  testify  to  the  truth  of  the  views  as  to 
the  nature  of  the  English  conquest  held  by  the  eminent  historians 
Messrs.  Green  and  E.  A.  Freeman. 

The  date  of  the  occupation  of  these  caves  by  the  Brit- Welsh  pro- 
bably falls  within  the  fifth  or  sixth  centuries,  and  is  not  later  fcisn 
the  time  when  that  district  fell  into  the  power  of  the  Mercian  or 
Northumbrian  Angles,  an  event  which  certainly  took  place  when 
the  kingdom  of  Elmet  (district  of  Leeds  and  Bradford)  was  con- 
quered at  the  close  of  the  sixth  century.     The  same  group  of  remains 
may  reasonably  be  looked  for  in  all  the  caves  which  lie  within  tht 
area  fought  over  so  long  in  this  country,  by  the  Brit-Welsh  fragments 
of  the  Homan  empire  on  the  one  hand,  and  the  ruthless,  extermi- 
nating English  on  the  other,  who  won  it  with  their  own  good  swords, 
and  whose  descendants  are  now  founding  other  Englands  beyond 
seas  by  similar  though  less  violent  methods. 

IV.  Condition  of  Fossil  Remains  in  the  Crebwell  Caves. 

The  bones,  antlers,  and  teeth  in  these  two  caverns  are  divisible 
into  three  distinct  groups,  so  far  as  relates  to  their  condition: — (1) 
those  which  are  gnawed  by  the  Hyajnas ;  (2)  those  which  have  been 
broken  up  and,  in  some  cases,  burnt  by  Man  ;  (3)  those  which  have 
been  attacked  by  the  carbonic  acid  in  the  rainwater  which  has  per- 
colated through  the  cave-earth  and  red  sand. 

By  this  last  active  agent  they  have  sometimes  been  reduced  to  ver}' 
fantastic  forms.  In  some  cases  the  enamel  of  the  tooth  is  worn  away, 
in  others  the  dentine ;  many  of  the  antler-tips  have  been  so  sharpened 
by  it  that  they  may  readily  be  mistaken  for  human  implements. 
That,  for  example,  figured  in  my  last  paper  (fig.  1)  I  now  consider 
not  to  be  of  proved  human  workmanship.  Wherever  also  the  surface 
of  the  bono  or  antler  has  been  crushed  the  chemical  action  has  been 
intensified,  and  a  hollow  cavity  is  the  result.  In  working  out  this 
point  I  am  indebted  to  my  colleague  Prof.  Schorlemmer,  F.R.S.,  for 
proving  it  by  experiment  in  his  laboratory. 

T  have  never  observed  the  results  of  this  chemical  action  so  marked 
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in  the  contents  of  any  other  cavern,  which  may  be  explained  by 
these  being  nearer  the  surface  of  the  ground  above,  and  therefore 
more  exposed  to  the  aHeack  of  the  acid-laden  water  than  the  great 
majority  of  caverns. 

It  may  be  added  that  the  same  results  may  be  produced  by 
chemical  action  intensified  by  pressure,  as  pointed  out  by  Mr.  Sorby's 
experiments. 

y.  General  Cokclttsions  as  to  Pleistocene  Fauna  of  Crbswell 

Caves. 

It  remains  now  to  sum  up  the  results  of  these  explorations  of  the 
Creswell  Caves.  The  associated  species  of  the  Eobin-Hood  Cave  are 
the  same  as  those  of  the  Church  Hole ;  and  there  can  be  no  doubt 
that  the  eaves  were  inhabited  at  the  same  time.  The  fauna  of  the 
Red  Sand  and  of  the  Cave-earth  is  alike  in  both.  The  palaeolithic 
hunter  who  fiist  appeared  used  ruder  implements  than  those  who 
succeeded  him. 

The  animals  belong  to  groups  which  spread  over  Central  Europe, 
from  the  Pyrenees  as  far  north  as  the  Elbe,  and  swung  to  and  fro 
according  to  the  season.  They  would  naturally  find  their  way  from 
the  low  grazing-lands  now  occupied  by  the  German  Ocean  up  the 
line  of  the  Trent  to  CresweU,  as  may  be  seen  by  the  accompanying 
map  (fig.  9). 

In  the  absence  of  physical  evidence  it  is  useless  to  speculate  on 
their  relation  in  this  district  to  the  Glacial  period,  because  they 
lived  in  Europe  in  Preglacial,  Glacial  (=Interglacial),  and  Post- 
glacial times. 

A.  No  Cave-fauna  proved  to  he  Prtr  or  Interglacial. 

Nor,  may  it  be  added,  is  there  satisfactory  evidence  ofiered  by 
any  cave  in  this  country  which  enables  us  to  fix  the  relation  to  the 
Glacial  age  of  any  cave-fauna  in  particular.  In  the  Victoria  Cave, 
for  example,  quoted  by  Mr.  Tiddeman,  Mr.  James  Geikie,  and  others, 
as  decisive  of  the  Pre-  or  Interglacial  age  of  the  cave-fauna  below 
the  clay,  the  whole  question  turns  on  the  age  of  the  clay  above  the 
bone-bearing  strata  at  and  within  the  entrance.  And  this  is  not 
proved  to  be  "  boulder-clay  "  (*  Ice  Age,'  p.  610),  because  there  are 
no  boulders  in  it ;  nor  is  it  proved  to  be  Glacial  (*  Nature,'  1876, 
p*  605),  because  clay  of  that  kind  is  now  being  deposited  in  that 
very  cave.  That  it  has  ultimately  been  derived  from  the  wreck  of 
the  Boulder-day  at  a  higher  level,  which  was  formerly  spread  over 
the  country,  and  has  been  washed  in  by  the  rains,  is  very  probable.  - 
Nor  do  the  piles  of  travelled  blocks  which  occur  in  the  talus  out- 
side the  entrance  throw  any  light  on  the  point,  because  they  are 
^ermnxes  and  not  in  situ.  They  may  have  tumbled  from  the  cliffs 
above  during  the  accumulation  of  the  talus,  and  long  after  the 
glaciers  had  retired  from  Yorkshire.  These  doubts  as  to  the  pre- 
or  interglacial  age  of  the  fauna  below  the  clay  which  grew  up  in  my 
Daind  while  intrusted  with  the  conduct  of  the  exploration,  and  have 
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been  confirmed  since  by  repeated  visits,  are  shared  by  Prof.  Hughes, 
whose  opinions  on  a  matter  of  this  kind  are  entitled  to  the  greatest 
weight.     At  present  he  holds  that  it  is  postglacial. 

The  second  reputed  case  of  the  discovery  of  Pleistocene  mamma- 
lia in  Glacial  or  Interglacial  deposits  is  offered  by  those  in  the  caves 
of  Cefn  explored  and  described  by  Dr.  Falconer,  Mrs.  William 
Wynn,  Prof.  Hughes,  the  Rev.  D.  R.  Thomas,  and  myself,  and  lately 
correlated  (Quart.  Jonm.  Geol.  Soc.  xxxii.  p.  94)  by  Mr.  Mackin- 
tosh with  the  Glacial  strata  of  the  surrounding  district.     Here, 
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again,  the  value  of  the  evidence  turns  on  the  point  as  to  whether 
the  sh^ta  inside  the  caves  are  Glacial  deposits  in  situ  or  have  been 
derived  from  their  denudation.  Both  Prof.  Hughes  and  myself 
agree  in  holding  the  latter  view.  This  may  have  happened  at  any 
period  in  the  Pleistocene  age  subsequent  to  their  deposition,  by  the 
waves  of  the  sea.  It  seems  therefore  to  me  altogether  premature  to 
build  up  any  h^'pothesis  on  the  foundations  offered  by  the  discoveries 
made  hitherto  in  these  two  sets  of  caves  as  to  the  relation  of  their 
contents  to  the  Glacial  period.  The  open  caves  were  undoubtedly 
inhabited  by  the  wild  animals  before  the  Glacial  age  ;  but  I  do  not 
know  of  any  one  cave  in  any  part  of  Europe  which  has  been  proved 
to  contain  Preglacial  or  Interglacial  mammalia. 

B.  No  proof  of  Pre-  or  InUrghcial  Cave-Man  in  Britain, 

The  question  naturally  arises,  When  did  Man  first  appear 
the  cave-fauna?  Messrs.  Tiddeman  and  James  Geikie*  find  an 
answer  in  the  discovery  of  "  a  human  bone  or  fibula,"  which  "  was 
certainly  found  beneath  Glacial  clay  in  the  "Victoria  Cave."  That 
this  clay  is  Glacial  is,  as  I  have  shown  above,  a  matter  of  opinion ; 
nor  am  I  by  any  means  satisfied  that  the  fragment  of  shaft  without 
articulations  of  so  variable  a  bone  ia  really  beyond  all  doubt  human. 
When  first  discovered  it  seemed  to  me  too  equivocal  a  specimen  to 
be  identified  with  absolute  certainty ;  and  therefore  it  was  omitted 
from  my  report  to  the  British  Association  in  1873.  Prof.  Busk 
(Anthropological  Joum.  iii.  p.  392)  also,  to  whom  it  was  submitted, 
considered  it  equivocal,  then  "  was  induced  to  think  that  it  might 
be  elephantine,"  and  ultimately  concluded,  from  its  correspondence 
with  an  abnormal  and  unique  recent  human  fibula,  that  it  is  human. 
Since  this  identification  the  numerous  Bear's  fibulae  from  Windy 
Knoll  which  I  have  examined  seem  to  me  to  throw  additional  light 
on  the  fragment,  and  to  render  it  very  probable  that  it  is  ursine.  I 
am  not  prepared  to  say  that  I  can  identify  it  with  any  one  ursine 
fibula ;  but,  taking  into  account  the  great  difierence  in  size  and  form 
in  that  bone,  and  the  fact  that  one  fossil  Bear's  fibula  differs  from 
another  as  much  as  or  more  than  this  one  does,  it  may  probably  be 
referred  to  one  or  another  of  the  fossil  Bears  U,  spelctus  or  U.  ferox^ 
of  which  the  remains  found  in  the  Yictoria  Cave  are  of  gigantic  size. 
On  this  point  I  would  remark  that  a  fragment  of  ursine  fibula,  from 
the  cavern  of  Loz^re,  in  the  British  Museum  very  nearly  comes  up 
to  that  of  Victoria  in  size,  measuring  in  circumference  2*0  inches  as 
compared  with  2-2  of  the  latter.     The  Yictoria  fibula  differs  far 

♦  Tiddeman, '  Nature/ 1876,  p.  505 ;  see  also  Brit.  Assoc.  Rep.  1875,  p.  173:  — 
**  In  the  opinion  of  your  reporter,  the  Craven  savage,  who  lived  before  the 
Great  Toe-sheet  and  hefcre  the  Great  Svhmergmce^  may  form  another  of  the 
manj  strong  ties  which  bind  together  the  sciences  of  Geology  and  Anthropology." 
C^ilae,  *  Ice- Age,'  Jst  edit.  p.  510 : — •'  The  interest  of  this  discoyery  (i.  e.  of  the 
fibula)  consists  in  the  fact  that  the  deposit  from  which  the  bone  was  obtained 
is  overlaid,  as  Mr.  Tiddeman  has  shown,  '  by  a  bed  of  stiff  Glacial  clay  con- 
taining ice-scratched  boulders.*  Here  then  is  direct  proof  that  Man  lived  in 
Bngland  frior  to  the  last  Interglacial  period.^' 
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more  from  the  series  of  normal  human  fibulsB  than  from  the  i 
of  those  of  Bears.  At  all  events  the  obscure  firagmeot  in  questim 
seems  to  me  altogether  insufficient  to  base  any  theory  as  to  **  Pre-^ 
or  <*  Interglacial  Man,"  both  in  itself  and  in  the  conditionB  of  ite 
discovery.  Prof.  Busk,  whose  absence  through  indiapoaition  this 
evening  I  regret,  has  requested  me  to  say  on  his  part  that  he  **  riioold 
not  himself  be  incHned  to  rest  or  to  base  the  existence  of  Pregladal 
Man  on  a  fragment  of  bone  like  that,  about  which  it  is  impoflflifale 
that  some  doubt  should  not  exist." 

Nor  am  I  aware  of  any  other  cave  which»oflters  proof  of  the  jHreeenee 
of  Man  in  this  country  before  or  during  the  Glacial  period,  fixifig 
my  eyes  upon  the  Pleistocene  fauna  only,  I  find  that  that  portion 
of  it  to  wluch  Man  belongs  (the  Arctic  division)  arrived  in  Britain 
before  the  deposit  of  the  Boulder-days,  and  lived  here  afterwards, 
and  that  therefore  there  are  a  priori  grounds  for  the  belief  that  Man 
also  arrived  at  the  same  time.  Proof  of  this,  however,  is  ^wranting, 
unless  the  Lower  Brick-earths  of  the  Thames  valley  with  Rhinoceros 
msgarhinus  be  taken  to  be  Preglacial,  in  which  fiie  discovery  of  a 
flint  flake  by  the  Rev.  0.  Fisher  (Proceed.  West  Lond.  Scient.  Asaoe, 
Sept.  1876)  and  myself  in  1872  has  been  recently  confirmed  by  that 
of  a  second  by  Mr.  B.  W.  Cheadle. 

In  all  probability,  while  the  Pleistocene  climate  was  being  lowered 
to  such  a  degree  as  to  allow  of  the  invasion  of  Europe  by  the  Arcdc 
animals  Man  came  in ;  and  as  the  dimate  became  so  severe  as  to 
allow  of  large  tracts  of  ground  in  the  north  being  covered  with  an 
ice-sheet,  and  the  higher  grounds  of  Central  and  Southern  Europe 
with  glaciers,  Man  and  the  animals  were  pushed  down  further  io 
the  south.  When  the  climate,  after  various  osdllations,  grew  warmer, 
they  found  their  way  again  northwards  and  over  the  glaciated  areas. 
On  this  view  Man  would  be  Preglacial,  Glacial,  and  Postglacial  in 
Europe,*  and  it  would  be  impossible  to  arrive  at  the  age  of  any  given 
accumulation  of  his  remains  either  in  the  caves  or  river- vaUeys, 
apart  from  physical  evidence  in  each  case, — such  evidence,  for 
example,  as  that  recorded  by  Lyell,  Prestwich,  Evans,  Wyatt,  and 
others  regarding  the  fluviatile  strata  with  Palaeolithic  implements 
at  Bedford,  Hoxne,  and  in  the  valley  of  the  Thames,  which  are 
proved  to  be  newer  than  the  Boulder-clay  of  their  respective  dis- 
tricts, and  to  be  therefore  "  Postglacial "  in  the  sense  of  being  after 
the  minimum  temperature  was  reached,  of  which  that  Boulder- 
clay  is  the  sign*.  I  am  unable  to  see  that  we  gain  any  thing  by 
the  term  "Interglacial,'*  which  Mr.  James  Geikie  proposes  not 
merely  for  these  PalsDolithic  gravels  but  for  aU  those  in  France  as 
far  south  as  the  Pyrenees,  without  proving  that  any  one  of  them  is 
covered  by  a  Glacial  deposit. 

C.  The  Palceolithic  Man  of  Creswdl  of  late  Phistoceiie  Agt. 
It  seems  to  me  that  glaciers  and  icebergs  and  their  work,  however 

*  The  Palieolithic  gravels  of  Hoxne,  Bedford,  and  Teddin^on  are  considered 
by  Mr.  Efans  later  than  the  Upper  Boulder-clay  of  Searles  Wood  (Presidential 
Address,  Quart.  Joum.  Qeol.  Soc.  ISTii,  p.  Ixxiv). 
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valuable  instruments  they  may  be  for  classifying  the  Pleistocene 
strata  in  glaciated  areas,  cannot  be  used  successfully  in  non-glaciated 
areas  for  the  arrangement  of  the  European  Pleistocenes,  which  must 
be  treated  in  the  same  way  as  other  geological  deposits  by  an  appeal  to 
the  animal  remains  which  they  contain.  The  glacial  series  of  events  * 
is  one  thing,  and  the  zoological  t  altogether  another  thing.  The 
Pleistocene  fauna  is  not  divided  from  that  which  went  before  and 
that  which  followed  after  by  a  barrier  of  ioe. 

The  Palfl&olithic  hunters  of  the  Creswell  Caves,  judged  by  the 
zoological  standard,  belong  to  the  late  Pleistocene  age,  since  the 
numerous  remains  of  Beindeer  prove  that  the  Arctic  mammalia  were 
ihen  in  possession  of  the  land.  Whether  they  be  Pre-  Inter-,  or 
Postglacial  is  altogether  doubtful. 

Discussion. 

Prof.  BtnKETEB  dwelt  on  the  insufiSciency  of  stratigraphical  data 
for  the  determination  of  the  age  of  glacial  deposits  in  caves,  but  re- 
ferred to  two  beds  of  lignites  on  the  shores  of  the  Lake  of  Zurich, 
which  are  undoubtedly  of  interglacial  age,  seeing  that  they  are 
underlain  and  overlain  by  glacial  deposits.  In  these  lignites  there 
had  been  found  remains  of  Cervus  daphuSy  C.  dices,  Ursus  speUeus, 
and  of  JRhinoceros  hemitcechus  and  Elephas  antiqutis,  the  last  two  de- 
termined by  the  late  Br.  Falconer.  He  remarked  that  traces  of 
man's  existence  have  been  found  along  with  such  remains,  and  in 
Italy  a  human  skull  occurred  in  strata  containing  Elephas  meridicnalis. 
In  tiie  lignite  of  Wetzikon  thin  wooden  stakes  have  been  met  with, 
sharpened  at  one  end,  and  bound  round  with  what  seemed  to  be 
strips  of  bark,  which,  however,  had  proved  to  be  small  segments  of 
similar  sticks  split  radially  in  the  direction  of  the  medullary  rays. 
Prof.  Biitimeyer  added  that  traces  of  man  have  been  thus  discovered 
in  true  Pliocene  deposits  on  both  sides  of  the  Alps. 

Mr.  Evans,  firom  the  form  of  the  needle  and  scrapers,  was  inclined 
to  refer  them  to  a  later  age  than  that  usually  assigned  to  Solutr^. 
He  inquired  whether  the  ruddle  mentioned  by  Pro£  Bawkins  con- 
sisted of  scraped  hematite  like  that  found  in  French  caves ;  for  if  so 
it  showed  an  interesting  similarity  of  habit  in  people  so  widely  se- 
parated. He  noticed  ^e  resemblance  of  the  quartzite  implements  to 
those  of  the  nei^bourhood  of  Toulouse.  With  regard  to  the  earUest 
appearance  of  man  in  this  country,  Mr.  Evans  remarked  that,  if  there 
was  evidence  of  his  presence  in  glacial  or  preglacial  times,  he  must 
have  existed  previously  somewhere  else  under  a  milder  climate. 
This,  he  thought,  was  probable  ;  but  he  had  not  yet  met  with  any 
conclusive  evidence  of  the  fact,  and  he  was  glad  to  find  that  the  de- 
termination of  the  supposed  human  fibula  from  the  Victoria  Cave  was 
so  doubtfdl  that  it  may  safely  be  rejected.  With  regard  to  the  al- 
leged discovery  of  traces  of  preglacial  man  in  Su£fblk  and  Norfolk,  he 

•  Qeikie,  *  Ice-Age.* 

t  Boyd  Dawkins,  "Classification  of  Pleistocene  Strata  by  Mammalia  **  Quart. 
Joum.  Geol.  Soc.  1872,  and  •  CaTe-hunting.' 
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thought  it  was  founded  on  a  complete  misunderstanding  of  the  nature 
of  the  beds,  which  were  really  remani^. 

Dr.  MuKiE  said  that  the  whole  matter  resolved  itself  into  a  very 
small  point.  With  regard  to  the  supposed  human  fibula  from  Vic- 
toria Caye,  he  stated  that,  his  attention  having  been  called  to  the  bone 
by  Prof.  Busk,  he  had  made  a  careful  examination  and  comparison  ol 
it  in  the  Museum  of  the  Boyal  College  of  Surgeons,  and  come  to  the 
conclusion  that  it  might  be  the  bone  of  almost  any  animal ;  all  ideas 
of  the  habits  of  the  oave-dwellers  founded  upon  it  were  therefore 
mere  fictions. 

Prof.  Ramsat  thought  that  the  evidence  went  to  prove  tlie  exist- 
ence of  these  caves  before  the  Glacial  period.  They  must  have  been 
excavated  by  the  action  of  water  charged  with  carbonic  add ;  and 
glacial  bones  may  easily  have  got  into  them.  He  was  much  grati- 
fied by  Prof.  Riitimeyer's  con&mation  of  the  occurrence  in  Switzer- 
land of  interglacial  beds  containing  evidence  of  the  existence  of  man ; 
and  if  man  went  up  to  Glacial  beds,  he  must  have  previously  lived  some- 
where outside  them.  He  thought  that  the  evidence  for  Uie  existence 
of  man  in  the  Victoria  Cave  before  the  Glacial  period  was  stronger 
than  that  against  it. 

Mr.  Callakd  remarked  that  the  Victoria-Cave  fibula  was  found  just 
at  the  entrance  to  and  not  inside  the  cave ;  and  as  there  was  a  doubt 
about  its  being  human,  it  should  be  left  out  of  consideration.  The 
lamination  of  the  clays  that  cover  the  bone  might,  he  thought,  have 
resulted  from  their  being  slowly  dropped  from  above  at  a  subsequent 
period. 

Prof.  Prsstwigh  said  that  geologists  could  not  found  any  argument 
upon  this  bone.  He  differed  from  Prof.  Bawkins  with  regard  to  the 
age  of  the  deposits  in  the  Victoria  Cave,  which  he  thought  might  be 
Preglacial,  but  agreed  with  him  that  in  this  countiy  we  have  no 
evidence  of  the  presence  of  man  before  the  Glacial  age.  The  Lower 
Thames  gravels  are  of  Postglacial  age,  as  the  Orypkaa  incurva  has 
been  found  in  them,  and  Uus  would  tend  to  ^x  their  date  as  subse- 
quent to  the  Boulder-clay,  from  which  that  fossil  is  most  likely  derived. 

The  PKF.8IDBNT  noticcd  the  interesting  association  of  the  Woolly 
Rhinoceros,  Mammoth,  and  Reindeer,  and  commented  on  the  alleged 
difficulty  of  separating  the  Grizzly  and  Brown  Bears  by  their  com- 
parative anatomy,  which,  dealing  as  it  does  here  with  the  skeletons 
alone,  and  leaving  out  of  consideration  the  habits  of  the  animals  and 
all  zoological  data,  seems  to  show  sm  identity  of  two  animals  which 
in  nature  are  very  distinct.  He  asked  Prof.  Boyd  Bawkins  whether 
the  impression  which  prevailed  in  some  quarters  that  there  had  been 
a  want  of  care  in  the  excavation  of  the  Victoria  Cave  was  well- 
founded. 

Prof.  W.  BoTD  Bawkins  said  that,  with  respect  to  the  Victoria 
Cave,  he  could  not  say  whether  it  was  preglacial  or  glacial,  nor  even 
define  its  relation  to  the  Gkcial  period.  The  age  of  the  clays  was  a 
matter  of  opinion.  At  present  the  Victoria  Cave  is  being  very  car^ 
fully  worked.  In  this  country,  he  thought,  we  have  no  evidence  of 
Preglacial  man,  unless  the  Lower  Brick- earths  bo  Preglacial. 


Digitized  by  VjOOQIC 


OW  THE  CLASSIFICATION  OF  THE  CABBON [FERGUS  8EBIE8.  613 


33.  On  the  Uppeb  Ldot  of  the  essentially  Marine  Beds  of  the 
Cakbonifeboxts  Gboup  of  the  British  Isles  and  adjoining 
CoimirENTAL  Districts  ;  with  Suggestions  for  a  fresh  Classi- 
fication of  the  Carboniferous  Series.  By  Professor  Edward 
Htti^,  M.A.,  E.E.S.,  r.G.S.,  Director  of  the  Geological  Survey 
of  Ireland.     (Read  April  25,  1877.) 

Contents, 

Pabt  I. 
A.  Introductory.    Progress  of  correlating  the  Carboniferous  Beds  of  Ireland 
with  those  of  Great  Britain.    B.  Table  of  the  British  Carboniferous  Series. 

PaktII. 

Ihibb  Carboniferous  Districts.  A.  Southern  Coal-districts.  1.  Castleoomer 
and  Xillenaule  Coal-fields;  2.  Limerick,  Clare,  &o.  B.  Northern  Coal- 
districts.  1.  Leitrim  Coal-fields;  2.  Tyrone  Coal-field;  3.  Ballycaatle 
Coal-field. 

Part  III. 

ENGLISH  Carboniferous  Districts.  1.  South  Lancashire;  2.  Yorkshire  and 
Derbyshire;  3.  North  Staffordshire;  4.  Flintshire  and  Denbighshire;  5. 
Coalbrook  Dale ;  6.  South  Staffordshire ;  7.  Leicestershire ;  8.  Warwick- 
shire ;  9.  Somersetshire ;  10.  South  Wales  Coal-basin. 

Part  IV. 

Scottish  Carboniferous  Districts.  General  Section  of  the  Carboniferous 
Series ;  BepresentatiTes  of  the  Gannisler  and  Yoredale  Beds  (Stages  E  and 
O) ;  Bepresentative  Stages  in  the  North  of  England  and  Central  ScotlandL 

Part  V. 

CoHTiNETfTAL  EQUIVALENTS.  A  Stage  E  or  "  Gannister  Beds,"  with  Marine 
Shells.  1.  Belgium;  2.  North  of  France ;  3.  Sdesia;  4.  Westphalia.  B. 
Equiyalents  of  Stages  A,  B,  C,  and  D.  Table  of  British  and  Continental 
Dirisions.     [Note.  American  Representatives.] 

Part  VI. 

(«)  Gteneral  Conclusions  regarding  the  Characters  of  the  Fauna.  (6)  Cen- 
sus of  Marine  Forms ;  {c)  Occasional  Marine  Beds  in  Stage  F ;  (rf)  Present 
mode  of  Classification  objectionable ;  {€\  Proposed  new  Classification ; 
(/)  Summary  of  Conclusions.  Table  oi  Representative  Divisions  and 
Stages.    Table  of  Marine  Organisms,  with  their  vertical  range. 

Part  I. 

Introdtictory, — It  is  only  recently  that  the  materials  have  been 
obtained  for  a  complete  comparison  between  the  different  members 
of  the  Carboniferous  ^oup  as  they  occur  in  Ireland  and  Great  Bri- 
tain. Mnch  misconception  has,  for  example,  prevailed  in  some 
quarters  regarding  the  true  position  in  the  series  of  those  beds  which, 
in  the  south  of  Ireland,  immediately  overlie  the  Carboniferous 
limestone ;  and  by  some  means  or  other,  which  I  have  not  fully 
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been  able  to  ascertain,  tbe  term  '^Coal-measiires''  bas  come  to  be 
applied  to  all  tbe  beds  from  tbe  top  of  tbe  Limestone  up  to  tbe 
coal-bearing  measures  of  tbe  Leinster  Coal-field  and  of  the  con*- 
spending  beds  of  Kerry,  Limerick,  and  Clare.  Tbe  consequ^iee  a 
tbat  it  bas  sometimes  been  supposed  tbat  tbe  coal-bearing  districts 
of  tbe  soutb  of  Ireland  are  mucb  more  extensive  tban  is  actually  ^ 
case.  As  far  as  tbe  maps  of  tbe  Geological  Survey  are  conoOTwd, 
we  are  now  taking  steps  to  give  to  tbe  public  a  truer  idea  of  the 
actual  limits  of  tbe  coal-bearing  strata,  and  also  to  correlate  with 
tbe  Britisb  series  tbe  strata  between  tbem  and  tbe  Limestone.  Mr. 
Hardman  bas  nearly  completed  a  resurvey  of  tbe  coal-districts  of 
Carlow,  Kilkenny,  and  Tipperary,  resulting  in  a  more  accurate  and 
detailed  representation  of  tbe  different  divisions ;  and  I  hope  a  simi- 
lar revision  will  ultimately  be  extended  to  tbat  large  area  in  tbe 
soutb-west  occupied  by  similar  beds,  witb  very  little  true  Coal- 
measures  at  all,  but  wbicb  bas  been  described  only  recently  as  '*  <h» 
of  tbe  largest  coal-fields  in  tbe  Britisb  Islands.*' 

Notwitbstanding  tbat  tbe  term  <'  Coal-measures "  has  been  ap- 
plied to  all  tbe  beds  above  alluded  to  in  tbe  publications  of  the 
Geological  Survey  as  well  as  of  amateur  geologists,  tbe  late  XHrecUa" 
of  tbe  Irish  Survey,  Professor  Jukes,  bas  left  on  record  his  opinion 
tbat  tbe  lower  portion  of  tbem,  including  tbe  sbales  and  flags  im- 
mediately over  tbe  Limestone,  are  in  reality  tbe  representatives  o/ 
tbe  Millstone- Grit  series  of  England.  Thus,  in  tbe  Explanatory 
Memoir  to  sbeet  137  of  tbe  maps  of  tbe  Geological  Survey,  he  says : — 
"  Doubtless  tbe  whole  of  tbe  Coal-measure  series  of  Central  Ire- 
land is  contemporaneous  witb  tbe  lower  part  only  of  tbat  of  Central 
England,  including  tbe  Millstone  Grit  in  tbat  lower  part**  • 

I  have  reason  to  believe,  from  a  conversation  I  have  bad  with  the 
father  of  Irish  geology  himself,  Sir  R.  Griffith,  tbat  be  shards  the 
same  opinion ;  and  if  there  bad  been  room  for  doubt  on  tbe  subject 
on  other  grounds,  this  doubt  must  have  been  dispelled  upon  the 
identification  in  the  Leinster  Coal-field  of  tbat  pecuUiir  and  impor- 
tant member  of  the  Carboniferous  series,  namely  tbe  "  Lower  Coal- 
measures  "  or  "  Gannister  Beds,'*  t  which,  in  the  north  of  England, 
overlies  tbe  Millstone  Grit,  and  contains  tbe  expiring  representatives 
of  tbe  marine  fauna  of  the  Lower  Carboniferous  series  as  hitherto 
constituted. 

Tbe  additions  which  are  now  being  made  to  the  maps  of  the 
Geological  Survey  of  tbe  Leinster  and  Munster  coal-fields  will  be  at 
once  understood  when  it  is  stated  that  instead  of  one  formation,  re- 
presented by  one  shade  of  dark  colour,  and  included  under  the 
general  term  of  "  Coal-measures,"  we  are  tracing  out  and  distinguish- 
ing representatives  of  four  divisions,  viz. : — 1.  Yoredale  Beds ;  2. 
Millstone  Grit ;  3.  Gannister  Beds ;  and  4.  the  Middle  Coal-mea- 
sures of  the  Britisb  series.     The  changes  thus  efiected  will  have,  at 

*  L.c.  p.  11,  foot-note. 

t  In  the  succeeding  pages  I  shall  call  this  member  of  the  series  by  the  designa- 
tion of  "Cknnister  Beds,"  in  order,  amongst  other  reasons  wbicb  wiU  appear 
farther  on,  to  avoid  confusion. 
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least,  one  important  value — that  they  will  strictly  define  the  limits 
of  the  coal -hearing  tracts. 

I  propose  in  this  paper  to  show  to  what  extent  the  British  Car- 
boniferous rocks  have  their  representatives  in  Ireland ;  after  which 
I  will  endeavour  to  point  out  the  significance,  as  bearing  on  the 
question  of  classification,  of  that  remarkable  series  of  beds  already 
referred  to,  known  as  the  "  Gannister  Beds "  of  the  late  Professor 
Phillips ;  and  lastly  I  shall  state  the  conclusions  which  seem  to  me 
to  arise  from  the  above  considerations,  and  which  seem  to  render 
desirable  a  fresh  mode  of  classifying  the  Carboniferous  beds,  with  a 
view  to  the  introduction  of  a  "  Middle  Carboniferous  series  "  to  in- 
clude all  the  strata  lying  between  the  Mountain  Limestone  and  the 
Middle  Coal-measures,  and  including  the  Yoredale  Beds,  Millstone 
Grit,  and  Gannister  Beds. 

Arrangement  of  the  Subject, — In  considering  the  subject  of  the 
Carboniferous  beds  of  Ireland,  it  will  be  desirable  to  divide  it  into 
three  portions,  taking : — I.  The  Southern  Coal-districts ;  II.  The 
Northern  Coal-districts;  and  III.  The  Ballycastlo  Coal-district  in 
Co.  Antrim,  which  diflers  from  both.  But  before  doing  so  it  will 
be  desirable,  for  the  sake  of  comparison,  to  state  the  succession  of 
the  strata  in  the  British  Carboniferous  districts,  as  now  very  gener- 
ally recognized*;  and  for  the  purpose  of  easy  reference  I  have 
arranged  them  into  stages. 


The  British  Carboniferous  Series. 

Beds  in  descending  Order^  with  Localities, 

Name  of  Formation.  Localities. 

''StaobG.  Upper  Coal-measures, — Beddish  and  Manchester,  Stoke-on- 
my  sandstones,  breccias,  and  clays,  with  Trent,  Newoastle-un- 
Sin  coal-seams  and  limestones.  ^  der-Lyne,  S.  part  of 

Fossils  (freshwater  or  estnarine). — Fish  (mi-  Dudley  Goal-field; 
gratory) ;  Crustacea,  Cythere  infiaia ;  Anne-  Banks  of  the  Dee 
lids,  Spirorbis  carbonarius.  near  Buabon;  Hamil- 

ton and  Ayrshire  in 
Scotland. 

Stagb  F.    Middle    Coal-measuret. — ^Yellowish  Central  portions  of  all 

sandstones,  days,  and  ^ales,  with  thick  the     coal-fields     of 

coals.  England  and  Wales ; 

Fossils  (freshwater  or  estuarine)t.—Fiah  (mi-  Upper  Coal-measures 

gratory);  Molluscs,  Anthracosiaf  Anthraco-  oi  Scotland. 
mya;   Crustacea,  Beyrichia,  Estheria;  An- 
nelids, Spirorbis,   Marine  species,  rare. 


1 


•  *  Coal-fields  of  Great  Britain,*  8rd  edit  p.  80.  Index-sheet  of  formations 
of  the  Oeological  Surrey  (1871). 

t  Though  the  fossils  of  the  Middle  Coal-measures  consist  of  those  biralTes 
abore  named,  and  of  whose  habitat  there  is  some  doubt,  true  marine  bands  are 
occssionally  found,  as  at  Ashton-under-Lyne,  with  Disciteff  Avictdopecteny  Ac, 
8w  **  Geoloffv  of  the  Country  around  Oldham,*'  Mem.  Geol.  Survey,  p.  64. 
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Name  of  Formation. 

Stage  B.  Ganniater  Beds  (Phillips),  or  Lower 

Coal^meaaures,  —  FUgstonea,   ahalea,  and 

thin   ooala,    with    hiurd    ailioeoua   floors 

(Gannister). 

Fossils  (marine). — Fish,  similar  to  those  abore 

(mimtory);  MoUoscs,  Goniatite*,  DiacUes, 

OrthoceraSf  Poaidonia,  Monotis,  Avictdopeo- 

ten,  Anthracosta^  LinguUiy  &o. 

drAOiD.  MUUtone^Orit  Series, — Coarse  grits, 
flagstones,  and  shales,  with  a  few  thin 
coal-seams. 

Fossils  (marine).— Similar  to  those  of  the 
Lower  Ooal-measures. 

Stags  C.    YotedcJU  Series. — Shales  and  grits, 

passing  downwards  into  dark  shales  and 

earthy  limestones. 

Fossils  (marine). — Including  (roma^fj,  Avi- 

culopecteUf    CtenodarUa,    Chonetes,   Discina, 

>     PostdonomyOf  ProductuSy  Ac 

/Stage  B.    Carboniferous  Limestone. — ^Massive 
limestone,  passing  northwards    into    se- 
veral beds,  with  interrening  shales   and 
grits. 
Fossils. — Fish,  Crustacea,  Molluscs,  Crinoids, 
Corals,  &c. ;  all  marine  species. 

Stags  A.  Lower  Limestone  Shale  and  Cakife- 
rous  Sandstone. — Dark  shales  in  some 
places ;  grits,  conglomerates,  and  red  sand- 
stones and  shales  m  the  northern  districts. 

Fossils  (marine). — Spirifera  cuapidaia^  Bhyn- 
choneila  pleurodon^  &c. 

Basis.     Upper  Old  Red  Sandstone,— YeHow 

sandstones  and  conglomerates. 
Fossils  f freshwater  ?). — Not  well  represented 
^     in  England. 


LoealxUes^ 

South    IjaBcaahira*   5. 
Staffordshire.  5. 

Wales  and  S.  Waka. 


Uplands  of  Y'ork^strev 
ijancasfaire,  &n<i  Der- 
bTshire;  N.  StaJFord- 
shire  and  N.  azkd  S. 
Wales,  Ac 

Uplands  mod  rsJlej*  c£ 
jLanoashire,  York- 
shire, Derfojahire,  2C. 
Staffordshire,  Walo, 
&c 

Walea,N.AS.,Derbjslurc^ 

Yorkshire,  Cumber- 
land; in  ScotLanci, 
the  Lower  or  ICain 
Limestone. 

South  Wales,  Northmn- 
berland,an<d  Darham; 
in  Scotland  **  Galea- 
ferous  Sandstone 
Series." 


a  Wales,  Ncn^um- 
berland ;  Sodtlaad 
(Dura Den);  Iivlaad 
(Eiltoroan). 


Thus,  taking  the  lacustrine  formation  of  the  Upper  Old  Bed 
Sandstone  as  the  basis  for  the  succeeding  Carboniferous  system,  we 
ascend  through  a  vast  series  of  essentially  marine  strata  with  oceanic 
beds,  until  we  reach  the  top  of  the  Gannister  stage,  where  a  change 
occurs  in  the  character  of  the  fossil  forms,  and  the  marine  molluscs 
give  place  to  those  of  freshwater  or  estuarine  characters.  I  hope  to 
be  able  to  show  that  this  change  is  coextensive  with  the  British 
Isles  and  at  least  the  neighbouring  European  Carboniferous  dis- 
tricts. 

PabtIL 

Irish  GARBOiapsRors  Dibtbicts. 
A.  Southern  Coal^istt^ts. 

We  now  come  to  the  consideration  of  the  Carboniferous  series  of 
Ireland,  taking  the  districts  in  the  order  indicated  above. 


Digitized  by  VjOOQIC 


OF  THB  GABBOKIFEBOUS  SERIES.  617 

These  include  the  coal-fields  of  Castlecomer  and  Killenaule,  with 
the  Borroonding  districts  occupying  portions  of  the  counties  of 
Carlow,  Queen's  County,  Kilkenny,  and  Tipperary,  those  of  Mill- 
street  in  CO.  Cork,  and  a  few  patches  in  the  counties  of  Kerry, 
Limerick,  and  Clare.  The  succession  of  the  heds  above  the  Carbo- 
niferous Limestone  in  these  districts  is  remarkably  uniform,  and 
has  been  illustrated  in  the  memoirs  of  Griffith,  Kane,  Meadows, 
and  of  the  officers  of  the  G^logical  Survey ;  so  that  all  that  remains 
for  me  to  do  is  to  describe  the  series  in  one  district  as  a  type  of  the 
whole,  and  refer  the  different  beds  to  their  representatives  in  Eng- 
land and  Wales.  For  this  purpose  I  shall  take  the  section  which 
may  be  made  out  in  crossing  the  country  from  east  to  west  through 
Carlow  €uid  the  centre  of  the  coal-basin  of  Castlecomer,  referring  to 
the  accompanying  section  (fig.  1)  in  illustration  of  the  subject. 

It  will  be  seen  from  this  section  that  the  Castlecomer  Coal- 
field forms  a  basin,  in  the  centre  of  which  are  the  highest  beds,  sur- 
rounded by  a  zone  of  "  Gannister  Beds "  (stage  E)  supported  by 
flagstones,  and  these  latter  by  shales  and  flaggy  beds,  which  in  their 
turn  rest  on  the  Carboniferous  Limestone.  This  order  of  succession 
may  be  observed  in  many  places  on  all  sides  of  the  coal-field ;  and 
the  strata  may  be  arranged  as  follows  in  descending  order,  the 
stages  (A,  B,  C,  &c.)  affixed  to  each  division  corresponding  with 
those  of  the  British  series  (see  Table,  pp.  615,  616)  ; — 

Descending  Series  of  the  CasiUcomer  and  Killenaule  Coal-fields*. 

Stage  G.  Upper  Coal-measurea, — Absent  (probably  owing  to  denuda- 
tion). 

Zr»^.  r  ^'^^^  ^'  ^i^^  Coal-^neasures  (Jarrow  eeries). — Sandstones,  shales 
*■*"""*  Ac.,  with  seyeral  coal-seamB  from  the  "  Jarrow  Coal "  upwards. 

Fossils. — Anthracosia  ( Unio)^  Myalina ;  Crustacea,  Beptilia,  &o. 

(  Stage  E.  *'  Gannister  Beds.'* — Grits,  shales,  and  two  or  three  thin  seams 
of  coal,  with  roofs  containing  marine  shells. 
FossTLS. — PhUlipsiaf  Bellinurus  regina  (Baily),  Goniatites^  BeHerophon^ 
Aviculopecten,   and   many  others  stated  below,  recently  disoorered 
(p.  6215. 

Stage  D.  Flagstone  Series  (representing  Millstone  Grit  Series). — ^Beds 

of  rippled  micaceous  flagstones  and  shales. 
Fossils.— Chiefly  tracks  of  marine  Annelids  or  of  Molluscs  t. 

Stage  0.  8haU  Series  (representing  the  Yoredale  Beds). — Ghrey  sandy 
shales,  passing  downwards  into  dark  shales,  with  earthy  limestones. 

Fossils. — GoniatUes  apharicus,  BelUropkony  Etiomphalus^  Aviculopecten 
papyraceuSt  Posidonomya  Becheriy  P,  membranacea,  &c. 

Stage  B.  Carboniferous  Limestone. — (a)  Upper  Limestone  (with  beds  of 
chert);  Coralline ;  (b)  Middle  Limestone  or  "Oalp"  beds;  Carbona- 
I  oeous  shales  and  earUiy  limestones;  (c)  Lower  Limestone,  compact 

I         Umestone,  often  dolomitic. 

Total  thickness  1700  ft. 


*  Explanation  of  sheets  136  and  137  of  the  maps  of  the  Geological  Surrey 
of  Ireland, 
t  W.  H.  Baily,  Explan.  of  sheet  128  of  the  maps  of  the  Geo!  Survey,  p.  15. 
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The  XjO'w^er  limestone  here  rests  on  the  granite  of  Leinster^  so 
that  Stage  A  is  not  represented  here. 

It  will  be  unnecessary  for  me  to  give  a  detailed  description  of  the 
range,  and  order  of  succession,  of  the  Carboniferous  beds  in  this 
district,  after  the  numerous  publications  already  in  existence 
treating  of  this,  the  most  important  coal-field  in  the  south  of  Ire- 
land *  ;  and  I  shall  therefore  confine  my  observations  to  those  points 
-which  concern  my  argument,  namely  the  upper  limit  of  the  truly 
marine  fauna,  and  its  representative  horizon  amongst  the  British 
series. 

The  shales  overlying  the  Carboniferous  Limestone  are  admitted 
by  all  observers  to  be  essentially  marine,  the  large  number  of  fossils 
which  have  been  collected  both  by  Griffith  and  the  officers  of  the 
Geolc^cal    Survey  having  placed  this  beyond  question;   of  these 
Posidonomi/a  Becheri  is  perhaps  the  most  characteristic  form.     We 
have  only  to  compare  the  lists  of  forms  obtained  from  these  beds  in 
the  south  of  Ireland  with  those  from  the  Yoredale  Shales  of  the 
north  of  ^England  to  see  that  the  fossils  of  the  one  are  representative 
of,  if  not  identical  with,  those  of  the  other,  and  that  both  are  of 
marine  origin  f.     Here  we  find  Goniatites,  BeUerophon,  ExAompha- 
lus,  AvictUopecten,  and  Posidonomya^  the  successors  of  the  forms 
which  flourished  more  vigorously  in  the  sea  of  the  preceding  period. 
Physical  break  between  the  Limestone  and  Yoredale  Shales, — The 
line  of  demarcation  between  the  Carboniferous  Limestone  and  over- 
lying shales  is  more  than  usually  decisive  around  the  Leinster  Coal- 
field.   Mr.  Hardman,  of  the  Geological  Survey,  assures  me  that  there 
is  not  only  an  abrupt  change  in  the  mineral  character  of  the  beds, 
but  that  this  is  accompanied  by  a  physical  break  or  discordance. 
This  abrupt  change  is  general  over  the  southern  districts  of  Ire- 
land J. 

In  fact  the  upper  beds  of  the  limestone  have  in  this  region  un- 
dergone a  species  of  pseudomorphism,  and  are  largely  converted 
into  chert ;  and  my  colleague,  Mr.  Hardman,  agrees  with  me  that 
this  process  has  taken  place  before  the  deposition  of  the  Yoredale 
Shales,  and  is  a  consequence  of  certain  physical  changes  which  took 
place  over  the  bed  of  the  sea.  To  this  subject  I  hope  to  return  on 
another  occasion;  but  I  wish  here  to  observe  that  the  Yoredale  Beds 
of  Ireland  are  more  intimately  associated  with  the  MiUstone  Grit 
and  Gannister  Beds  than  with  the  Carboniferous  Limestone — which 

*  The  following  are  the  principal : — 'Beport  upon  the  Leinster  Coal-district,* 
hv  Sir  R.  Griffith  (1814),  accompanied  by  an  engrayed  map  and  sections ;  Ex- 
panations  of  the  sheets  128  and  142  of  the  maj>8  of  the  Geological  Survey  of 
Ireland,  by  Messrs.  Jukes,  Kinahan,  and  O'Kelly  (1850) ;  "  The  Leinster  Coal- 
field,** by  J.  M*C.  Meadows,  Journ.  Roy.  Geol.  Soc.  of  Ireland,  vol.  iv.  part  i. 
(m^-^) ;  *  The  Coal-fields  of  Great  Britain,'  3rd  edit.  p.  300  et  seq.  (1873). 

t  For  instance,  compare  the  list  given  by  Jukes  and  Geikie,  '  Manual  of  Geo- 
lo^,'  3rd  edit.  p.  592,  with  those  of  the  late  Mr.  Salter  from  the  corresponding 
wnes  in  Lancashire,  "Geology  of  the  Country  around  Oldham,"  Mem.  GeoL 
Survey,  Appendix,  p.  59  ;  and  *'  Geology  of  Stockport,  Macclesfield,  &c.," 
**»rf.  p.  92. 

t  See  Explanation  to  sheet  163  &c.  of  the  CJeological-Survey  Maps,  p.  14 ;  also 
%1.  to  sheet  46,  N.  W.  p.  20. 
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is  an  additional  reason  why  these  formations  should  be  grooped 
together  in  one  division  as  here  proposed*. 

Ascending  into  the  overlying  flagstones  the  molluscous  forms  dk- 
appear,  either  owing  to  migration  or  because  the  strata  were  m^ 
favourable  to  their  preservation ;  but  instead  of  these  we  find  tboee 
remarkable  tracks  both  of  annelids  and  molluscs  which  are  described 
and  figured  by  Mr.  Baily  in  the  publications  of  the  Survey  i".  Tlai 
these  flagstones  and  associated  grits  and  shales  are  the  exact  eqm- 
valents  in  time  of  the  MiUstone-Grit  series  of  England  there  can,  I 
think,  now  be  no  question  since  the  identification  of  the  sacceedi&g 
beds  with  the  "  Gannister  Beds,"  of  the  north  of  England,  which  are 
immediately  superimposed  on  the  Millstone-Grit  series  of  that 
district  J. 

Gannister  Beds. — The  beds  overlying  "  the  Flag  series  **  consist  of 
hard  grits,  shales,  dark  muds  tones,  and  two  or  three  thin  but  woii:- 
able  beds  of  coal,  which  have  been  traced  around  the  entire  coal- 
field, and  worked  at  several  places,  such  as  at  Modubea^,  Wolfhill, 
Bushes,  Tollerton,  Rossmore,  and  Skehana.     The  Bilboa  coal,  witA 
Btllinuras  regina,  lies  above  these  seams,  and  is  included  by  Mr. 
Hardman  in  the  Lower  Coal-measures.     Like  the  Gannister  coal  tkkc 
second  of  these  seams  has  a  hard  floor,  "  compact  and  quartzoee," 
while  the  shale  roof  of  the  Wolfhill  seam  contains  shells  of  the 
genera  Aviculopeden,  Goniatites,  and  BeIler(yphon§;  along  with  these 
are  other  species,  presently  to  be  mentioned,  occurring  near  Castle- 
comer.     Thus  in  every  respect  these  beds  resemble  "  the  Gannister 
Beds  "  of  England,  and,  like  them,  are  characterized  by  a  marine 
fauna. 

The  list  of  fossils  above  given  has  recently  been  considerably  am- 
plified by  the  discovery  of  a  slightly  calcareous  band  in  the  Lower 
Coal-measures  of  Castlecomer,  just  below  the  rock  of  the  second 
coal,  containing  a  remarkable  assemblage  of  marine  forms.  The 
existence  of  this  band  was  brought  to  the  notice  of  Mr.  Hardman, 
of  the  Geological  Survey,  about  two  years  since,  by  Mr.  Aher,  of 
Castlecomer,  who  states  that  it  was  laid  open  in  a  qtiarry  in  beds 
associated  with  the  Skehana  coal  Ij.  The  fossils,  which  are  usually 
small  in  size,  consisting  both  of  those  discovered  by  Mr.  Aher  and 
subsequently  collected  by  the  officers  of  the  Survey,  have  been 
named  by  Mr.  Baily,  Acting  Palaeontologist  to  the  Survey,  as 
follows : — 

♦  In  the  S.W.  of  Ireland  (Kerry  &c.)  the  Yoredale  Shales  apparently  orerUp 
the  Upper  Limestones  and  rest  on  the  Lower ;  the  change  of  beds  is  clear  and 
decisiye. 

t  *  Explanation  "  to  sheet  128  of  the  (Jeological-Snrvey  Maps,  p.  14. 

j  That  the  i»hole  series  from  the  top  of  the  Limestone  into  the  upper 
measures  of  the  coal-field  represents  the  "Millstone  Grit  and  Yoi^edale  Series  ** 
of  England  has  been  suggested  by  the  late  Professor  Jukee  himself.  (See 
Jukee  and  Qeikie's  '  Manual  of  Geology/  p.  591,  as  well  as  in  other  places.) 

§  Jukes  and  Kinahan,  Explan.  sheet  128,  p.  13. 

I  The  position  of  the  band  from  which  Phulipsta  has  been  taken  is  (according 
to  Mr.  Hard  man)  twenty  yards  above  the  second  or  "  Skehana  Coal."  The  beds 
consist  of  dark  bluish  shales,  underlying  a  massiye  and  coarse  sandstone  weU 
known  throughout  the  district 
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FbssUsfram  the  Lower  Coat-measures  of  Castlecomer. 

-,  r  Phillipsia  pustulata  (Schloth.,  bd.). 

Crubtacba  I  LeperditiaOkeiu?(ilfun«^.,8p.). 


ClP  AliOPODS  . 


LiAim^I^IBRANCHS 


Bkachiopods  , 


Gbniatites  fasciculatus  {M*Coi/). 

crenistria  {Phil.). 

Nautilus  (like  cyclostomus,  Phil.). 
Orthoceras  Steinhaueri  {Sow.). 

Gastsropodb Euomphalus  (sp.  inc.). 

^  Ayiculopecten  (Lima)  altematus  {M^Coy). 

grano8U8  ? . 

Axinus  (sp.  inc.). 

Edmondia  (small  sp^. 

PuUastra  bistriata  {Portl.), 
^  scalaris  {M^Coy). 

*  Athyris  planosculata  {Phil.). 
Orthis  resupinata  (Mart). 
Product  us  semireticulatus  {Mart.), 
Rhjnchonella  pleurodon  {Phil.). 

^  Spirifer  pinguis  {Sow.)^  or  trigonalis. 

Cbinoids ,.      Actinocrinus  (joints  of,  abundant). 

The  above  list  of  16  genera  and  19  species  shows  the  essen- 
tially marine  character  of  the  fauna  of  this  stage,  and  its  close 
connection  with  the  Lower  Carboniferous  group.  The  most  remark- 
able, perhaps,  of  the  whole  series  heads  the  list.  Several  portions 
of  individuals  of  this  trilobite  were  discovered ;  and  this  is  probably 
the  first  time  its  presence  in  the  British  Islands  has  been  recorded 
in  beds  higher  tiian  the  Yoredale  shales,  in  which  it  is  found  in 
other  parts  of  Ireland.  In  Morris's  *  Catalogue  of  British  Fossils ' 
it  is  placed  in  the  Carboniferous  Limestone  both  of  England  and 
Ireland  ;  and  its  survival  into  the  stage  of  the  Lower  Coal-measures 
is  another  connecting  link  between  the  two  formations.  Further 
on,  it  will  be  shown  that  it  has  been  recognized  by  Prof.  Romer  in 
Ms  of  this  stage  in  Silesia  (p.  638).  The  Middle  Coal-measures 
contain  Anihracosia  {  Unio),  which  has  been  observed  by  Mr.  Hard- 
man  above  the  "  Old  Three-foot "  coal. 


Slieveardagh  Coal-field^  Co.  Tipperary, 

The  general  section  of  this  coal-basin  resembles  that  of  Kilkenny 
and  Carlow.  The  beds  lie  along  a  sharp  synclinal  fold  tbe  axis  of 
'wMch  ranges  in  a  N.E.  direction,  in  the  centre  of  which  the  highest 
coal-seams  occur.  The  district  has  been  described  by  the  oflScers  of 
the  Geological  Survey,  Messrs.  F.  J.  Foot  and  J.  O'Kelly,  and  the 
foseila  by  Mr.  Baily.  The  shales  overlying  the  lower  coal  (called 
'*  ^^pper  and  Lower  Glengoole  *'  seams)  contain  Amcuhpecten,  Mya^ 
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citeSy  and  Myalina^  and  a  large  number  of  plants*;  and  we  can  re- 
cognize in  the  upper  seams  the  representatives  of  the  Coal-measores 
stage  F,  which  has  a  very  restricted  area  in  this  district. 

Limerick^  Clare^  Sfc, — From  the  observations  of  Messrs.  Xinahan 
and  Foot  it  is  known  that  the  section  of  the  Carboniferoas  beds  of 
the  south-west  of  Ireland  is  similar  to  that  of  the  south-east  -f .  The 
following  is  the  general  section  as  given  by  these  authors,  ^th  tJie 
stages  to  which  Uie  beds  are  referable. 


General  Section^  in  descending  order  J. 

ft.  in. 
Shales  principallj.    Thickness  not  determinable. 

"  Monej-Point  Flag "  seriee about     150    0 

Shales  principally „  100    0 

in.  coal 1    6 

f  Intermediate  beds about  GOO  0 

II.  coal   2  6 

Intermediate  beds about  700  0 

L  coal 0  6 

s*An»T»  fGrito  and  shales about     930    0 

°^^"^ t  Lower  Flagstone  series „  70    0 

fl-TAnv  P                  /  Shale  series,  with  PosidonotMfa  vetusta  and   P. 
°^^°*^  I     Becheri,  Goniatiies crenistria,  &c   500    0 

Staqb  B  Carboniferous  LimesUine. 

The  stage  E  probably  includes  all  the  beds  to  the  top  of  the  aeries 
of  that  district.  At  Knockabooly  Colliery,  Mr.  Kinsihan  found  in 
the  shales  overlying  No.  II.  coal  Fosidonomyaf  and  a  number  of  mi- 
nute univalves  figured  and  described  by  Mr.  Baily  under  the  name 
of  Loxonema  minutissimay  a  marine  form.  In  other  places  over  the 
same  coal  Goniatite^  have  been  found§. 

Over  coal  No.  III.  the  shells  are  similar  to  those  from  the  shales 
over  the  "  Bilboa  coal,"  co.  Carlow,  namely  Qoniatites  and  Aincvdo- 
pecten.  Bivalves  ("  allied  to  Unio  ")  are  found  in  about  the  same 
position  ||. 

I  have  every  hope  that  on  the  completion  of  a  fresh  survey  of  this 
district  the  extent  and  thickness  of  these  successive  stages  will  be 
clcaiiy  made  out.  It  is  sufficient  for  our  present  purpose  to  be 
certain,  from  the  investigations  of  the  officers  of  the  Survey,  that 
the  general  succession  of  the  beds  is  similar  to  that  in  Tipperary, 
Kilkenny,  and  Carlow,  and  that,  like  these,  they  show  the  prevalence 
of  marine  conditions  throughout  this  stage. 

*  Explanation  to  sheet  142  of  the  Geological  Suryev  maps. 
t  Ibid.  p.  9. 

Explanation  to  sheet  146,  pp.  11  and  21. 

Ibid.  p.  37. 
I!  Tbe  proper  identification  of  these  biyalTcs  is  very  dif&cult,  and  their  rebr 
tions  are  somewhat  problematicaL 
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B.  The  Northern  Coal-district. 
This  includes  the  Leitrim  and  the  Tyrone  coal-fields,  of  which  a 
short  description  will  suffice,  as  several  accounts  with  very  full 
details  are  already  in  existence,  my  only  object  being  to  show  how 
the  succeesive  stages  which  can  be  recognized  in  the  south  are  also 
here  fully  represented. 

1.  The  Leitrim  CodL-JUUds, — ^These  have  been  described  by  Sir  R. 
Griffith*,  Sir  R.  Kanet,  the  late  Mr.  Du  NoyerJ,  and  Mr.  Readwin* 
They  are  now  being  surveyed  by  Mr.  Cruise,  of  the  Geological  Sur- 
vey ;  and  some  of  the  maps  are  already  published  §.     They  occur  in 
the  form  of  several  detached  tablelands  on  both  sides  of  Lough 
AUen,  from  1000  to  1377  feet  above  the  sea.    The  Yoredale  shales 
are,  as  is  ^we\l  known,  rich  in  beds  of  ironstone,  which  were  formerly 
smelted  at  the  Arigna  Ironworks,  built  on  the  western  shore  of  the 
lough.     The  beds  of  coal,  three  in  number,  occur  partly  in  the 
MiUstone  Grit,  which  rises  in  terraced  escarpments  above  the  slopes, 
and  in  Cnilcagh  reaches  an  elevation  of  2188  feet,  giving  rise  to 
scenery  resembling  that  of  the  Yorkshire  and  Derbyshire  uplands. 
The  succession  of  the  beds  from  this  mountain  to   EnniskUlen  is 
given    by   PhiUips  in   his  'Geology  of  Yorkshire '||.     It   requires 
some  modification,  but  is  in  the  main  correct.     The  general  series 
of  Lough- Allen  beds  is  as  follows,  in  descending  orderT  : — 

Section  at  Kilronan,  Co.  Leitrim, 

''1.  Flaggy  grits  and  shales    180    0 

2.  Dark  shales  with  thin  flagstones,  and 

Stage  E.  ,  numerous  marine  fossils—  Goniatites 

Gannvsier  Beds.  ]  crenistria,  Orthoceras  Steinhauerif  Po- 

sidonomt/a  Becheri 170    0 

\^Topcoal 2    6 

/Hard  massive  grit 40  to  60  0 

Dark-blue  shales  with  ironstones 40  0 

Secondcoal 1  6 

Staged.               I  Hard  grit    5  0 

Millstone  GrU**.       \  Shales  wilh  a  thin  coal  and  marine  shellstt  10  0 
Massive  hard  grit,  fine-grained,  with  nume- 
rous stems  of  Lepidodendron,  Sigil' 

laria,  &c 80  0 


*  "On  the  Connaught  Coal-fields,"  Rep.  to  Royal  Dublin  Society,  1818. 

t  *  Industrial  Resources  of  Ireland,'  2nd  edit. 

X  "  On  the  Bituminous  Coal  of  the  Arigna  District,"  QceoX.  Mag.  March  1863. 

§  Mr.  R.  J.  Cruise,  who  has  surveyed  this  district,  has  also  made  analyses  of 
the  coal,  which  approaches  "  steam-coal "  in  quality. 

I  *  Geology  of  Yorkshire,'  part  ii.  p.  11  (1836).  The  name  is  there  spelt 
"  Kulkeagh.^' 

1[  '  Coal-fields  of  Q-reat  Britain,'  3rd  edit.  p.  308.  In  my  description  of  this 
district  I  have  given  a  section  founded  on  that  by  the  late  Mr.  Du  Noyer. 

**  The  divisional  line  between  stages  D  and  E  is  rather  uncertain.  Possibly 
"le  beds  above  the  lowest  Millstone  Grit  may  probably  be  placed  in  stage  E. 

tt  The  following  species,  determined  by  Mr.  Baily : — Aviculopecten,  Rht/n- 
chonella  pleurodon,  PosidoTwrnf/a  Becheri^  P.  B.^  var.  memhranacea,  Goniatites 
^tnistria^  Lunitiocardium  Footi  (Baily).    Also  a  species  of  Palaoniscus. 
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(Grey  and  dark  shales,  with  bands  of  flag- 
stone, day-iroastone,  and  cemtnt- 
etones.  Fossils  abundant^  Goniatitei, 
Posuion&mya  Becheri^  &C. 600  % 

Staqb  B Carboniferous  Limestone. 

In  the  above  series  we  have,  in  stage  E,  clearly  tiie  repreeentv 
tives  of  the  Gannister  Beds  with  their  characteristicallj  maimt 
fauna,  in  addition  to  the  Millstone  Grit.  It  is  somewhat  doabtfnd 
where  the  line  between  these  two  divisions  should  be  draim ;  bci 
this  is  of  little  moment  so  long  as  we  can  be  certain  that  thev  ar« 
both  there.  The  representatives  of  the  [Middle]  Coal-measures 
(stage  F)  have  been  entirely  removed  by  denudation. 

2.  The  Tyrone  Coal-field, — This  is  the  most  important  ooal-fieU 
in  Ireland,  as  in  it  the  Coal-measures  (stage  F)  are  developed  to  a& 
extent  nowhere  else  equalled,  and  contain  numerous  beds  of  bitumi- 
nous coal  (see  Section,  fig.  2,  p.  618).  The  Lower,  or  Gannister  beds 
are  ver}'  largely  developed,  while  on  the  other  hand  the  Millstoiie 
Grit  and  Yoredale  beds  are  comparatively  unimportant  as  regards 
their  vertical  thickness. 

An  admirable  Eeport  on  the  structure  of  this  coal-field  was  drawn 
up  in  1829  by  Sir  R.  Griffith  for  the  Royal  Dublin  Society  ;  and  since 
then  the  Geological  Survey  of  the  district  has  nearly  been  completed, 
and  a  memoir  thereon  by  Mr.  Hardman  will  shortly  be  issued. 
The  coal-field  itself  forms  a  triangular  area,  bounded  along  the  north 
by  a  large  upcast  fault,  bringing  to  the  surface  the  Carboniferout 
Limestone,  along  the  east  by  the  Triassic  formation  (below  which 
the  Carboniferous  beds  extend),  and  along  the  south  by  the  natural 
outcrop  of  the  strata.     At  Drumglas  CoUiery  the  lowest  seam  has 
been  worked,  its  position  being  near  the  base  of  the  Lower  Coed- 
measures  (stage  E).     A  synopsis  of  the  Carboniferous  series  by  Mr. 
E.  T.  Haidman  is  published  in  the  Trans,  of  the  British  Associatioa 
for  1874,  from  which  the  following  section  is  condensed  ♦. 

Section  of  the  Tyrone  Coal-field  near  Dungannon  (fig.  2). 

Feet 

Stage  F.  Coal-measures. — Sandstones,  shales,  and  days,  with  eight  or 
ten  coal-seams.  Fossils :  fish,  Anthracosia^  Lingula  squamosa^  &c. 
(Coal  island),  plants,  ferns,  Ac about      930 

Stags  E.  Gannister  Beds. — Sandstones,  shales,  &o.,  and  two  or  three 
workahle  coals  (Crenagh  and  Drumglas).  Fossils:  fiah-remaina, 
Orthoceras^  GonuUites^  rrodnctus^  and  Lingular about     1000 

Stage  D. — Millstone  Grit, — Coarse  grits  below  the  Drumglas  Cfoal     „         200 

Stage  C.  Yoredale  Beds. — Black  shales  with  bands  of  limestone,  sand- 
stone, and  clay-ironstone  nodules    GOO 

Stage  B.  Carboniferous  Limestone  (Dungannon). 

♦  "On  the  Structure  of  the  Tyrone  Coal-field,"  Bep.  B.  A.  Trans.  Sect.  p.  77 
(1874}. 

t  Lingula  squamosa  occurs  in  shales  over  the  "  Crenagh  Coal,**  which  is  high 
up  in  the  Lower  Coal-measures  (#ee  Geological-Survey  maps,  6-ineh  scale,  No.  Al^ 
CO.  Tyrone) ;  also  above  the  Yard  and  Belteboy  seams  in  stage  F. 
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The  Qannister  Beds  are  of  unosnal  but  unknown  thickness ;  they 
occupy  a  considerable  tract  between  Drumglas  Colliery  and  Coal 
island,  and,  though  only  partially  explored,  have  been  proved  to 
contain  some  of  the  marine  Mollusca  characteristic  of  stage  E.  Thus 
over  the  Crenagh  coal  Lingula  squamosa  occurs  in  considerable 
numbers  associated  with  Orthoceras,  BelleropTwn,  and  Productus. 
Just  above  "  the  Drumglas  coal "  Lingula  occurs  abundantly,  and  in 
beds  200  yards  higher  up  Ooniatites  *. 

3.  The  Ballycastle  CoaUfield^  Co,  Antrim  (Lower  Carboniferous). — 
This  is  the  last  of  the  Irish  coal-fields  requiring  our  attention ;  and 
it  stands  alone  in  geological  position,  for  there  can  be  little  doubt 
that  it  is  the  representative  of  the  "  Lower  Coal-fields  "  of  Scotland, 
and,  like  them,  of  the  age  of  the  Yoredale  Beds  and  Carboniferous 
Limestone.     It  has  been  the  subject  of  several  memoirs  by  Bergerf, 
BryceJ,  and  Griffith  §,  the  last  of  whom  gives  a  very  elaborate  account 
of  the  remarkable  features  of  this  district.     While  making,  in  1869, 
a  rapid  survey  of  this  coal-field  in  order  to  arrive  at  some  approxi- 
mate estimate  of  its  resources  for  the  Eoyal  Coal-Commission,  I  was 
so  struck  by  the  general  resemblance  of  the  beds  to  those  which 
form  the  Lower  Coal-field  of  the  Clyde  basin,  that  I  came  to  the 
conclusion  that  they  also  were  of  Lower-Carboniferous  age,  a  con- 
clusion confirmed  by  the  evidence  of  the  fossils  ||. 


General  Section, 

The  general  section  seems  to  be  divisible  into  two,  possibly  three, 
stages,  corresponding  to  stages  A,  B,  and  possibly  C  of  the  classifica- 
tion here  adopted,  and  is  as  follows  If : — 

Upper  Beds.  Stage  0. — Reddish  and  grey  sandstonee,  shales  with 
seams  of  co^,  clay-band  and  black-band  ironstone.  Lingula 
squamiformis  (Phil.),  Sagenaria  imhrieatat  SigiUariay  &c. 

Mn>DLK  Beds.  Stage  B. — Compact  argillaceous  limestone  in  two  thin 
beds  with  shales.  Fish,  Orthoceras  Sfeinhaueri,  Seller ophon  Urii^ 
Murchisonia  angulata^  Leda  attenuata,  Bhgnchonella  pleurodon^ 
Productus  gigatUeus,  &c. 

LowEE  Beds.  Stage  A. — Red  and  yellow  sandstones,  sometimes  coarse, 
with  shales  and  black-band  ironstone:  conglomerate  at  base  (Mur- 
loch  Bay). 

(The  entire  thickness  exceeds  1200  feet). 


Information  supplied  by  Mr.  Hardman. 
t  Trans.  Geol.  Soc  Lond.  ser.  1,  toI.  iii. 
X  Ibid.  ser.  2,  Tol.  t. 

I  *  Geological  and  Mining  Surrey,'  Dublin,  1829. 

II  The  fossils  have  been  determined  by  Mr.  W.  H.  Baily,  and  are  given  in 
jy  paper  "On  the  Geological  Age  of  the  Ballycastle  Coal-field,"  Joum.  GeoL 
«^  Ireland,  vol.  i.  New  Series,  187L 

1  'Coal-fields  of  Great  Britain,*  p.  314  (1873). 


Digitized  by  VjOOQIC 


626  SDWABB  HULL  OV  TES  CULBSmCkTIOV 

On  a  former  occasion  I  have  endeayonred  to  explain  the  ongiii  oi 
the  phenomena  presented  in  this  ooal-district  ♦.  Here  ire  fi^  iht 
Carboniferous  Limestone  represented  by  only  a  few  feet  of  that 
material,  its  place  being  taken  by  sedimentary,  or  mechanicil, 
deposits.  It  is  exactly  a  parallel  case  with  that  which  occnrs  in 
North  Britain.  In  the  Clyde  basin,  as  is  well  known,  the  Carboni- 
ferous Limestone  (as  such)  is  represented  by  only  a  few  thin  bands, 
which,  however,  swell  out  as  we  proceed  southwards,  nntil  in 
Derbyshire  the  formation  is  a  solid  mass  of  limestone  at  least  5OO0 
feet  in  thickness  t.  The  changes  which  took  place  in  Britain  during 
the  period  of  the  Carboniferoua  Limestone  and  subsequently,  had 
also  their  counterpeu-t  in  Ireland.  Thus  we  find,  in  proee^iing 
northwards  from  the  central  plain,  the  beds  of  limestone,  which 
there  attain  a  thickness  of  2500  feet,  begin  to  change  their  charac- 
ters. In  Fermanagh,  Tyrone,  and  Armagh  the  "  Calp,"  or  Middk 
Limestone,  has  passed  into  massive  sandstones  and  beds  of  shale 
with  very  thin  coal-seams  ;  and  the  Lower  Limestone  is  largely 
mixed  with  similar  beds.  Still  further  north  the  hmestone  dimi- 
nishes in  thickness,  till  on  the  shores  of  Antrim  and  in  Deny  ti}e 
calcareous  beds  seem  on  the  point  of  disappearing. 


Part  IH. 
ENeLisH  Cabbokipebous  Distbiots. 

Having  now  completed  our  survey  of  the  Irish  Carboniferous 
districts,  I  propose  briefly  to  extend  it  over  the  British  area,  in  order 
to  point  out  the  equivalent  stages.  A  brief  description  of  a  few 
typical  Ecctions  will  probably  be  considered  suflScient — as  so  much 
has  been  written  on  the  subject  already. 

Adopting  the  lettering  of  the  successive  stages,  as  already  giren 
in  the  Table  (pp.  615,  616)  of  the  British  Carboniferous  Series,  I 
shall  commence  with  South  Lancashire,  which  may  be  taken  as  the 
typical  district,  owing  to  the  magnificent  development  of  all  the 
stages  from  the  Mountain  Limestone  upwards. 

(1)  South-Lancashire  DistricU 

Our  knowledge  of  the  succession  of  the  beds  in  this  district  is 
largely  ovnng  to  the  labours  of  Mr.  E.  W.  Binney,  F.ILS. ;  and  the 
mode  of  clasification  adopted  by  the  Geological  Survey  differs  bat 
slightly  from  his.     It  is  as  follows : — 

♦  *i  On  the  Geological  Age  of  the  Ballycaatle  Ooal-fieWr  supra  cii.  The 
details  of  the  aboTe  are  treated  in  the  author's  paper  "  On  the  BelatiTe  Diitribu- 
tion  of  the  Calcareous  and  Sedimentary  Strata  of  the  Carboniferous  Penod," 
Quart.  Joum.  Oeol.  Soc.  vol.  xviii.  p.  127. 

t  Some  recent  authors  haxe  placed  the  thickness  of  the  Derbyshire  limostoiM 
at  only  half  this  amount;  but  the  measured  sections  published  by  theGeolngioal 
Surrey  place  the  thickness,  as  here  stated,  almost  beyond  doubt 


Digitized  by  VjOOQIC 


OF  THX  CARBOKlTSROXra  SBSIB8.  627 


MaTinnim  thickness. 

feet. 

Stagb  G-.    Upper  6W-47tea^r«9.^Shales,  sandstones,  and  limestones  of^ 

Ardwick,  -with  SpirorbiSf  Cjt/there,  and  fish.    A  bed  of  black-band 

ironstone,  ^with  Antktacosia  Phillvpsiu    Below  these  red  sandstones, 

ahalee,  anid  thin  coal-seams* 


1680 

I-   to 
2000 


Staos  F. 

Arley  mine.    Anthracosiaf  AfUhraGomt/a^  &a J  4000 


s*.   [Middle]  Coal-measures. — Sandstones,  shales,  clays,  and  thick  1  3000 
coal-Beams,  from  the  "  Worsley  Four-feet  coal "  to  the  fla^  below  the  I   to 


Stags  S.  Gcmntsier  Beds. — Flagstones,  shales,  and  thin  coal-seams,  one 
of  which  has  a  hard  siliceous  floor  (Gbinnister).  Goniatites  Listeri, 
Nautilus,  ^victUopecten  papyraceus^  Lingula  squamiformis,  Anthra- 
cosia,  Spirorbis,  Gsib,  Ac 


1400 

y  to 

2000 


Stags  D.  Millstone  Grit. — Coarse  grits,  flags,  and  shales,  with  a  few  thin  ]  3500 
coals.     'MATineshellBiAvicuU^ectenjPosidonomyaGibsoni^Goniaiitesi   to 
reticulatzcs,  Orthoceras^  &c J  6000 

Stags  O.    Yoreddte  Beds. — Shales  principally,  with  thick  beds  of  grit  in  1  2000 
the  centre  (Yoredale  grit).    Goniatites  excavatus  and  seTeral  other  -   to 
species,  Modiola^  Myalina,  Discina  nitida,  Productus  J  4000 

St^ge  B. — Carboniferous  Limestone^  &o, 

(2)  TorhsMre  and  Derbyshire  Districts, 

feet. 
Stags  G.   Upper  Coal-measures, — Reddish  sandstones,  with  plants  (Ack- 
worth  rock),  and  "  red  rook  of  Botherham  "  resting  unconformably 
on  Stage  Ft   64 

Stags  F.  Middle  Coal-measures. — Sandfjtones,  shales,  clays,  with  iron- 
stones and  coal-seams.    Anthracosia&c.;  %^  2500 

SfAGB  E.  Lower  {or  Gannister)  Beds. — Flagstones  and  shales,  with  thin 
coals,  and  Gannister-floor.  Atnculcpecfen  papvraceus,  Goniatites, 
Posidonomi/a,  Orthoceras  Steinhaueri^  Nautilus  Rawsoni     1000 

Stags  D.  Millstone  ^rt^.— Coarse  grits,  flags  and  shales 2000 

Stage  C.  Yoredale  Beds — Principally  shales,  with  grit  in  centre.  Ma- 
rine fossils 2000 

GtaqeB. — Carboniferous  Limestone  about    5000 

Base  not  seen. 


(3)  North-Staffordshire  District. 


feet 


Staqx  G.  Upper  Coal-measures. — ^Brown  and  reddish  sandstones,  red  and 
mottled  days,  and  shales,  thin  coals  and  ironstones  down  to  the  ''  red 
mine  "-band.  A  bed  of  limestone  at  Fenton,  with  Spirorbis  earbo' 
iMriuSf  and  Anthracomya  Phillipsii  (Shelion)    1600 

*  Marine  shells  occur  in  a  band  in  thisposition  at  Afihton-under-Lyne — AvicuUh- 
P^en  fihrillosus  (Salter),  Ctenodonta,  Goniatites,  Nautilus  pracox  (Salter),  jDw- 
^es  rotifer  (Salter).  These  were  discoyered  by  my  colleague.  Prof.  A.  H,  Green ; 
>©e  '  Geolo^  of  Oldham,'  Mem.  Qeol.  Survey. 

t  Assummg  that  the  "  Ackworth  rock "  is  the  "  red  rock  of  Botherham," 
which  Mr.  Ayeline  describes  as  unconformable  to  the  Coal-measures  underneath. 
The  plants  are  Lepidodendron  aculeatum,  L.  obovatum  ?,  Catamites  Suckovii,  and 
^^igillaria,  as  determined  by  the  late  Mr.  Salter,  **  Geology  of  Parts  of  Notts, 
York,  and  Derby,"  by  W.  T.  Aveline,  F.G.S.,  Mem.  Geol.  Surrey  (1861). 
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Stage  F.  Coal-ineasures. — Sandstones,  cUjs,  and  shales,  with  nmn^tMB    hi. 
beds  of  ironstone  and  coal.     Fish-remains  abundant^  also  Amdtra- 
cosia^  Anthracomya,  and  Anthracoptera.    One  or  two  marine  bands 
occur  oyer  the  "Ten-foot  Coal  of  Hanley*** -...    3S» 

Stage  R  Gannister  Beds, — ^Black  shales  and  flags,  with  a  few  thin  eodb 
and  red  ironstone.  Orthoceras,  GoniaHUs  Luteri,  lAnffuIOj  Amcftb- 
pecten  papyraceuSf  Anthracomya «    WW6 

Stage  D.  Millstone  Grit, — Coarse  grit,  shales,  and  flags WOI 

Stage  0.  Yoredale  Beds. — Bark  shales  and  yellow  grits,  with,  marine 
shellst, — Goniatites  excavafus  (Phil.),  G.  ohtusus  (Phil.),  G.  retint^ 
lotus  (Phil.),  (j.  truncatus  (Phil.),  MacrocheiluSy  Avknlopeffen  pa- 
pyraceus,  A.  altematus,  Inoceramus,  Ctenodonta  pibbooa,  MyaUmA, 
.Discina  nitidat  Productus  longispinus,  &c ——    31^ 

Stags  B.  Carboniferous  Limestons, 

(Base  not  visible). 

The  very  complete  lists  drawn  up  by  the  late  Mr.  Salter  J,  prore 
that  the  great  mass  of  the  central  measures  were  either  cstnaiine  or 
freshwater — the  MoUusca  being  represented  by  Anthracosia  and  its 
congeners, — while  those  of  the  Lower  Coal-measures  are  distinctiTeiT 
marine.  Mr.  Ward,  F.G.S.,  of  Longton,  however,  has  discovered 
two  bands  of  marine  sheUs  amongst  the  Middle  Coal-measures.  One 
of  these,  in  the  black  shale,  overlying  the  "  Bay  Coal "  contains  sbelb 
of  the  genera  Nautilus,  OoniatiieSj  AviculopecUn,  Melanioy  Prodwif^ 
Discina,  and  Lingula ;  and  Mr.  Ward  informs  me  that  he  has  lately 
discovered  another  band  with  similar  fossils  above  the  "  Ginmine" 
coal,  near  the  bottom  of  the  Middle  Measures  §. 

(4)  Flintshire  and  Denbighshire. 

feet 
Stage  G.  Upper  Coal-measures. — ^Eed  and  grey  sandstones,  red  days;, 
shales,  and  a  few  thin  coals.    A  band  of  limestone  with  Spirof^ 
carbonarius 1000 

Stage  F.  [Middlel  Coal-measures. — Sandstones,  shales,  &c.,  with  coal- 
seams  and  ironstones,  fish-remains  |  and  Anthracosia^  &e.   600 

Stage  F.  Gannister  Beds. — Grits,  flags,  and  shales,  with  thin  coals.     G^ 

niatites,  Avicuhpectenf  &c.^ 1000 

Stage  D.  Millstone  Grit  — Massire  grit,  coarse  and  fine,  with  ahalee 800 

Stage  C. — Shales  (series  thin  here) 100 

Stage  B. — Carboniferous  Limestone 1000  to  1500 

Stage  A. — Shales,  thin  or  absent OtodO 

♦  Salter,  'Iron-ores  of  Great  Britain,'  part  ii.  Appendix.  Mr.  Salter  has 
giyen  yery  complete  Usts  of  the  beds  in  descending  order.  With  two  exceptiooir 
the  truly  marine  genera  are  confined  to  the  Lower  Measures. 

t  Determined  by  Mr.  Salter  and  Mr.  Etheridge,  **  Geology  of  Stockport,  Acn* 
Mem.  Geol.  Surrey,  1866. 

iLoc.  supra  cit.  §  Letter,  dated  Aug.  4,  1876. 

BhizoduSy  CotlacanthuSy  PlatysomuSt  and  PalaoniscuSt  according  to  Sir  P. 
Egerton. 

%  Determined  by  Mr.  Binney,  F.R.S.,  and  communicated  to  the  writer,  *  Cosl- 
fields  of  Great  Britain,'  3rd  ed.  p.  149. 
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The  thinness  of  Stage  A  is  accounted  for  by  the  supposition  of 
the  proximity  of  land  at  this  period.  The  Old  Red  Sandstone  is  but 
sparing^ly  represented. 


(5)  Coalhrooh'Dah  Coal-field. 

The  observations  of  Prof.  Prestwich,  followed  more  recently  by 
those  of  Mr.  Marcus  W.  T.  Scott*,  Mr.  Bandall  t,  and  Mr.  D.  JonesJ, 
show  that,  after  the  Lower  and  Middle  Measures  (Stages  £  and  P) 
had  been  deposited,  a  considerable  amount  of  denudation  took  place 
along  the  centre  of  the  field,  and  that  la  the  hollow  thus  formed  the 
Upper  Measures  (Stage  G)  were  deposited.  There  is  therefore  a 
consdderable  break  between  Stage  G  and  those  below  it. 

General  Section. 

Tkiokuess— feet. 
Stags  G.    Upper  Coal-fneaaures. — MotUed  ckjs  and  greenish  gnU ;  calca- 
reous breooia  with  band  of  compact  limestone.    Spirorhia  carbonarius    300 

Staob  F.   Coal-measures. — Yellow  sandstones,    shales,  and  clays,   with ' 
ironstones  and  coal-seams.    Fish-remains,  ^;)Mra^sia   


nooo 


Stags  E  §.  Gannisier  Beds  (or  Fennystone  Series). — Sandstones,  shales, 
with  coal  and  ironstone  (Penn  jstone-  and  Crowshaw-bands  || ).  Crus- 
tacea, Limulus;  Mollusca,  Xfautilus,  Orthoceras,  Bellerophan^  Conu- 
laria,  Spirifer  bisulcatuSf  Productus  scaMculue,  Amculopecten,  Lin- 
gular Rnynchonella    

Stages  D,  C,  &  B  are  but  poorly  represented,  and  Stage  A  not 
at  alL  This  is  owing  to  the  proximity  to  the  marginal  land  and  the 
existence  of  terrestrial  conditions  during  the  early  portion  of  tho 
Carboniferous  period  If.  Having  dealt  with  this  subject  on  former 
occasions,  I  do  not  consider  it  necessary  to  enter  upon  the  physical 
geology  of  the  Carboniferous  beds  in  this  district  at  the  present 
time,  further  than  to  observe  that  in  the  "  Chance  Pennystono " 
(which  occurs  probably  in  Stage  F,  but  of  which  there  is  some  un- 
certainty) we  have  an  accidental  marine  band  with  Productus  sca- 
hriadtis,  as  described  by  Prof.  Prestwich,  lying  200  feet  above  the 
**  Pennystono"  bed. 

*  Quart  Joum.  Geol.  Soc.  voL  xvii.  p.  457. 

t  Letters  in  the  Mining  Joum.  1871.  J  Geol.  Mag.  vol.  viii.  p.  200. 

,  §  The  fossils  have  been  enumerated  in  detail  by  Prof.  Prestwich  in  nis  ori- 
|vTial  paper,  Geol.  Trans.  2nd  ser.  vol.  t.  1840.  Amongst  them  the  genus  "  Unio  " 
u  mentioned ;  hut  there  can  be  little  doubt  that  the  bivalyes  included  under  this 
head  are  really  not  Uniofies ;  their  association  with  the  marine  genera  makes 
It  highly  improbable.    In  this  view  Mr.  Baily  concurs. 

.  I  The  position  of  the  "  Pennystone"  ironstone  is  f  according  to  Mr.  D.  Jones) 
Just  above  "  the  stinking  "  coal  m  the  lower  part  of  tne  measures. 

%  This  subject  is  explained  at  some  length  in  the  Memoir  "  On  the  Triastdc 
Mid  Permian  Rocks  of  the  Central  Counties,"  Mem.  Geol.  Surr.  p.  109,  and  in 

The  Coal-fields  of  Great  Britaui,*  3rd  edit.  p.  462.  It  is  owing  to  the  same 
c&^^  that  Stages  A,  B,  0,  D  are  absent  in  South  Staffordshire. 

Q.J.G.S.  No.  132.  2t 


Digitized  by  VjOOQIC 


630  EDWARD  HULL  OK  THB  OLASfilllOlIIOar 

(6)  South'StafordMre  CaaX-JUld. 

Stage  G.  Upper  CoaUmeaswru^'-'B^  and  mottled  days,  red  and  grtf 

sandstones,  and  gravel  beds *» 

Stage  F.  CoaUmeaswres. — Shales,  sandrtones,  dajs,  witli  ooal-teaioB  and 
ironstones  abore  the  New-mine  ironstone.  Fish-remains,  JbUktOr- 
cona  (Unio)   300 

Stage  B.  Lower  (or  Gannister)  Beds. — Shales,  sandstones,  with  eoak  and 
ironstone  ("  New  mine  '*  and  "  Pennystone"),  with  marine  fosnla — 
Prodnctm  acabriculus,  Avieulopecten  ecaiartM,  LmffuU  is^rtilotlte 
Conularia  ^ptadriauicata,  &c ^ 

'  As  these  beds  rest  directly  on  the  Upper  Silurian  rodu.  Stages  kf 
B,  C,  and  D  are  not  represented. 

The  marine  fossils  from  the  "  New-  (or  "  White-  '*)  Mine  "  tni 
"  Pennystone  "  ironstones  are  similar  to  those  from  the  ironstooe  ^ 
the  same  name  in  the  Coalbrook-Dale  Coal-field ;  bot^  are  near  the 
bottom  of  the  Coal-measnres,  and  mark  a  definite  marine  horiioo. 
Along  with  the  truly  marine  genera,  bivalves  of  the  genus  Amthr^ 
cosia  (?)  are  sometimes  found ;  but  the  late  Mr.  Salter  states  tlut 
'*  it  appeared  that  generally  where  undoubtedly  marine  shells  w«re 
present  these  so-called  Uniones  were  absent  "♦.  The  commingHnf 
of  these  shells  is  not  confined  to  this  district,  but  has  been  obsorved 
in  Lancashire,  and  probably  indicates  the  alternation  of  marine  and 
estuarine  conditions  in  certain  localities. 


(7)  Leicestershire  CoaUfield. 

All  the  stages  are  here  represented,  though  in  diminished  dimeiir 
sions  as  compared  with  the  coal-disbicts  to  the  north, 

ThidmMi— iie«t 

Staoc  G.  Upper  CoaUUeasures.—CotMe  grits  of  Moira  and  Newall,  with 

Stemberffia,  resting  uneonformably  on  Middle  Coal-measures t 20  to  50 

Stags  F.  Middle  Coa^m^a^tcres.— Sandstones,    shales,  and  days,  with 

several  coal-seams.    Plants;  Anthraco9ia{Unio)X,CythereotO/prie    1500 

Stage  E.  Lower  Coal-measures. — Shales  and  sandstones  &c,  with  a  few 
thin  seams  of  coal  below  the  *'  Heath-end  "  coal  {.  Shells  of  marine 
genera  have  recently  been  discovered 1000 

Stags  D.  Millstone  (rnY.— Coarse  grits,  Ac. fiO 

Stage  0.  For«ia/«  jB«i5.— Shales,  Ac   ^ 

Stags  B.  Carboniferous  Limestone, 

•  Jukes,  *  South-Staffordshire  Ooal-fleld,*  2nd  edit  p.  58. 
t  The  late  Rev.  W.  H.  Ck>leman,  'The  Geologj  of  the  Leicestershire  C<m- 
field  *  (Mem.  GeoL  SurveyJ,  jp.  56. 
t  Mammatt, '  Geolo^(»i  fVicts,'  &c. 
S  These  beds  are  chiefly  known  from  boring  records. 
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(d)  Warunck$h{r6  Coal-JUild. 

feet 
Stjloe  G.— SAiiditoiiee  and  shales,  with  a  band  of  limeatone  near  the  baae, 

with  Spirorbu  carbonarius* 50 

Btaab  F.^Sandstones,  shalea,  ooab,  &e.    1400 

Sta am  E. — Sandstonei,  shales,  &o.,  with  sheets  of  intrusire  basalt 1 500 

St  A  as  D.  MiUstone  Grit,— Conyeriod  into  quartiite  by  sheets  of  intrusire 

tmp 600 

Lower  Stages  0,  B,  &  A  not  represented. 

The  above  coocludes  all  that  is  necessary  in  order  to  show  the 
relations  of  the  beds  in  the  northern  group  of  coal-fields  of  England 
and  Wales.  "With  regard  to  the  southern  group,  it  will  probably 
be  sufficient  if  we  notice  the  Sections  of  Somersetshire  and  South 
Wales. 

(9)  The  Somei^ieUUre  (or  Bristol)  CoaUJUld. 

It  is  very  doubtful  whether  any  representatives  of  the  Stage  0 
occur  either  here  or  in  South  Wales.  It  is  true  that  there  is  a  local 
subdivision  of  the  Coal-measures  into  three  stages  in  both  districts, 
of  which  the  "Pennant  Grit"  forms  the  central  member.  This 
arrangement  is  convenient  for  local  purposes ;  but  the  Pennant  grit 
can  only  be  considered  as  an  exceptionally  thick  group  of  sandstones 
interposed  amongst  the  Middle  Coal-measures  (Stage  E),  and  not  as 
forming  a  centred  group  corresponding  to  Stage  P  in  odier  districts. 
As  regards  the  Lower  Coal-measures  (Stage  £),  although  this  stage  is 
remarkably  well  represented  by  its  numerous  marine  fossils  around  the 
rim  of  the  South- Wales  basin,  it  is  less  so  in  Somersetshire,  partly 
owing  to  its  dislocated  or  inverted  condition  along  the  northern  Hanks 
of  the  Mendips,  and  also  to  the  fact  that  it  rarely  crops  out  to  the 
surface,  the  beds  being  concealed  by  Triassic  or  newer  strata.  The 
general  section  will  therefore  be  somewhat  as  follows : — 

Section  of  the  Bristol  or  Somersetshire  Coal-JUUL 

feet. 
8taoe  G. — Imperfectly  represented-    Possibly  the  upper  part  of  the 
Badstock  series ? 

Stags  F.  Middle  Coal'fneasures.^Sh&ieaf  ^ts,  and  coals  of  the  Far- 
rington,  Pennant,  and  Bedminster  series.  Fossils :  plants,  fish,  and 
Anthracosia    4700 

Stage  E.  Lower  Coalmeaturts, — Sandstones,  shales,  and  numerous  coals 

of  the  Holcombe  series  (in  part) 2000 

^kQ^D.—MiUstane  GW^  (Bristol)    950 

Stagb  C^YoredaU  Shales  (thin)  100 

^kxxm'Q.— Carboniferous  Limestone  js> 2330 

frriGK  A. — Lower  Limestone  Shale 100 

Old  Bed  Sandstone, 

*  Mr.  Howell,  ''The  Geology  of  the  Warwickshire  Coal-field,"  Mem.  Gcol. 
Surrey  (1859). 

2i2 
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(10)  SouthrWaUs  Codl-hasin. 

Notwithstanding  the  great  thickness  which  the  coal-measures  o! 
this  district  attain,  amounting  to  11,660  feet,  still  higher  beds  have 
once  been  superimposed  on  those  now  remaining,  which,  must  hare 
constituted  Stage  G,  either  in  whole  or  in  part.  It  is  impossible  to 
say  whether  the  uppermost  known  beds  of  Glamorganshire — those 
above  the  "  Mynydd  Isslwyn  "  coal — are  in  part  the  representative 
of  this  stage,  as  there  are  no  peculiarities  by  which  to  distinguish 
those  beds  from  Stage  F;  the  probabilities  are,  however,  in  fa- 
Tour  of  this  supposition.  As  in  the  case,  also,  of  the  Somersetshire 
coal-field,  the  Pennant  grit  must  be  considered  as  a  member  of  the 
Middle  Coal-measures. 

The  Lower  Coal-measures,  especially  along  the  southern  borders 
of  the  field,  form  a  well  marked  zone,  very  rich  in  coal  and  ironstone, 
and  distinguished  by  a  remarkable  group  of  fossil  shells  of  marine 
genera,  as  in  the  case  of  the  same  beds  in  the  northern  counties*. 
The  higher  beds  are  only  characterized  by  shells  of  the  genus  An- 
thraeosia  and  its  allies ;  and  whatever  may  have  been  the  conditions 
under  which  this  genus  of  moDuscs  lived,  the  vertical  extent  of  its 
range,  as  compared  with  that  of  the  marine  species  in  the  Lower 
Coal-measures,  seems  to  point  to  some  marked  physical  difference  in 
the  conditions  under  which  the  Lower  and  Middle  stages  were  depo- 
sited f. 

Section  in  Olamarganshire. 

feet 
Stags  G  ?  Upper  Coal-measures, — Sandstones  and  shales  down  to  the 

Mynydd  Mwyn  Coal  (?)    1000 

Stage  F.  Coal-measures. — Sandstones,  shales,  and  coal-seams,  in  the 
lower  part  of  which  is  the  Pennant  Grit  series,  3246  feet  near 
Swansea.  Plants,  fish,  Anthracosioy  Anihracomya^  Phmtpsta, 
Estheria,  taiA  Leaia  564o 

Stags  E.  Gannister  j^A^sV-Prinoipally  shales  rich  in  ironstones  and 
coal-seams  with  Gannister  floors.  Fish,  Anthracomya,  Athyris 
planoscutata^  Spirifer,  Productus,  Orthis  Michelini,  O.  resupinafot 
Chonetes,  Nautilus  faicatus^  8fc.  

Stags  D.^MUlstone  Grit,  including  the  "Gower  Series'*  200  to  350 

Stags  C.—For^cfo/e  Shales  (unimportant) 100  to  200 

Stage  B. — Carboniferous  Limestone 800  to  900 

Stage  A,— -Lower  Limestone  Shale 100 

Old  Red  Sandstone* 

The  shales  of  the  "  Bosser  vein "  are  especially  rich  in  marine 
shells,  consisting  of  24  gei^^ra,  of  which  a  full  list,  with  plates,  is 
given  hy  the  late  Mr.  Salter.  Some  of  the  species  are  found  in  the 
"  Pennystono  "  heds  of  Coalbrook  Dale,  and  are  undoubtedly  on,  or 

•  Determined  by  the  late  Mr.  Salter  from  the  collection  of  Dr.  BeTSii. 
•  Iron-ores  of  Great  Britain,'  Part  iii. 
t  Coal-fields  of  Great  Britain,  3rd  edit.  p.  92. 
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about,  the  same  horizon ;  those  ahove  the  "  .Bottom  "  vein  haye  only 
yielded  remains  of  placoid  and  ganoid  fishes. 

From  a  review  of  the  fauna  of  the  South-Wales  Coal-field,  Mr. 
Salter  dre-w  the  following  amongst  other  inferences : — 

^*  1st.  That  there  is  a  real  distinction  hetween  the  different  beds 
of  ironstone  in  regard  to  their  fossil  contents,  and  that  we  may  here- 
after use  these  fossils  for  the  purposes  of  identification. 

"  2nd.  That  the  lower  beds  of  the  Coal-measures  in  South  Wales, 
Lancashirey  and  Shropshire  contain  a  set  of  marine  fossils,  some  of 
which  are  Mountain-Limestone  species,  and  the  rest  peculiar  to  the 
Coal-nieasures. 

"  4th.  That  the  decidedly  marine  species  diminish  as  we  ascend 
in  the  section ;  and  that  their  place  is  occupied  by  other  (bivalve) 
shells,  Anthraeomya,  Modiola,  Myalina?,  which  must  have  been 
inhabitants  of  salt,  or  at  least  highly  brackish  water,  and  that,  as 
the  AnihracosicB  (the  common  "  Unto  or  mussel  bands")  are  always  in 
company  with  these,  they  also  must  be  marine  (or  brackish  ?),  and 
not  freshwater  as  commonly  supposed.  They  were  mud-burrowing 
shells  with  wrinkled  epidermis,  like  the  Myctdcs  "♦. 

This  eminent  palaeontologist  did  not  live  to  complete  the  paheon- 
lological  examination  of  the  British  Coal-fields  which  he  had  so  well 
begun  in  South  Wales,  Staffordshire,  and  Lancashire.  It  yet  remains 
to  be  determined  whether  special  horizons  amongst  the  Middle  Coal- 
measures  can  be  identified  in  difl\)rcnt  districts  on  fossil  evidence. 


Pabt  IV. 

Scottish  Cabbontfeboxts  Distbicts. 

Having  now  passed  in  review  as  many  sections  in  England  and 
Wales  as  seem  necessary  for  my  purpose,  I  proceed  to  examine  the 
Scottish  series  with  a  view  to  correlation  with  those  in  South  Britain ; 
and  after  a  good  deal  of  consideration  I  have  come  to  the  conclusion 
that  the  following  is  a  correct  representation  of  the  corresponding 
series  in  both  countries  : — 

General  Section  of  the  Scottish  Carboniferous  Beds 
(Central  Valley  of  Scotland). 

Stage  G.  Upper  Coal-measures,  200  feet.— Red  Sandstonee  and  Clays  of  Both- 
well  wiflbout  coal-searas.  This  series  in  Ayrshire  contains  a  seam  of  lime* 
stone  with  SpirorbiSy  and  rests  unoonformably  on  the  beds  underneath. 

StaqbF. — "Upper  or  Flat  Coal-measures *' of  Scotland.  Sandstones,  shales, 
and  days,  with  coal-seams  and  ironstones.  Fish-remains,  ArUhracosia,  An- 
thracomya,  and  Anthracoptera.  A  marine  band  occurs  at  Drumpeller 
about  60  feet  above  the  "Ell  coal'*!. 

*  Iron-ores  of  Great  Britain,  Part  III.  p.  234. 

+  Described  by  Mr.  Whyte  Skipsey.  The  following  oocxut—Productua  sea- 
Stilus,  Discina  nitida,  Conufaria,  liellerophon  Urii.  This  band  may  be  on  the 
liorizon  of  the  Chance  Pennystone  of  Salop. 
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Stagi  E.  Gannister  JBmZs.— Shalet  Ac.  with  the  "  SUty-band  "  ironatnae  «k 
marine  shells ;  lAngvIa  m^tiloids$,  Ditcina  nitida,  Jjcimus  deiioi^tn^  Msr^ 
chisoniat  Omularia  guadritulcaic,  Nautilu$*. 

Stage  D.  340  to  400  feet—"  Moorttone-RodE "  leriet  (BodUn  MDdfltOBM)  vi& 
afioompanying  beds  down  to  the  (Hmkii^  limestoie.    Fomilm  mariTW. 

Stage  C  (?).  YaredaU  Bed$,^(h)  "  Upper  Limestone  Seriee*  of  Scottish  gfio- 

logifts,  ineluding  the  GarmJkirJt  iimnfwmt 
(Marine  and  Estoarine  beda.)  290  &c( 
thick, 
(a)  *' Lower  Coal  and  Ironstone  Series.**  61ial«a. 
coals,  and  black-band  ironstones  with  Bdi^ 
Entomoeiraca  (  Carbonia),  See,  (!EiftcianBt 
and  freehwater.)    100  feet. 

Stage  B. — **  Lower  Limestone  Series,"  including  the  Koman  Gamp  asd  Gil- 
merton  Limestones  (marine),  522  feet 

Stage  A. — "  Galciferous  Sandstone  Seriea"  in  two  groups,  the  upper  (h)  Tsriahle 
in  thickness  and  extent,  consisting  of  white  and  my  sandstones,  bitumi- 
nous shales  and  limestones  with  cyprids,  fish,  &c,  (Burdie-houae  lixncstooe 
near  Edinburgh) ;  the  lower  (a)  of  dull  reddish  sandstones,  shales,  oon^^o- 
merates,  and  beds  of  "  O)mfltone  "  (Plants  Aa), 

Mr.  J.  Young,  of  the  Hunterian  Museum,  is  of  opinion  that  the 
lower  division  of  Stage  C  is  of  freshwater  origin.  Marine  shells  are 
absent,  while  Entomostraca  of  the  genus  Carbonia  are  abundant  in 
the  shales  ;  of  these,  ten  species  have  been  determined  by  Messrs. 
Rupert  Jones  and  Kirkby. 

In  the  above  section  of  the  Scottish  strata  it  will  be  observed  thai 
I  have  ventured  to  insert  two  groups  not  hitherto  recognized — 
namely,  Stages  E  and  C,  representing  the  "  Gannister  Bwia  "  and 
**  Toredale  Series  "  of  England  respectively.  I  have  never  been 
able  clearly  to  understand  why  these  two  groups  have  failed  to  be 
admitted  into  the  classification  of  the  North-  British  Carboniferous 
series,  as  it  was  difficult  to  conceive  that  groups  which  in  North 
Lancashire  and  Yorkshire  attain  considerable  proportions  (about 
2000  and  3000  feet  respectively)  should  have  altogether  thinned 
away,  or  disappeared  north  of  the  Border  Land. 

During  the  debate,  however,  which  took  place  upon  the  reading 
of  my  paper  at  Glasgow,  Mr.  John  Young,  F.G.S.,  suggested  that  if 
representatives  of  the  Gannister-beds  wore  to  be  found  in  Scotland  at 
all,  it  would  be  in  the  horizon  of  "  the  Slaty  black-band  ironstone  " 
series,  which  is  rich  in  marine  forms,  and  lies  immediately  above 
the  ^*  Millstone-Grit  series."  The  fossils  which  are  above  enumerated 
have  been  collected  by  Dr.  W.  Grossart,  in  the  parish  of  Shotts :  and 

*  Determined  by  Dr.  W.  Qrossart,  and  communicated  to  the  author  bj  Mr. 
John  Young,  F.G.S.,  of  the  Hunterian  Museum,  Glasgow. 

The  following  are  the  fossil  forms  from  the  Slatj-buid  Ironstone  given  in  the 
Memoirs  of  the  Geol.  Surrey  of  Scotland  from  Lanarkshire — lAngula  myii- 
hides,  L.  Bquamiformia^  Anthraama  subconstriota^  A.  acuta,  A,  aqudina,  (£x. 
planation  of  Sheet  23,  p.  89-90.) 

Those  from  the  Biillstone  Grit  are — Linffula  mytiioides,  L.  mawitformiti, 
Ortkit  resupinatrt,  Streptarhynchus  erenUtria,  NatiwptUy  sp.  inc.    (Ibid  p.  89.) 
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trlae  same  strata  haye  yielded  similar  forms  elsewhere.  With  suoh 
g:ood  ovidenoe  before  us  we  can  have  little  hesitation  in  placing  the 
♦*  Slaty-band  "  beds  on  the  horizon  of  Stage  E. 

As  regards  Stage  C,  perhaps  the  evidence  is  not  so  conclosivo  as 
ixi  the  former  case.    Nevertheless  there  are  strong  grounds  for  the 
ooorse  I  have  adopted.     It  will  be  recollected  that  as  we  proceed 
northwards  firom  the  borders  of  Lancashire  a  marine  band  of  lime^ 
etone  makes  its  appearance,  which  ultimately  assumes  important 
proportions.    In  tiie  Clitheroe  and  Pendle  district  the  Yoredale 
series  is  of  extraordinary  thickness  (from  3500  to  4000  feet) ;  and  it 
is  really  almost  incredible  that  such  a  mass  of  strata  should  be  un- 
represented in  Scotland,  which  is  not  (after  all)  so  many  miles  distant. 
On  the  other  hand,  the  Carboniferous  Limestone  of  Derbyshire  itself 
is  represented  in  the  North  of  England  only  by  the  "  Scaur-limestone" 
series  of  Prof.  Phillips,  as  Mr.  Lebour  has  very  clearly  shown  *.     On 
Trading  Mr.  Lebour's  paper,  it  occurred  to  me  that  the  explanation 
of  the  Scottish  series  was  to  be  found  in  an  arrangement  such  as 
that  given  below  ;  and  in  consulting  with  my  colleague,  Prof.  Geikie, 
and  Mr.  Lebour,  I  am  glad  to  find  that  they  regard  my  suggestion 
as   not  improbable,  either  on  stratigraphical    or  palsQontological 
grounds  t.    If  we  place  the  Scottish  and  the  North-of-England  scries 
side  by  side  we  obtain  the  following  results  :^- 

Supposed  jRfprestniative  Stages, 

North  of  England,  Central  Scotland. 

Staoes  E.     Gaimbter  beds.  (E.)    Slatj-black-band  serie«. 

„      D.    MiUatone  Grit.  (D.)    Mooretone-rock  series. 

Q  f  "  Great  limestone."  ^C  ^  /  Upper  Limestone  .series. 

"         *  \  Flagstone!  and  shales.  ^   ''  1  Lower  Coal-and-Ironstone  Beries. 
B.     "  S(»ur-Limestone  series.*'  (B.)    Lower  Limestone  series. 

A.    (Sometimes  absent.)  (A.)    Oalciferous  Sandstone  series. 
("Tuedian.") 

In  corroboration  of  this  view  of  the  arrangement,  Mr.  Lebour 
states  that  "  on  comparing  a  list  of  130  species  of  fossils  from  the 
*  Great  limestone'  (the  most  marked  Yorodale  bed)  with  Scotch 
lists  J,  I  find  that  32  species  are  not  known  in  Scotland,  that  about 
60  run  through  the  three  Scotch  divisions,  that  28  are  found  in  the 
Scotch  upper  and  middle  series  only,  and  10  are  only  found  in  the 
lower  series."  Now,  making  allowance  for  the  difference  in  geo- 
graphical position,  and  recollecting  that  during  the  earlier  Carboni- 
ferous periods  the  Scotch  and  English  marine  areas  were  to  some 
extent  separated  by  the  barrier  of  Silurian  land,  it  must  be  admitted 

*  "  On  the  Larger  Dirisions  of  the  Carboniferous  System  in  Northumber- 
land," Proc.  North-of-England  Institute  of  Mining  Engineers,  vol.  xxv. 

t  Letter  dated  17th  Not.  1876.— Mr.  Lebour  has  adopted  the  name  "  Ber- 
nician  beds  "  to  include  Stages  B  and  C  in  Northumberland. 

(As  the  excellent  '*  Catalogue  of  the  Western  Scottish  Fossils,'*  by  Messrs. 
Annstrong,  Young,  and  Robertson  (Glasgow,  1876). 
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that  the  communitj  of  28  species  is  a  fact  which  strongly  corrobo- 
rates the  views  here  suggested*. 

It  should  be  recollected  also  tiiat,  over  the  north  of  England  and 
the  borders  of  Scotland,  land  and  shallow-sea  conditions  prevailed 
during  the  earlier  Carboniferous  stages.  This  accounts  for  those 
changes  in  the  limestone  series  that  have  been  pointed  out  by 
Phillips  and  Murchison,  and  more  recently  by  Mr.  Lebour.  Sudi 
changes  would  necessarily  be  accompanied  by  the  disappearance  of 
various  forms  which  flourished  in  the  deeper  seas  of  Central  England, 
and  the  appearance  of  others  more  adapted  to  shallow  water. 


Paet  V. 

CoNnNESTTAL  EanVALKlfTS. 

A.  Stage  E — Lower  Coat-measures. 

That  the  great  mass  of  the  Coal-measures  of  Belgium,  France, 
Rhenish  Prussia,  and  North  Germany  are  characterize  by  shells  of 
recognized  freshwater  or  lacustrine  habitats  is  well  known  from  the 
writings  of  continental  geologists.     Thus,  we  learn  from  tlie  authors 
of  *  Die  Steinkohlen  Dcutschlands '  that  the  Coal-measures  of  Saxony 
and  Westphalia  are  characterized  by  the  prevalence  of  such  forms  as 
Unto,  Anodonitty  Cyreixa^  CydaSy  ZheisseruXy  Cardinia  (Anthraccsia), 
and  Planorbisf,     At  the  same  time  one  or  two  bands  of  marine  shells 
occur  amongst  this  great  mass  of  lacustrine  or  estuarine  strata,  in  a 
manner  similar  to  that  which  1  have  described  above  as  being  present 
in  North  Staffordshire  and  at  Ashton-under-Lyne.     Thus,  Herr  B. 
Ludwig  has  recognized  GoniatUes  and  Avtculopecten  in  the  Coal- 
formation  of  Westphalia  both  near  the  base  of  the  formation  and  at 
a  higher  horizon  t*     It  cannot  be  doubted  that  the  former  position 
is  that  of  the  "  Gannistcr  Beds  "  (St^e  E). 

The  occurrence  of  a  marine  band  at  the  base  of  the  Coal-formation, 
and  in  the  position  of  the  Gannistcr  Beds  of  England  is  now  fully 
established  by  the  labours  of  several  observers,  particularly  Prof.  P. 
Romer,  of  Breslau  §,  and  M.  Charles  Barrois,  of  Lille  ||,  and  of  Prof. 

*  On  communicating  to  mv  colleague,  Professor  Geikie,  Director  of  the  Geo- 
logical Surrey  of  Scotlnnd,  the  views  above  expressed  regarding  the  represen* 
tative  beds  on  each  side  of  the  border  below  the  Millstone  Grit,  he  replies  (in 
letter  dated  24th  Nov.  1876)  that  the  correlation  is  a  natural  and  proboDle  one, 
and  that  for  several  years  the  Scottish  Surveyors  have  always  believed  the  so- 
called  "  Carboniferous-Limestone  series  "  to  represent  generally  all  the  English 
series  between  the  Millstone  Grit  and  the  base  of  the  Scaur  Limestone.  At  the 
same  time  the  survey  of  the  border  districts  bad  not  sufficiently  far  advanced  to 
warrant  the  adoption  of  the  English  names  of  subdivisions. 


t  Herrcn  Geinit*,  Fleck,  and  Hartig.    Band  I.  pp.  107-8  and  109. 

iVon  Meyer  and  Dunker,  *  Palseontographica,'  viii.  pp.  31-38. 
"  Ueber  eine  marine  Conchylien-Fauna  im  produktiven  Steinkohlengebirge 
Oberschlesiens,"  Zeitschr.  d.  deuts.  geoloff.  Gesellsch.  1863. 

n  "  Sur  la  faune  marine  du  terrain  houiUer,  &c.,*'  Bulletin  de  la  Soc  G^^og.  de 
France,  3«  s^r.  t.  ii.  p.  223. 
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de  Koninck,  of  Liege*.     We  shall  take  a  brief  survey  of  their  ob- 
serTations : — 

(1)  Belgium. — The  lower  marine  zoue  of  the  Coal-formation  has 
been  recognized  by  Prof,  de  Koninck  t.    At  Chokier-on-the-Meuso 
a  band  of  limestone  is  associated  with  alum-shales  containing  small 
Goniatites.     From  these  beds  M.  de  Koninck  enumerates  25  species 
of  marine  shells  also  found  in  the  Carboniferous  Limestone  of  Belgium, 
including   Avicuhpecten  papyracetis,  CJwneteSy  Lingula,  Orthoceras 
(4  species),  Nautilus,  Ooniatites  (including  G.  Listen),  Productus, 
and  fishes  of  the  genera  Pakeoniscus  and  Campodus    Ten  species  of 
Cardinia  (^Anthracosia)  are  mentioned  from  the  "  syst^me  houiller*'  of 
Lidge ;  bnt  these  are  probably  from  the  beds  above  the  marine  zone. 
Of  the  species  several  are  characteristic  of  Stage  E  of  the  Coal-measures 
of  England ;  and  both  Dr.  Eomer  and  M.  C.  Barrois  agree  in  referring 
these  beds  to  this  stage  J.    This  marine  zone  at  the  base  of  the  pro- 
ductive Coal-measures  of  Belgium  has  been  noticed  in  several  places, 
80  as  to  leave  no  doubt  of  its  general  occurrence.     It  corresponds  to 
the  "  second  niveau  fossilifere ''  of  MM.  Comet  and  Briart,  contain- 
ing Pro€?Mc/M5  carhonarius,  Goniatites,  Avicida,  Chonetes  Laguessiana, 
&c.      The   remaining  five  niveaux  fossiliferes    are   characterized 
by  the  presence  oi  Anthracosia  {Cardinia)  and,  rarely,  Posidonomya 
and  Mytilus,  showing  the  occurrence  of  estuarine  conditions  amongst 
a  great  mass  (of  about  1500  metres)  of  freshwater  beds  §. 

(2)  North  of  France, — M.  Charles  Barrois||  has  recently  publisb^d 
an  account  of  the  discovery  which  he,  in  company  withM.  Gosselet, 
has  made  of  marine  shells  at  the  base  of  the  Coal-measures  of  the 
north  of  France,  in  a  position  corresponding  to  that  of  the  Belgian 
marine  band  of  Chokier.  These  fossils  have  been  found  at  Auchy- 
au-Bois,  Lens,  and  Carvin — those  at  the  last-named  locality  being, 
however,  on  a  higher  niveau  than  those  of  Auchy,  and  probably 
representing  the  stage  of  the  "  Chance  Pennystone  "  of  England  in 
Stage  F. 

The  following  have  been  determined — Cypridina  coneentrica  (De 
Kon.),  Orthoceras  Goldfussianum  (De  Kon.),  Nautilus  suhsulcatvs 
(Phil.),  Schizodus  sulcatvs  (Broun.),  Leda  attenuata  (Flem.),  Area 
Lacordairiana  (De  Kon.),  A,  arguta  (Phill.),  A.  elegans  (Do  Kon.), 
Avicula  papyracea  (Sow.),  Anthracosia  (s^.),  Spirifer  glaher  (Mart.), 
^.  niesogonius  (M^Coy),  S,  trigonalis  (Mart.),  Productus  se^nireticxdatus 
(Mart.),  P,  carhonarius  (De  Kon.),  P.  marginalis  (Do  Kon.),  Strep- 
torhynchus  crenistriu  (Pliil.),  Poteriocrinus  (sp.).  Of  those  about 
one  half  ascend  from  the  Carboniferous  Limestone,  the  remainder 
being  only  known  in  later  beds.     Another  band  at  Carvin,  with 

*  Description  des  animaux  fossiles  qui  se  trouvent  dans  le  terrain  Carbonif^re 
de  Belgique. 

t  Ibid.  p.  627  (Tableau  Bisumi), 

t  Bull,  de  TAcad.  roy.  de  Belgique,  2*  str.  torn,  xxxiii.  (1872). 

§  Bulletin  de  la  Soci^t^  Geologique  de  France,  3<^  f^r.  torn.  ii. 

\  That  of  the  "  Pennystone  "  of  Coalbrook  Dale.  These  fossils  have  also  been 
studied  by  MM.  Dumont,  Dewalque,  Comet,  and  Briart. 
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Anthracoaia,  Produetus  earhonaritUj  P.  umireiieulaiuSf  and  Stn^ 
torhynchus  crenistria^  is  considered  to  be  the  representatrr©  of  ^ 
Chance  Pennystone  of  Coalbrookdale,  and  is  included  in  the  lOddk 
Coal-measures. 

Notwithstanding  the  freshwater  conditions  that  i4)pear  to  bar* 
prevailed  throughout  the  great  mass  of  the  Coal-measures  of  France 
and  Belgium,  brackish-water  or  estuarine  conditions,  cosuaaqosil 
on  slight  depressions  below  the  sea-level  of  the  period,  ocenrred  at 
several  intervals,  so  that  out  of  twelve  fosailiferous  stages  described 
by  MM.  Cornet  and  Briart  five  contain  Oardima  and  I\mdon4»wn^ 
In  the  12th  stage  marine  fossils  occur  which  M.  Charles  Barroii 
assigns  to  the  zone  of  **•  the  Chance  Pennystone  "  of  Coalbrookdale*. 
The  same  observer  has  discovered  Productus  carhotuiriuM  in'^le  ^yret 
des  Plainer "  in  the  Boulonnais  at  the  base  of  the  Coal-foimatioB. 
which  he  considers  as  probably  representing  the  Millstone  Grit  of 
England. 

(3)  Germany.  Siltsia. — In  August  of  1862  the  attention  of 
Prof.  Ferd.  Edmer  was  called  to  the  existence  of  marine  sheUs  at 
two  collieries  in  Upper  Silesia,  in  strata  of  shale  lying  near  the  bate 
of  the  productive  Coal-measures  of  that  district  The  beds  contain- 
ing these  fossils  consist  of  dark  shales  about  100  feet  in  thickness, 
and  upon  further  examination  yielded  a  large  number  of  forma,  de- 
scribed and  figured  in  Dr.  Edmer's  paporf.  They  are  as  follows — 
Phillipsia  (sp.  inc.),  Orihoceras  undatumy  0.  dilatatum,  0.  tdiscofHO- 
lum  (n.  sp.),  Nautilus  suhsulcatuSy  Nautilus  concavus,  N.  nodt^^- 
carinatus  (n.  sp.),  Goniatites  diadenia^  G,  Listeria  BdUropktm  Urii, 
Littorina  obscura,  Anthracosia  ?  (n.  sp.),  Schizodus  sukatus,  heda 
attenwitay  Nucula  yibbosa,  Area  Lacordairiana,  Pecten  (sp.  inc.), 
P,  interstitialis,  Productus  langispinuSy  P,  semiretieulattu,  P.  pustu- 
hsuSy  Orthis  resupinata,  0.  crtmistrioy  Lingula  mytiloides,  Disdna 
nitidOy  PoteriocrinuSy  and  plants — NceggeraMay  Calamites,  Trigono- 
carpum.  Dr.  Eomer  very  aptly  points  out  the  resemblance  of  this 
fauna  to  that  of  the  Pennystone  beds  of  Coalbrook  Dale,  described  by 
Professor  Prestwich,  and  to  that  of  the  Gannister  beds  of  Yorkshire, 
described  by  the  late  Professor  Phillips.  There  can,  in  fact,  be  no 
doubt  whatever  that  the  beds  in  which  they  occur  are  the  reprea^i- 
tativos  of  those  just  named.  Out  of  the  species  above  enumerated 
there  are  no  less  than  9  which  are  known  as  occurring  in  the  Gan- 
nister-beds  in  the  British  Isles,  viz.  Phillipsia  (genus),  NautUtis 
concavuSy  N,  subsulcatus,  Goniatites  ListeriXt  Littorina  obseur^ 
Schizodus  sulcatuSy  Productus  semireticulatus,  Orthis  resupinatay  Lit^ 
gula  mytiloides,  and  Discina  nitida.  Here  again  we  find  representa- 
tives of  the  genus  Anthracosia  associated  with  marine  forms. 

(4)  Westphalia. — ^The  marine  zone  at  the  base  of  the  productive 

*  Loe.  supra  cit.  pp.  225,  226. 

t  8upra  cit, 

\  This  may  be  considered  the  characteristic  shell  of  Stage  B  in  Lancaihire, 
Yorkshire,  and  Derbyshire.  The  species  of  Phillipsia  is  probably  pusiulata, 
which  occurs  (as  wo  hate  seen)  in  the  beds  of  this  stage  at  Castleooraer  in 
Ireland. 
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Doal-measnres  has  been  recognized  in  Westphalia.  In  the  district 
of  Werden,  on  the  Euhr,  the  dark  shales  of  the  Coal- formation  have 
yielded  to  Herren  von  Dechen  and  Lottner  OoniatiUs  earhonarius 
and  Aviculopecten papyraceus* ,  Lottner  divides  the  Coal- formation 
of  Westphalia  into  throe  stages  (a  lower,  middle,  and  upper),  possibly 
correBponding  to  Stages  E,  F,  and  G  of  the  British  classification ; 
and  he  shows  that  all  the  marine  fossils  belong  to  the  beds  lying  at 
the  Terge  of  the  Lower  and  Middle  Stages.  Along  with  the  marine 
shells  are  associated  Anihracosice,  which  in  the  middle  Stage  occur 
in  considerable  numbers.  Sections  of  the  Lower  series  are  laid  open 
on  the  hanks  of  the  river  Mulde. 


B.    Continental  Equivalents  of  Stages  A,  B,  C,  and  D. 

It  will  be  quite  unnecessary  for  me  to  describe  at  any  length  the 
representatives  of  the  divisions  on  the  Continent  subordinate  to  the 
Lower  Marine  zone  (Stage  E)  of  the  productive  Coal-measures.    The 
reader  will  find  an  admirable  summary  of  the  views  of  continental 
geologists  in  Murchison's  *  Siluiia '  t  or  Professor  Renevier's  Tables ; 
and  it  is  therefore  only  necessary  for  me  to  observe  that  they  can 
be  recognized  in  various  districts,  though  they  are  occasionally  impcr- 
sistent.     In  the  beds  -of  sandstone  (Elotzleerer  Sandstein)  of  the 
Khenish   provinces  which  underlie  the  productive  Coal-measures 
geologists  are  unanimous  in  recognizing  tho  Millstone  Grit  of  Eng- 
land J,   in  which  may  probably   be  included  the  Yoredale  beds 
(Stage  C).     This  latter  ^vision,  however,  does  not  appear  to  occupy 
a  well- recognized  position  amongst  the  continental  Carboniferous 
beds.     The  Carboniferous  Limestone  of  Belgium,  which  has  been  so 
admirably  illustrated  palaeontologically  by  M.  de  Koninck,  is  stated 
by  Murchison  to  rest  directly  on  tho  Devonian  rocks ;  but  it  would 
appear  that  the  "  schistes  de  Toumai "  intervene,  at  least  locally. 

Towards  the  banks  of  tho  Rhino  this  great  formation  gradually 
changes  its  characters,  and  gives  place  to  dark  schists  and  bands  of 
limestone,  with  Posidonomya  Becheri.  In  this  form  it  is  represented 
generally  in  Westphalia;  but  in  Silesia,  Bohemia,  &c.  limestone 
reappears. 

Tho  lowest  stage.  A,  is  represented  (according  to  Murchison)  in 
the  Rhenish  provinces  by  the  *' Kiesel-Schiefer "  of  the  Prussian 
geologists,  which  occasionally  expands  into  a  deposit  of  considerable 
dimensions.  In  Belgium  the  "  schistes  de  Toumai"  appear  to  be  the 
representatives  of  this  stage. 

The  following  Table  is  intended  to  show  the  representative  conti- 
nental beds,  as  far  as  our  means  of  determination  extend  (Table  I.). 

*  *  GeoCTiostiflche  Skizze  des  westphalischcn  Steinkohlengebirges  *  (1859), 
quoted  by  Dr.  Eomer,  loc.  supra  cit 

t  4th  edit.  p.  401  et  sea. 

.  t  Qeinitz,  Fleck,  and  Hartig  state  that  this  formation  occupies  an  interrae- 
^te  position  between  the  productive  Coal-measures  and  the  Carboniferous 
pim««tone  in  Westphalia  and  Rheinland,  '  Steinkohlen-Forraation  DoutBch- 
lands.'  ^ 
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[^merica. — I  am  unwilling  to  lengthen  this  paper  by  reference  to 
the    succession  of  beds  on  the  American  continent,  but  think  it 
proper  to  observe  that,  as  Dr.  Ferd.  Romer  has  pointed  out,  the 
marine  stage,  E,  is  fairly  represented  at  the  base  of  the  Coal-measures 
in  tlie  United  States  *.     In  the  lower  beds  of  the  productive  Coal- 
measures  in  the  western  portion  of  the  State  of  Kentucky  occurs  a 
small  Lingula  {L.  umbonata,  Cox),  which  Dr.  Romer  considers  to  bo 
in  all  probability  identical  with  L,  mytUoides  of  Phillips ;  and  about 
100  feet  higher  in  the  series,  at  Nolin  Iron- works,  several  genera  of 
Ceplialopods  also  are  found.     Amongst  these  is  Nautilus  ferratus, 
Co:Xy  which  approaches  very  closely  to,  if  it  be  not  identical  with, 
JV.  hild^atus^  Sow.,  from  the  Carboniferous  Limestone  of  Coalbrook- 
dale. 

In  the  State  of  Iowa,  a  band  of  marine  limestone  occurs  about 
20  feet  above  the  "Concretionary  Limestone*'  which  marks  the 
npper  limit  of  the  Carboniferous  Limestone  proper.  It  is  separated 
from  this  latter,  by  shales,  sandstones,  and  a  bed  of  coal  15  inches 
thick.  In  this  limestone  are  found  several  species  of  Productus,  a 
mnall  Spirifer,  a  Nautilus^  and  the  tail  of  a  Trilobitet.  Similar 
marine  bands  are  found  in  the  districts  lying  at  the  base  of  the  pro^ 
dnetive  Coal-measures,  and  may  be  regarded  as  referable  to  the 
horizon  of  the  Lower  Coal-measures  of  the  British  Isles. 

Even  if  America  afforded  no  analogy  as  regards  the  succession  of 
beds  with  that  of  Britain,  it  ought  not  to  be  considered  as  invali- 
dating the  views  here  expressed.  The  British  and  continental  areas 
are  sufficiently  large  to  form  the  basis  for  a  classification  of  beds.] 

Pakt  VL 

(a)   Conclusions  regarding  Hie  Conditions  of  Deposition  of  Carboni- 
ferous Strata  drawn  from  ths  Characters  of  the  Fossil  Fauna. 

Amongst  the  varieties  of  remains  of  animals  which  have  been 
found  in  various  Carboniferous  strata  there  are  none  upon  which  we 
can  rely  with  so  much  confidence  for  information  regarding  the  con- 
ditions of  deposition  as  the  MoUusca.  Of  those  which  lived  in  the 
Carboniferous  period  many  of  the  genera,  or  their  modifications, 
descend  down  to  the  present  day ;  so  that  we  may  determine  their 
habits  by  actual  observation,  and,  by  inference,  those  of  their  prede- 
cessors. 

It  is  not  so  with  the  fishes.  The  placoids  and  ganoids  of  the  Coal- 
period  were,  in  all  probability,  like  the  sturgeon  and  other  inhabi- 
tants of  the  Black  Sea  and  the  Caspian,  migratory,  and  capable  of  Hving 
either  in  the  open  ocean,  or  of  navigating  the  streams  and  plant-choked 
estuaries  of  the  period ;  so  that  they  throw  no  light  upon  the  condi- 
tions of  deposition  of  the  strata  in  which  their  remains  are  found. 

♦  Loc.  svpra  cU.  p.  604.  Quoting  MM.  E.  T.  Cox  and  Leo  Losquercux, 
*  Geological  Report  of  Kentucky/  toI.  iii.  pp.  615,  516  (1867). 

t  *  &port  on  the  Geological  Survey  of  the  State  of  Iowa,'  by  J.  Hall  and 
J.  D.  Whitney,  vol.  i.  p.  283  (1858). 
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The  remains  of  reptiles  are  too  scarce  and  vague  for  such  a  prnpose; 
and  the  like  may  be  affirmed  of  the  Crastacea,  with  the  exo^ticni  of 
the  Trilobites,  whose  presence  in  vast  numbers  amongst  the  marine 
beds  of  the  Silurian  period  places  the  nature  of  tbeir  habits  beyond 
question.  We  therefore  fall  back  upon  those  orders  and  genraa  of 
molluscs  whose  habits  can  be  determined  either  by  actoal  obeerra- 
tion,  or  association  with  other  forms,  as  guides  to  clarification  of 
strata. 

The  lacustrine  conditions  of  the  Old  Eed  Sandstone  with  AnotUmia 
Jukesii  in  Ireland  gradually  give  place  to  marine  conditions  in  the 
period  of  the  Lower  Carboniferous  Slate,  which  in  other  district 
(except  in  Scotland,  whero  the  beds  are  marginal)  extended  over 
the  remainder  of  the  British  Isles  as  far  as  they  were  submerged* 
Throughout  the  period  of  the  Carboniferous  Limestone  deep-sea  con- 
ditions generally  prevailed,  and  the  moUuscan  fauna  flourished  to 
an  extent  greater  than  at  any  subsequent  stage  of  the  Carbonif^oos 
period. 

With  the  dose  of  the  period  represented  by  the  Carboniferous 
Limestone  tiie  seas  became  shallower,  and  muddy  sediment  pervaded 
the  heretofore  clear  waters.  The  marine  fauna  became  dwarfed,  or 
carried  on  a  lingering  existence,  and  in  numerous  instances  died  out 
altogether.  Those  forms  which  survived  sometimes  became  modified 
through  the  succeeding  periods ;  but,  as  may  be  seen  from  the  list 
of  species  (Table  II.),  a  goodly  number  reached  the  stage  of  the 
Gannister  beds ;  and  probably,  were  we  fully  acquainted  with  the 
entire  fauna  of  the  Carboniferous  Limestone  seas,  we  should  find 
that  all  the  forms  in  Stage  E  have  descended  from  the  earlier 
period. 

Amongst  the  known  and  prevalent  marine  forms  in  the  Gannister 
beds  are  a  few  of  those  bivalves  to  which  Professor  King  has  given 
the  name  of  "  Anthracosia,"  Their  presence  probably  indicates  the 
recurrence  of  estuarine  conditions  from  time  to  time  at  this  stage ; 
but  subsequently  they  assumed  a  high  importance  as  the  represen- 
tatives of  molluscan  life  during  the  periods  of  the  Middle  and  Upptf 
Coal-measures,  amongst  the  beds  of  which  formations  they  occur  at 
intervals  throughout.  That  these  shells  were  sometimes  estuarine, 
sometimes  lacustrine,  appears  to  be  borne  out  by  the  evidence  before 
us,  especially  their  rare  association  in  the  same  stratum  with  truly 
marine  forms  of  the  succeeding  stages. 

(b)  Census  of  Marine  Forins  (British  TsUmds). 

This  decided  change  in  the  fauna  of  Stage  E  (Gannister  beds),  fts 
compared  with  that  of  Stages  E  and  G,  will  be  recognised  upon 
reference  to  the  Tables  of  Species,  which  have  been  drawn  up,  with 
the  assistance  of  Mr.  BaUy,  F.G.S.,  from  available  sources.  JProm 
these  we  find : — 

1.  That  Stage  E  (Gannister  beds)  has  yielded  36  genera  with 
about  70  species,  of  truly  marine  forms. 
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2.  That  all  the  genera,  and  ahout  40  species,  ascend  upwards 

from  the  Carboniferous  Limestone  into  Stage  E. 

3.  That  only  6  species  pass  up  into  Stages  F  and  G. 

4.  That  about  18  species  are  peculiar  to  Stage  E. 

5.  And  that  5  are  peculiar  to  Stages  F  and  G.  (Table  IV.) 

The  number  of  genera  and  species  in  Stage  E  is  probably  greater 

than  is  here  stated ;  for  it  is  exclusive  of  somB  forms  of  bivalves  from 

the  Pennystone  of  Coalbrook  Dale,  figured  by  Professor  Prestwich  in 

his  well-known  memoir  on  that  coal-field,  and  classed  under  the 

head  of  the  genus  Unio*.    But  it  seems  more  probable  that  they 

belong  to  the  marine  genus  Myaeites,  or  some  similar  form,  as  it  is 

in  the  last  degree  improbable  that  shells  of  a  freshwater  genus  should 

be  associated  in  the  same  bed  with  such  forms  as  ProductuSy  Spirifer^ 

Orthoceras  and  Nautilus,     These  bivalves  (the  Anthracosice  of  King) 

are  the  bane  of  paloeontologists ;  and  after  a  long  consideration  of 

their  relationship  to  other  fossils  in  Carboniferous  strata,  and  their 

ever- varying  forms,  I  have  come  to  the  conclusion  that  either  they 

were  capable  of  inhabiting  both  lakes  and  estuaries  on  the  one  hand 

and  the  open  sea  on  the  other,  or  else  that  the  marine  and  freshwater 

forms  are  so  similar  in  appearance  that  they  can  only  be  identified 

by  reference  to  those  which  may  occur  along  with  them  in  the  same 

bed.    Thus,  when  (as  in  Coalbrook  Dale  and  Lancashire)  we  find  them 

associated  with  undoubted  marine  forms  we  can  only  conclude  that 

they  themselves  were  inhabitants  of  the  sea ;  but  if  they  happen  to 

occur  unaccompanied  by  such  well-recognized  forms,  then  we  may 

assume  that  they  represent  lacustrine  or  estuarine  conditions,  the 

probability  being  that,  had  the  strata  been  formed  under  the  sea, 

marine  shells  would  have  been  preserved  along  with  those  of  this 

genus. 

The  most  striking  fact  brought  to  light  in  the  above  census  is  the 
essentially  marine  character  of  the  fauna  in  Stage  E,  which  is  clearly 
representative  of  that  of  the  Carboniferous-Limestone  period.  In 
this  it  is  distinguished  from  that  of  Stages  F  and  G,  in  which,  with 
the  exception  of  two  or  three  marine  bands  occurring  throughout  a 
series  of  (in  some  districts)  6000  to  6000  feet  of  strata,  the  beds  are 
destitute  of  recognized  marine  forms.  If  any  one  will  carefully 
peruse  the  list  of  species  drawn  up  by  the  late  Mr.  Salter  from  the 
Tipper  and  Middle  Coal-measures  of  North  Staffordshire  t,  and  com- 
pare it  with  that  from  the  Gannister  beds  of  the  same  coal-field,  or  of 
the  Pennystone  bands  of  Coalbrook  Dale  J,  he  cannot  fail  to  be  struck 
with  the  change  in  the  character  of  the  fauna — the  contrast  bearing 
comparison  with  that  between  the  faunas  of  the  Portland  Oolite  and  the 
^rbech  beds  of  the  south  of  England, 

*  Trans.  Geol  Soc  2iid  ser.  vol.  r.  p.  413,  and  pi.  xxm. 
t  *  Iron-ores  of  Great  Britain/  part  iv. 
t  Prestwich,  loc.  cit. 
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(c)  Occasional  Marine  Beds  in  Stage  F. 

That  the  ocean -waters  were  not  far  distant  from  the  British  sad 
European  areas  during  the  formation  of  the  Middle  and  Upper  Coil- 
measures  is  proved  by  the  appearance  at  rare  intervals  of  baiids  rf 
truly  marine  shells.  Such  are  those  which  occur  aboTe  ihe  "  Biiy 
Coal"  and  the  "  Gin-mine  Coal "  in  North  Staffordshire*,  that  im 
the  banks  of  the  river  Tame  at  Ashton-under-Lyne  t,  and  that  <rf  the 
"  Chance  Pennystone"  of  Coalbrook  Dale.  But  it  should  be  obserred 
that  the  species  in  these  bands  are  sometimes  different  firom  those  iv 
the  Grannister  beds,  most  of  which  have  descended  from  the  Carbom- 
ferous  Limestone.  Thus,  out  of  about  29  species  deternmied  by 
Salter  from  the  Lower  Coal-measures  (Stage  E)  of  South  Wales  J,  til 
but  five,  viz.  Aviculopecten  gentUis  (Sow.),  A.  scalaris  (Sow.),  Jf^alimm 
triangularis  (Sow.),  Discites  falcatus  (Sow.),  and  Nautiltts  eoncofna 
(Sow.),  have  been  recognized  in  the  Carboniferous  Limestone.  Hie 
species  from  the  same  stage  in  Coalbrook  Dale  and  South  Stafforddiiie 
are  similarly  related  to  those  of  the  Mountain  Limestone  ;  the  ex- 
ceptions to  identity  are  probably  owing  to  insufficient  knowledge  of 
the  Lower-Carboniferous  fauna. 

On  the  other  hand,  if  we  compare  the  species  from  the  accideDtsI 
marine  bands  which  occur  in  the  Middle  Measures  (Stage  F)  we  find 
them  to  bo  mostly  peculiar  to  that  horizon.     Thus,  out  of  about  ten 
species  from  the  marine  band  at  Ashton-undcr-Lyne  only  one  was 
considered  by  Salter  to  be  identical  with  a  form  firom  the  Gannister 
beds.     Of  this  remarkable  group  Mr.  Salter  has  observed  : — **  A 
special  notice  should  be  given  of  this  marine  band,  containing  as  it 
does  a  small  peculiar  fauna,  comparable  with  that  of  the  Lower  Cosl- 
measures  of  Shropshire,  but  yet  wholly  distinct.     It  is  true  the  com- 
mon marine  sheU,  Avieuloptcten  papyraceuSj  occurs  in  this  remark- 
able band ;  but  even  this  is  dwarfed,  and,  except  this  species,  the 
fossil  contents  are  wholly  different  from  those  of  the  Gannister  beds 
and  those  of  the  beds  among  which  they  occur  "§.     These  species, 
nevertheless,  may  be  regarded  as  the  representatives  of  the  fiiuna 
living  in  the  adjoining  seas  during  the  deposition  of  the  strata  of  the 
Middle  and  Upper  Coal-measures,  and  as  such  differing  to  some  ex- 
tent from  that  of  Stage  E.     It  is  only  thus  by  accident  (as  it  were) 
that  we  obtain  a  view  of  the  characters  of  the  marine  fauna  during 
the  long  stage  of  the  great  coal -growth. 

(d)  Present  Mode  of  Classification  ObjectlonahU, 

With  such  palieontological  evidence  before  us,  it  has  long  seemed 
to  mo  that  the  generally  received  system  of  classification,  by  which 
the  whole  Carboniferous  series  is  divided  into  only  two  great  divi- 
sions, docs  not  express  the  real  relations  of  the  different  members  to 
each  other.     The  stages  above  the  Mountain  Limestone,  including 

♦  Discovered  by  Mr.  John  Ward,  of  Longton. 
t  Discovered  by  Prof.  A.  II.  Green. 

X  Rosscr  vein,  a  seam  above  the  true  Millstone  Grit,  *  Iron-ores  of  Great 
Britain,'  part  iii.  p.  221. 
§  *  Geology  of  Oldham,  &?.*  (Mem.  Geol.  Survey),  p.  64. 
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the  Yoredale-beda,  Millstone  Grit,  and  Gannister  beds,  are  (as  we  have 
seen)  paksontologically  connected  with  the  Mountain  Limestone, 
while  in  composition  and  mineral  character  they  are  more  nearly 
related  to  the  Upper  Carboniferous  beds.  It  was  in  view  of  their 
mineral  character  exdnsively  that  they  were  originally  grouped  with 
the  Coal-measures  into  an  Upper  Carboniferous  series ;  for  it  is  only 
recently  that  their  paUeontological  and  stratigraphical  relations  to 
the  Middle  Coal-measures  have  been  made  out.  The  small  develop- 
ment of  coal  in  these  earlier  stages,  as  compared  with  the  later,  and 
certain  minor  differences  in  the  arrangement  of  the  strata,  serve  to 
distinguish  the  two  sets  of  beds  mineralogically.  To  this  may  be 
added  evidence  of  a  break  in  the  continuity  of  the  strata  at  the  base 
of  the  Middle  Coal-measures  in  Lancashire*,  thus  affording  proof 
that  the  change  of  the  fauna  was  coincident  with,  and  was  due  to, 
changes  in  the  physical  conditions  of  land  and  water. 

It  is  true,  however,  that  tripartite  classifications  have  in  several 
instances  been  proposed ;  but  they  are  open  to  similar  objections  as 
in  the  case  of  the  binary  divisions.  Sir  K.  I.  Murchison  arranges  the 
Carboniferous  series  of  the  British  Isles  and  Europe  into  three  stages, 
the  lower  of  which  only  includes  the  Lower  limestone  Shale  and 
Calciferons  Sandstone,  while  the  middle  includes  all  the  strata  up  to 
the  Millstone  Grit ;  the  Lower,  Middle^  and  Upper  Coal-measures 
are  grouped  in  the  upper  division  t. 

Mr.  H.  B.  Woodward,  in  his  '  Geology  of  England  and  Wales ' 
(1876),  adopts  a  binary  classification,  placing  all  the  beds  below  the 
Millstone  Grit  in  the  **  Lower  Carboniferous,"  and  all  above  in  the 
"  Upper  Carboniferous."  The  objection  to  this  arrangement  is  that 
it  unites  beds  which  are  palseontologically  different,  and  separates 
those  which  are  palsBontologically  similar. 

Sir  C.  Lyell,  in  his  '  Student's  Manual,'  has  also  adopted  a  binary 
division,  placing  all  the  beds  above  the  Carboniferous  Limestone  in 
the  upper,  and  those  below  this  horizon  in  the  lower  division. 

Professor  Geikie,  in  his  edition  of  Jukes's  *  Manual  of  Geology,' 
judiciously  avoids  the  difficulty  of  the  subject  by  omitting  to  mske 
any  classification  at  all ;  vet,  for  general  purposes  of  correspondence 
or  description,  some  classification  appears  highly  desirable.. 

Mr.  Lebour  also  adopts  a  binary  classification,  placing  the  beds 
below  the  Millstone  Grit,  including  "  the  Bemician  "  and  **  Tuedian" 
groups,  in  the  lower  division,  all  above  this  in  the  upper. 

Prof.  E.  Benevier,  in  his  '  Tableau  des  Terrains  sedimentaires':(, 
gives  the  following  classification  : — 

Age8=Etagefl.  English  equiyalenU. 

Oarbomf  Are  8up6rieure :  Houiller Coal-measures. 

„  mojen:  Oulm Millstone  Grit. 

„  infirieur:  Condrusien  Mountain  limestone. 

.   „  „  Ursien  (Lower)  Limestone  Shale^ 

•        Carboniferous  Slate,  &c. 

*  The  section  showing  the  break  occurs  near  Burj,  and  is  figured  and  de- 
•jribed  by  myself  in  Uie  memoir  on  the  Geology  of  the  Country  around 
Bolton-le-Moors,  p.  6  (1862). 

^  '  Siluria/  4th  edit.  p.  404. 

t  Lausanne.  1874. 

Q.J.G.S.  No.  132.  2v 
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Tablb  III.— I 


Stages. 

Ekoland  and  Wales. 

1 

North. 

South. 

50ttiL 

a. 

Upper  Goal-measures  of 
Manchester,  &c.,  Staf- 
fordshire,    Denbigh- 
shire. 

Generally        absent 
(through  denudation). 

Absent  (thmfk  M 
datioa). 

£ 

F. 

Middle     Goal-measures 
with  thick  coal-seams 
&0.,  Lancashire,  York- 
shire, Derbyshire,  &a 

Middle     Goal-measures 
of  South  Wales  uid 
Somersetshire,  Ac 

Coal-Lrfand  CmM 
oo.  Tyrone. 

-J 

/ 

£. 

'•Gannister    Beds,**    or 
Lower  Goal-measures. 

Lower     Goal-measures, 
with  ironstones    and 
thin  coals. 

Loww  Coal-»— • 
Drumcias  (TT* 
coal-fiSii  of  h^ 
Alleai  (CO.  JjMmX 

i 

D. 

Millstone    Grit    series, 
Lancashire,        York- 
shire, Derbyshire,  Ac. 

MiUstone       Grit,      or 
"  Farewell  Eock." 

l^Olktone  Grit  rf* 
managh.  SlifB»  ■ 
(Cuilai^). 

\ 

0. 

Yoredale  series,  or  Up- 

"  Upper       Bcmician 
beds*(Lebour). 

Upper  Limestone  shale 
(thin). 

Iponrtooa  d»l»  * 
Lough  Allen,  ibo « 
Drumglas(oaTyT«" 

/ 

B. 

"  Mountain  Limestone  ** 
of  Derbyshire,  "Scaur 
or  Scar**    Limestone 
(Sedgwick). 

Garboniferous  Limestone 
of  Gheddar,  the  Wye, 
Avon,  and  Q.  Wales, 

Oarbcmiferoasto-** 

in  three  *^*^ 
BaUroastte  Oosl4«i 

CO.  Antrim  (in  P^' 

1 

.3 

A. 

"Tuedian  Group**  (Tate), 
often    absent    m    N. 
Lancashire  Ac 

Lower  Limestone  shale 
(thin). 

Galciferous  8mi4» 
series  or  Umtr  C^ 
bonif wouj  Oj^ 
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ferous  Formations. 


Scotland. 

CoirTINEMTAL. 

Conditions  of 
Deposition. 

South. 

Central. 

Belgium  and  Germany. 

it  (through   de- 
dation). 

Iter       Coal-field, 
>m  "the  Jarrow 
Md  '*  upwards. 

Upper  red  sandstones 
of    Bothwell     &c. 
Ayrshire  beds  with 
Spirorbis  Limestone. 

"  Flat-ooal "  series  or 
"  Upper  Coal  series'* 
of    Scotland    with 
thick  coals. 

Possibly    present    in 
the     Belgian     and 
Saarbriick       Coal- 
fields. 

Main    Coal-measures 
of   ^i^lgium,   Saar- 
briick,  Westphalia, 
Saxony,  and  Silesia, 

Essentially  estuarine 
and  lacustrine,  with 
intrusions  of  the  sea 
at  long  interrals. 

rer  Ooal-measurea 
r  LeinBter,  Modu- 
»«h,      ToUerton, 
kehaoa  and  Slieye- 
rdagh,  Ac. 

gstone     BerioB    of 
^ow.    KiUwnny, 
-lare,&c 

Ibale  series  "of  Oar- 
>w,  Kilkenny,  Clare, 

Beds  on  the  horizon 
of'theSUty-band" 
ironstone  ? 

"  Moorstone  rock  **  and 
Boelin  sandstone. 

"  Upper      Limestone 
series"  resting  on 
"Lower   coal   and 
ironstone  series  "  ? 

Schistes      de     Lens, 
Auchy-au-Bois, 
Chokier.      Bottom 
shales  of  the  Coal- 
measures  of  Silesia, 

Generally   absent   in 
Belgium.        Flotz- 
leerer  Sandstein  of 
Germany. 

Calcaire      de     Vis4. 
Bruchberg    crinoi- 
dal            sandstone 
(Harz)? 

Essentially  marine, 
rarely  estuarine. 
(Sea  shallower  than 
in  Stage  B.) 

^boniferotis    lime- 
^^^  in  three  di- 
Tiiiong. 

o^w  Carboniferous 

"  Lower      Limestone 
series'*  of  Gilmer- 
ton,  Soman  camp, 

• 

Calciferous  Sandstone 
series  in  two  groups. 

Carboniferous    Lime- 
stone   of    Belgium 
rOalc.    de    Dinaut, 
Oalc.  de  Toumai), 
France,    Germany, 
Busaia,  &o, 

Fsanunites   du    Con- 
droz,   "Schistes  de 
Toumai,"           and 
"  Kiesel  -  Schiefer," 
&o.            "  Jiingere 
Grauwacke'*  of  the 
Yosgee  and  of  the 
Schwarzfrald. 

Essentially  marine, 
and  deep-sea  beds 
(except  occasionally 
in  Scotland,  where 
lacustrine  or  estua- 
rine beds  occur). 

2u2 
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Thi8  dassiBcation  rather  closely  approaches  the  one  here  suggested. 
Xix  the  3rd  edition  of  the  *  Coal-fields  of  Great  Britain,'  having 
recognized,  though  not  so  fully  as  at  present,  the  paleeontological 
connexion  between  the  Gannister  Beds  (Stage  E)  and  the  Mountaiif 
ILdmestone,  I  placed  all  the  beds  from  this  formation  downwards 
incdnsiye  in  the  "Lower  Carboniferous"  division.  Though  this 
arr&Tigement  is,  from  my  point  of  view,  preferable  to  that  which 
pl&ces  all  the  beds  above  the  Limestone  in  the  Upper  Carboniferous 
division,  it  is  open  to  the  objection  of  not  sufficiently  recognizing 
petrological  characters  and  affinities. 

The  conflicting  views  amongst  authors  above  noticed  is  to  be 
attributed  to  the  want  of  some  clear  principle  upon  which  to  deter- 
mine- the  relationships  of  the  various  members  of  the  Carboniferous 
series  to  each  other.    The  palaeontological  differences  between  the 
Gannister  Beds  and  the  Coal-measures  seem  to  offer  a  good  basis  for 
drawing  a  divisional  line  at  this  horizon  ;  while  the  petrological 
differences  between  the  Carboniferous  Limestone  and  the  succeeding 
stages,  together  with  the  great  destruction  of  coralline,  crinoidal,  and 
moUoscan  life  at  the  close  of  the  former  stage,  afford  sufficient  grounds 
for  drawing  another  line  of  division  at  this  lower  horizon, — thus  con- 
stituting a  middle  Carboniferous  group,  the  beds  of  which  are  closely 
related  in  mineral  and  palaeontologicsd  characters. 

(e)  Proposed  Classification, 

In  order,  therefore,  to  give  the  affinities  and  differences  in  the 
Carboniferous  beds  due  recognition,  it  seems  desirable  to  adopt 
a  threefold  arrangement,  constituting  a  middle  group  differing 
from  the  lower  in  mineral  characters,  and  from  the  upper  in  the 
characters  of  the  prevalent  molluscan  fauna ;  and  with  this  object 
the  arrangement  shown  in  Table  I.  p.  640,  seems  to  me  the  most 
natural  that  can  be  adopted. 

In  speaking  of  the  main  divisions  as  **  essentially  marine," 
"  essentially  lacustrine,"  &c.,  I  wish  those  terms  to  be  understood 
as  representing  the  prevalent  conditions,  which  admit  of  exceptions, 
as  in  the  case  of  the  Lower  Carboniferous  group,  which,  though 
essentially  marine,  contains  in  Scotland  marginal  representatives  of 
the  period  which  are  estuarine  and  lacustrine  in  character. 

(/)  Summary  of  Conclusions. 

From  the  above  considerations  it  is  to  be  inferred  that  the  Gan- 
nister Beds  (Stage  E)  should  be  dissociated  from  the  main  mass  of 
the  coal-measures  above,  and  grouped  with  the  formations  below : — 

First.  Because  Stage  E  is  essentially  of  marine  origin,  while 
Stages  P  and  G  are  essentially  estuarine  and  lacustrine.  (See 
Table  ni.). 

Secondly.  Because  the  few  marine  species  found  in  Stages  F  and 
G  are  for  the  most  part  specifically  different  from  those  in  Stage  E. 
(See  Table  IV.) 

Thirdly.  Because  of  local  breaks  in  stratification  between  Stages 
E  and  F,  concurrent  with  the  palaeontological  break*. 

*  An  illuttration  of  Professor  Ramsay's  riews,  as  expressed  in  his  Presidential 
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On  the  other  hand.  Stages  E,  D,  and  C  fonn  one  natural  gromp, 
somewhat  similar  in  mineral  composition,  and  palseontologicallj 
connected  throughout  by  marine  moUuscan  forms.  Their  assodatioia 
mnder  the  term  ^<  Middle  Carboniferous,''  seems  to  be  a  proper 
way  in  which  to  recognize  this  rektionship. 

Lastly,  it  is  proposed  to  retain  Stages  A  and  B  in  the  Lower 
Carboniferous  group  as  generally  accepted — ^representing  the  pre- 
dominance of  marine  conditions,  and  of  mineral  characters  generally 
di£fering  from  those  of  the  overlying  beds. 

Discussion. 

Prof.  Ramsay,  after  referring  to  the  exceptional  opportunities 
which  Prof.  Hull  had  enjoyed  of  becoming  intimately  acquainted 
with  the  Carboniferous  rocks  of  these  islands,  remarked  that  in  tiie 
present  paper  he  had  correlated  these  beds  with  singular  ability, 
but  added  that,  for  his  own  part,  he  was  arerse  to  drawing  hard 
and  fast  lines  without  any  distinctly  evident  unconformity.  There 
was,  however,  evidence  of  great  up-and-down  physical  changes, 
slowly  substituting  estuarine  for  marine  conditions,  and  vice  vend ; 
and  tbese  were  associated  with  small  palseontological  breaks.  He 
did  not  feel  sure  that  the  Scaur  Limestone  of  the  north-east  is  the 
entire  representative  of  the  Lower  Carboniferous  Limestone  of 
Derbyshire.  He  thought  that  the  only  philosophical  way  of  map- 
ping the  Carboniferous  deposits  of  England  was  upon  lithol<^c^ 
principles,  colouring  the  sandstones,  limestones,  &c.  separately,  and, 
when  coal-beds  occur,  indicating  the  underclays  ^.  In  this  way  a 
good  physical  map  of  the  whole  series  would  be  obtained.  Prol 
Bamsay  also  stated  that  he  had  been  informed  by  a  Russian  gentle- 
man Uiat  the  Scotch  Coal-measures  are  identical  with  those  of 
Southern  Russia. 

Prof.  W.  BoTD  Dawkius,  referring  to  the  break  which  Prof.  HuD 
had  put  at  the  top  of  the  Gannister  series,  stated  that  he  was  unalJe 
to  recognize  any  decided  physical  or  palseontological  break  at  this 
point.  Taking  Lancashire  and  the  north,  the  Coal  series  appears  to 
be  continuous.  From  the  presence  of  remains  of  sharks  he  inferred 
that  the  upper  deposits  were  not  exclusively  estuarine  or  freshwater, 
but  at  least  partly  marine. 

Prof.  Hughes  objected  to  the  assumption  of  a  sharp  line  of 
demarcation  at  the  top  of  the  Mountain  Limestone.  He  doubted 
the  identification  of  the  so-called  Lish  Yoredale  beds  with  those  of 
Yoredale,  and  stated  that  the  latter  in  the  typical  locality  thin  out 
from  2200  to  609  feet  within  a  short  distance.  In  the  Carboniferous 
series  we  have  local  alternations  of  marine  and  freshwater  condi- 
tions ;  and  such  a  correlation  as  had  been  attempted  by  the  author, 
implying  synchronism  in  England,  Scotland,  and  Ireland,  did  not 
seem  to  him  to  be  useful. 

Prof.  Prestwich  did  not  doubt  the  correctness  of  Prof.  Hull  s 
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claasification  as  a  whole,  but  thought  that  Buch  hard  separate 
groux>B  as  appeared  to  be  iudicated  could  not  be  sustained.  In 
Shropshire  we  have  at  the  top  of  the  Coal-measures  the  SjpiroHns 
Ldmestone,  then  beds  with  various  marine  fossils,  and  below  these 
deposits  -with  AnihracosuB.  In  Belgium  the  Coal-measures  are  also 
asdociated  with  beds  containing  Belkrophon  and  other  marine  forms. 
He  considered  the  character  of  the  Carboniferous  series  to  be  depen- 
dent on  conditions  of  depth  in  the  different  areas.* 

Mr.  Stheridoe  thought  that  previous  speakers  had  been  rather 
hard  on  Prof.  Hull,  seeing  that  the  sharp  lines  objected  to  are  pre- 
cisely those  which  we  have  been  long  working  on,  and  the  author 
had  merely  attempted  to  correlate  certain  beds.    The  author*s  lists 
of  fossils  seemed  to  him  to  be  of  great  use  as  evidence  of  very  sig- 
nificant changes.     Mr.  Etheridge  maintained  that  in  the  correlation 
of  these,  as  of  other  deposits,  palseontological  as  well  as  ph3rsical 
evidence    must  be  taken  into  consideration.     It  was  difficult  to 
understand  how  such  a  flora  as  that  of  the  Coal-measures  came  to 
be  associated  with  a  marine  fauna.     Mr.  Hull's  groups  were  not 
new ;  but  the  grouping  was  important,  and  Mr.  Etheridge  was  dis- 
posed to  agree  with  him  in  his  correlations. 

Mr.  Wakington  W.  Smyth  referred  to  the  work  done  in  connexion 
with  these  questions  more  than  thirty  years  ago  by  Mr.  Binney,  and 
expressed  a  hope  that  due  credit  was  given  to  that  gentleman  in 
the  paper.  It  seemed  to  him  that  the  author  had  set  out  by  esta- 
blishing the  homotaxis  in  this  country,  but  that  he  had  then  jimiped 
to  a  conclusion  about  the  deposits  in  Scotland.  He  inquired  if  there 
was  evidence  of  the  Gannister  beds  between  those  generally  so  called 
in  En^and  and  those  in  Scotlimd,  as,  for  example,  in  Durham. 

Prof.  MoBRis  agreed  with  Prof.  Dawkins  as  to  the  difficulty  of 
recognizing  a  break  at  the  Gannister  beds,  the  distribution  of  which 
was  very  interesting ;  but  they  differ  in  their  characters  somewhat  in 
their  E.  and  W.  range  to  Wales,  as  compared  with  their  trend  from 
8.  to  N.  towards  Swtland.  Some  of  the  marine  forms  in  these 
rocks  are  species  continued  from  the  old  Carboniferous  sea.  He  said 
that  Anthnicosia  was  certainly  not  a  Unio.  In  Shropshire  there  are 
intercalated  marine  beds,  and  with  these  the  same  Anthracosia.  In 
Scotland  the  horizons  are  not  so  distinct. 

The  AuTHOB,  in  reply,  said  that  some  of  the  points  raised  by  the 
speakers  were  already  met  in  his  paper.  He  stated  that  he  had  on 
principle  rejected  both  flsh  and  plants  as  furnishing  data  for  classi- 
fication :  the  fish  were  Ganoids,  and  therefore  probably  migratory. 
Hence  we  are  compelled  to  fall  back  on  the  MoUusca.  Throughout 
the  investigation  Anthracosia  had  been  his  bane,  since  it  occurs 
sometimes  with  marine  and  sometimes  with  freshwater  companions. 
^  regards  the  term  "  Yoredale  series,"  he  used  it  in  this  paper  in 
the  sense  adopted  by  the  Geological  Survey  in  the  districts  of  Derby- 
shire, Lancashire,  and  Yorkshire.  It  seemed  to  him  that  sufficient 
importance  had  not  been  given  by  the  speakers  to  the  paUeontological 
hreak  above  the  Gannister  beds ;  out  of  75  species  of  marine  genera 
Wow  this  line  not  more  than  6  pass  upwards. 
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34.  Oil  a  new  Asba  o/Uppeb  CAiCBRiAir  Rooks  tn  Sottth  Sbxot' 
8HIBS,  with  a  DsscRipnoK  of  a  new  Pauka*  By  Ceaiui 
Callaway,  Esq.,  M^,  B.Sc  Lond.,  F.G J3.  (Bead  March  2l8t, 
1877.) 

[Plate  XXIV.] 

ImrRODrcnoH. 

Iv  March  1874  I  oommunioated  to  this  Society  a  paper  entitled, 
*'  On  a  Tremadoc  area  near  the  Wrekin  in  South  Shropshire,  with 
description  of  a  new  Fauna,''  which  was  published  in  abetnct  in 
the  Society's  Journal,  toL  xxx.  p.  196. 

In  that  paper  I  described  certain  shales,  oommonly  supposed  to 
be  Caradoc,  which  I  had  examined  at  Shineton,  two  miles  S.S.W. 
of  the  Wrekin.  In  these  shales  I  had  found  Conocotyphe,  LinffvhUa, 
and  other  fossils  of  a  Cambrian  *  type ;  and  from  this  and  odier 
evidence  I  had  concluded  the  beds  were  of  Tremadoc  age.  My  Tiews, 
however,  were  not  accepted  by  the  Fellows  present  at  the  reading 
of  my  paper,  on  account  of  the  alleged  imperfection  of  the  fossil 
evidence  ;  and,  as  I  was  at  the  time  absent  in  America,  I  had  no 
opportunity  of  defending  my  position.     Since  my  return  home  I 
have  collected  more  abundant  and  satisfactory  evidence,  both  geolo- 
gical and  palsDontological,  which  I  venture  to  think  will  eeUX^ 
my  original  conclusions.    I  have  also  made  out  some  additional 
points  of   interest  in  the  geology  of   the  neighbourhood  of  tite 
Wrekin. 

Pbbvious  IinoBMAiioir. 

Sir  B.  Murohison  has  described  the  area  under  examination,  from 
the  Wrekin  on  the  north-east  to  the  May-BlU  Sandstone  at  Eeokf 
on  the  south- west,  as  composed  of  strata  of  Caradoc  age,  the 
Wrekin  itself  being  an  igneous  outburst  altering  the  Caradoc  Bsnd- 
stone  on  its  flanks  into  quartzite. 

The  Geological  Survey  has  followed  Murchison,  but  has  included, 
under  the  name  of  **  quartzite,"  certain  sandstones  in  which  I  hate 
detected  fossils  in  abundance. 

In  the  Journal  of  this  Society  (voL  x.  p.  62),  Messrs.  AveUnj 
and  Salter  describe  this  area  as  Caradoc,  and  Salter  gives  a  list  of 
fossils  from  (so-called)  Lower  Caradoc  shales  at  Hamage  and 
Shineton,  mixing  up  Cambrian  forms,  such  as  OUnus^  from  Shine^ 
ton,  with  Cambro-Silurian  genera,  such  as  Trinucleus,  from  HamagO) 
the  shales  at  Shineton  and  at  Hamage  evidently  being  considered 
identical. 

*  I  adopt  Mr.  Hicks*!  olassiflcation  of  the  Cambrian  rocks,  and  the  V^ 
**  Oambro^ilurian'*  for  the  groups  from  the  Arenig  to  the  Lower  Umdorery 
indasiTe. 
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Salter,  in  the  'Geological  Magazine'  for  1867,  refers  to  the 
sliales  at  Shineton,  which  he  there  regards  as  'Hhe  top  of  the 
XJandeilo  Flags  proper."  The  same  writer  seems,  in  after  years,  to 
liave  been  stmck  with  the  incongruons  association  of  Camhrian  and 
Cambro-Silurian  forms ;  for,  in  '  A  Catalogue  of  the  Collection  of 
Cambrian  and  Silurian  fossils  contained  in  the  Geological  Mnsenm 
of  the  University  of  Cambridge,'  published  in  1873,  while  descri- 
bing what  he  supposes  to  be  a  Triarihrus  from  Shineton,  he  suggests, 
**  it  is  possible  that  the  locality  may  include  some  Tremadoc  beds." 
"With  tiiis  exception,  geologists  have  regarded  the  rocks  of  the  area 
Tinder  consideration  as  of  Caradoc  age. 

Object  op  the  Paper. 

I  propose  to  describe  the  Lower  Palaeozoic  rocks  ranging  from 
near  Wellington  on  the  north-east  to  the  May-Hill  Sandstone,  at 
Kenley,  on  the  south-west  (see  map,  p.  654).     T)i\b  area  is  nine  miles 
in  length,  and  two  and  a  quarter  miles  in  its  greatest  breadth.    My 
deecription  will  include  an  inlier  of  ancient  rocks  at  Lilleshall,  five 
miles  to  the  north-east  of  Wellington.  I  sh  all  pay  no  attention  to  rocks 
newer  than  the  Caradoc,  except  so  far  as  is  necessary  for  the  eluci- 
dation of  my  subject.     I  shall  endeavour  to  prove  that  the  shales  at 
Shineton  are  of  Tremadoc  age,  and  that  a  part  of  the  so-called 
«*  quartzite "  between  the  shales  and  the  Wrekin  represents   the 
HoUybush  Sandstone  of  Malvom.    I  have  also  satisfied  myself  that 
.  the  so-called  "  greenstone  ^  of  the  Wrekin  and  neighbouring  areas 
is  largely  composed  of  bedded  rocks ;  but  I  defer  discussion  on  this 
point,  and  on  the  quartzites  overlying  the  Wrekin  rocks,  till  I 
have  made  further  observations. 

Lower  Cabajmk?  Eockb. 

Mr.  Salter  noticed  at  Hamage  and  on  Cound  Brook  certain  shales 
containing  Trinudeus  concentricus^  Eaton,  Beyrichia  complicata^ 
Salt.,  Diplograpsvs  pristis,  His.,  Orthis  UBtudinaria^  Dalm.,  and 
other  Cambro-Silurian  fossils ;  and  as  these  shales  are  very  similar 
in  lithological  characters  to  the  shales  at  Shineton,  and  have  the 
same  general  strike,  both  shales  were  lumped  together  by  him  as 
Lower  Caradoc. 

After  extensive  collections  of  fossils  from  all  parts  of  the  area 
under  consideration,  I  arrived  at  the  conclusion  that  in  no  case 
were  the  Shineton  and  Hamage  faunae  intermixed.  I  also  observed 
that  there  was  a  distinct  lithological  difference  between  the  two 
shales,  the  Shineton  shales  being  more  fissile,  the  Hamage  shales 
more  conchoidal,  in  their  fracture.  I  was  greatly  puzzled,  however, 
at  noticing  that,  in  the  Cound-Brook  and  Hamage  area,  the  shales 
with  a  Cambro-Silurian  fauna  were  overlain  by  ntterly  unconform- 
able Caradoc  Sandstone,  the  unoonformability  in  some  cases 
approaching  a  right  angle.  At  the  same  time  the  shales  with  the 
older  fauna  dipped  with  apparent  conformability  under  Caradoc  sand- 
stone. At  last  I  discovered  the  following  section  (fig.l),  which  cleared 
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up  the  difficulty  and  revealed  the  true  succession.  Th6  formations 
repreBented  are: — ^the  Shineton  Shales ;  the  Caradoc,  consisting  of  the 
BToar-Edge  Grits,  the  Hamage  Shales,  and  the  Chatwall  Sandstone ; 
and  tlie  IMay-Hill  Sandstone,  or  Upper  Llandovery  of  Murchison. 


Fig.  1. — Section  through  Harnage  Orange  and  Broomcroft, 
H.  B. 

Samage  Grange.  Broomoroft. 


a.  May- Hill  Sandstone. 

b,  Chatwall  Sandstone. 
€,  Hamage  Shales. 


d.  Hoar-Edge  Grits. 
0.  Shineton  Shale. 


In  this  section  the  Shineton  Shales  and  the  Caradoc  are  appa- 
rently conformahle,  and  dip  at  an  angle  of  ahout  15°.  The  May- 
Hill  overlies  the  Caradoc  unconformahly  at  a  lower  angle. 

In  the  road  |  mile  to  the  west  of  Harley  (see  map  p.  654)  the  May- 
Hill  Sandstone  rests  immediately  upon  fossiliferous  Shineton  Shales, 
both  dipping  at  a  very  low  angle.     Half  a  mile  to  the  west  of  this 
locality.,  a  few  feet  of  sandstone  with  characteristic  Caradoc  fossils 
intervene  between  the  shales  and  the  May-Hill ;  and  half  a  mile  to 
the  west  of  the  last  locality  the  section  is  as  above  described.     Still 
further  to  the  west  and  south-west  the  Caradoc   subformations 
thicken  out  rapidly.     The  Hoar-Edge  Grits  especially,  which,  in  the 
above  section,  are  represented  by  sandstone  rendered  subcalcareous 
by  fossils,  acquire  great  thickness,  «nd  form  in  some  parts  massive 
beds  of  grit.     They  constitute  a  ridge  ranging  from  above  Hamage 
Grange,  west-south-west,  to  Shadewell  Coppice,  where  they  present 
a  conspicuous  feature  in  the  landscape,  the   increased   elevation 
appearing  to  correspond  with  the  thickening-out  of  the  beds.     To 
the  south-west  these  beds  form  the  sharp  ridge  of  Hoar  Edge.     The 
dip  is  about  15°  in    the   above  section,  but  becomes   steeper   to 
the  south-west.     The  strike  is  east  and  west  in  the  ridge  above 
Hamage  Grange ;  but  to  the  south-west  it  acquires  a  south-westerly 
trend.      The  Hoar-Edge  Grits  are  characterized  by  StropTwmena 
expansa,  Sow.,  Orthis  vespertUio,  Sow.,  and  O.flabelltdum,  Sow. 

The  grits  are  succeeded  by  the  Hamage  Shales,  which  are 
hollowed  out  into  a  valley  parallel  to  the  ridge  made  by  the  grits. 
The  most  abundant  fossils  of  these  shales,  collected  near  Broomcroft 
and  in  the  Hamage  and  Cound-Brook  area,  are  Trinudeus  eoncefi- 
'Wcw»,    Eaton,  Beyrichia   complicata^    Salt.,   Primitia  bicornis^   R. 
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Jones,  OrthU  Utiudinariaf  Dalnu,  Theea^  several  species  oC  Lsmcl- 
lilmnclis,  Dipio^nMpnu  prisHsy  His.,  and  Favosites  Jibrosm^  Goldt 
Orerlying  the  Harnage  Shales,  and  forming  a  ridge  parallel  to  & 
ridge  of  the  Hoar-Edge  Grits,  is  the  Chatwall  Sandstone  with 
(hi^s  alUmata^  Sow. 

The  May-Hill  Sandstone  laps  ronnd  the  whole  of  the  older  f(mna- 
tions  from  the  Shineton  Shales  to  the  Chatwall  Sandstones,  and  is 
dearly  nnconformahle  to  all,  the  dip  heing  in  every  case  I  haTS 
obserred  lower  than  the  dip  of  the  beds  on  which  it  rests. 

It  will  be  seen  from  the  above  facts  that  the  Hoar-JSdge  Grits,  the 
Harnage  Shales,  and  the  Chatwall  Sandstone,  all  thin  out  very  near 
together  in  the  area  between  Stonehonse  and  firoomcrof  t,  the  thres 
Bubformations  succeeding  each  other  in  regular  order  without  dis- 
turbance beyond  their  elevation  at  an  angle. 

Lower  Caradoc  Bocks  in  the  Cound-Bamage  district, — North  of 
the  Shadewell-Coppioe  ridge,  the  Hoar-Edge  Grits  and  the  Harnage 
Shales  assume  characters   which  are  stratigraphically  discordant 
with  their  relations  in  the  area  just  described.    This  disoordanoe  is 
apparently  caused  by  the  well-known  fault  which  rxma  from  the 
Wrekin  many  miles  to  the  south-west,  and  in  the  Harnage  distri^ 
brings  the  Carboniferous,  Permian,  and  Triassic  rocks  down  against 
the  Caradoc  These  lower  Caradoc  strata  cover  an  area  of  nearly  three 
miles,  from  the  river  Severn  on  the  north-east  to  Acton-Bumell 
Paric  below  Shadewell  Coppice  on   the  south-west,  and  |  mile 
in  their  greatest  breadth.    They  are  well  exposed  on  Cound  Brook 
where  it  runs  through  Evenwood  Common,  and  on  the  same  stream 
and  its  easterly  branch  in  the  picturesque  dells  to  the  south-west  of 
Harnage.    The  strike  of  the  Harnage  Shale  is,  roughly,  north-east, 
sometimes  ranging  round  to  east-north-cast.  The  beds  are  sometimes 
nearly  vertical ;  but  more  frequently  they  dip  at  a  high  angle  to  the 
south-east  or  to  the  north-west,  the  north-westerly  dips  in  some  cases 
being  as  low  as  45^«  These  shales  are  often  very  fossilSerous,  contain- 
ing the  fauna  above  described.    They  are  moderately  fissile,  but  less 
80  than  the  Shineton  Shales,  of  a  blue  colour,  changing  to  olive  near 
the  surface,  and  often  marked  with  iron-stains,  these  changes  being 
obviously  due  to  peroxidation  of  the  ferrous  oxide. 

With  the  Harnage  Shales  are  associated  the  Hoar-Edge  Grits, 
which,  as  in  the  undisturbed  areas,  consist  of  coarse  sandstones, 
sometimes  forming  conglomerates,  and  containing  a  bastard  limestone 
arising  from  the  abundance  of  fossils.  It  is  not  necessary  to  my 
present  purpose  that  I  should  describe  these  rocks  in  detail ;  suffice 
it  to  say  that,  in  the  dells  near  Harnage,  the  Lower  Caradoc  strata 
form  huls  consisting  of  outliers  of  low-dipping  or  horizontal  Hoar- 
Edge  Grit  resting  upon  the  upturned  edges  of  the  Harnage  Shales, 
the  older  lying  unconformably  upon  the  younger.  At  Acton  Pigott, 
to  the  south-west,  the  sandstone  constitutes  an  outlier  nearly  a 
mile  in  length.  A  portion  of  this  outlier  forms  a  cornice  over- 
hanging Cound  Brook  at  Evenwood  Common,  the  lower  portion  of 
the  banks  of  the  stream  consisting  of  the  nearly  vertical  Harnage 
Shales.    The  extraordinary  relations   of  these  subformations  at 
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first  suggested  that  the  sandstone  of  Acton  Pigott  might  be  Carbo- 
niferous. But  the  discovery  in  it  of  Orthis  vespertUio  and  Favositea 
JibrosuB  clearly  established  its  Cambro-Silurian  age ;  and  further 
evidence  convinoed  me  that  it,  as  well  as  the  sandstones  near 
Hamage,  represented  the  Hoar-Edge  Grits. 

This  branch  of  my  subject  I  leave  for  the  present,  the  chief 
purpose  of  my  paper  being  the  description  of  the  older  rocks  of  the 
neighbourhood. 

The  Shinbion  Shales. 

The  locality  where  I  first  observed  these  shales  is  the  spot  near 
Shineton  marked  on  the  Geological-Survey  Map  with  an  arrow 
dipping  to  the  south-east  at  50^.  The  rocks  are  there  exposed  in 
two  good  sections  on  the  left  bank  of  the  stream.  It  is  from  these 
sections  that  most  of  the  characteristic  fossils  have  been  obtained ; 
and  I  have  therefore  named  the  formation  firom  this  locality. 

1.  Area. — ^These  shales  cover  an  area  extending  from  near  Even- 
wood,  on  the  south-west,  to  within  a  mile  of  Wellington,  on  the 
north-east,  a  distance  of  eight  miles.  Their  greatest  bread^,  from 
Shineton  to  Dryton,  is  about  two  miles;  but  where  they  range 
towards  Wellington  it  is  contracted  almost  to  a  point.  The  area  is 
roughly  triangular  in  shape,  the  apex  of  the  triangle  pointing  to  the 
north-east.  Its  northrwest  side  is  bounded  by  a  fault  or  faults  for 
probably  its  entire  length,  various  formations  from  the  Hollybush 
Sandstone  to  the  Trias  abutting  against  the  shales.  On  the  south- 
east side,  the  triangle  is  covered  in  by  intrusive  basaltic  rocks  for 
one  third  of  its  distance  firom  the  apex,  and  the  remainder  by  the 
Hay-Hill  Sandstone.  The  base  of  the  triangular  area  is  limited  by 
ihe  Hoar^Edge  Grits.  It  is  not  improbable  that  the  Shales  will  also 
be  found  under  the  Hoar-Edge  Grits  to  the  south-west*. 

2.  lAthohgical  Characien. — ^The  Shineton  Shales  are  dark  blue, 
weathering  to  olive  and  yellow,  the  colouring  iron-oxide  sometimes 
separating  as  a  stain  or  film.  They  are  micaceous,  thin-bedded, 
soft,  and  rather  fissile.  On  the  Severn,  near  Cressage,  and  at 
Leighton  "UUI^  my  friend  the  Bev.  C.  Croft,  of  Newtown,  has 
detected  calcareous  nodules ;  and  we  have  collected  similar  specimens 
near  the  base  of  the  series  in  a  stream  below  the  road  |  mile 
east  of  Bank's  Lane.  At  the  top  c^  the  series,  where  it  passes 
under  Caradoc  rocks,  the  shales  become  more  arenaceous  and 
thicker-bedded,  and  present  the  characters  of  a  shore-deposit. 

3.-  delations  to  surrounding  FormcUions. — Commencing  at  the 
apex  of  our  triangular  area  on  the  south-east  side,  the  shales  are 
overlain  for  a  distance  of  nearly  two  miles  by  basaltic  rocks  intruded 
into  the  Carboniferous  series.  For  the  next  five  miles  to  the  south- 
west they  are  succeeded  unconformably  by  the  May-HiU  Sandstone. 
At  the  base  of  our  triangle  they  dip  with  apparent  conformity  under 
the  Hoar-Edge  Grits.  The  north-west  side  is  probably  entirely 
limited  by  faults,  the  formations  being  brought  against  the  shales 

*  There  is  little  doubt  that  the  yalley  between  the  Lawley  hill  and  Hoar  Edgis 
is  hollowed  out  of  Shineton  Shale. 
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in  the  fdlowing  order,  commencing  on  the  south-west : — Rarnnge 
Shales,  Coal-measures,  Quartsite,  HoUybush  Sandstone,  and  Mill- 
stone Grit.  Mr.  Croft  and  myself  have  detected  the  ^lineton  Sbaka 
within  the  disturbed  area  of  the  Hamage  Shales.  In  a  section  of 
about  100  yards,  on  Cound  Brook,  just  above  Cound-Moor  Qoazrj, 
we  have  the  following  perplexing  succession  : — 

(1).  Bhineton  Shales,  dip  easterly  at  55^. 

(2).  Hamage  Shales,  dip  N.N.W.  at  65^ 

(3).  Conglomerate,  dip  unknown. 

(4).  Bhineton  Shales,  dip  unknown. 

The  beds  are  so  dislocated  in  this  area  that  I  can  make  out  no 
d^nite  relations  between  the  Shineton  Shales  and  the  newer  loeks; 
and  I  have  not  attempted  to  map  these  fragments  of  the  older 
series. 

4.  Dip  and  Strike, — ^The  general  strike  of  the  shales  is  aboat 
south-west,  agreeing  with  the  direction  of  the  great  fault  and  of 
the  so-called  igneous  elevations  of  the  district ;  but  towards  tiie 
south-west  end  of  the  area  it  bends  roxmd  to  the  west,  correspond- 
ing with  the  strike  of  the  overlying  Caradoc.     The  mean  dip  of  the 
greater  part  of  the  shales  is  about  30^  to  the  south-oast ;  but  in  the 
lower  part  of  the  series,  where  they  approach  the  fault,  it  beocmies 
higher,  then  vertical,  then  dips  steeply  to   the   north-west,    the 
e^ence  pointing  towards  the  existence  of  an  anticlinaL     To  the 
south-west,  where  the  beds  incline  to  the  south  below  the  Caradoc, 
the  dips  are  below  30°,  averaging  15^  to  20°.    A  few  examples  will 
illustrate  my  statements.     At  Bull-Hill  Cottage,  near  Evenwood, 
where  an  upper  branch  of  Cound  Brook  cuts  through  the  escarp- 
ment of  the  Hoar-£dge  Grits,  the  grits  dipping  at  25°  rest  upon 
the  shales  inclined  at  about  the  same  angle.     One  mile  to  the  east, 
above  Hamage  Grange*,  Caradoc  at  15°  is  underlain  by  shale  at 
12°.     One  mile  to  the  east  of  the  last  locahty,  where  May-Hill 
Sandstone  lies  on  the  Shineton  Shale,  both  dip  at  an  angle  of  not 
more  than  6°.    Two  miles  to  the  north-east,  at  Shineton,  the  shales 
dip  at  45°  and  the  May  Hill  at  10°.     Most  of  these  dips  and 
strikes  were  first  taken  by  the  Bev.  C.   Croft,  to  whom  I   am 
indebted  for  many  valuable  suggestions  and  much  effectual  assist- 
ance, and  on  whose  judgment  I  can  entirely  rely ;  but  in  the  great 
majority  of  cases  I  have  confirmed  his  results  by  my  own  observa- 
tions.   A  few  dips  in  different  parts  of  the  area  are  discordant  with 
the  general  strikes,  but  they  are  probably  due  to  slight  local  dis- 
turbances.    I  estimate  the  diiokness  of  the  Shineton  Shales  at  not 
less  than  1500  feet. 

5.  Stratigrt^hioal  Pbsition. — ^The  Shineton  Shales  underlie  the 
May-HiU  Sandstone  imconformably ;  they  are  therefore  older  than 
that  formation  by  an  interval.  They  underlie  the  Caradoc,  and  are, 
of  course,  of  greater  antiquity.  There  is  no  formation  which  they 
clearly  overlie ;  they  may  therefore  be  of  any  age  anterior  to  ^ 
Caradoc.    I  shall  endeavour  to  show  that  they  are  of  Tremadoo  age. 

*  ThU  locality  must  not  be  confounded  with  the  riUage  of  Hamage,  one 
**''  and  a  half  to  the  north. 
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(a).   Evidence  from  fossils. — Most  of  the  Shineton  forms  are  new 
specnfioally,  and  several  new  generically.    The  species  which  are  of 
geol<^cal  value  are  the  following : — 
Conoeoryphe  moniU,  Salter. 

This  species  closely  resembles  C,  striata,  Emmr.,  which  is  one  of 
the  forms  characteristic  of  Barrande's  '*  JPrimordial  zone,"  and  is 
truly  typical  of  the  genus.     Conoeoryphe  proper  is  common  in  the 
Lower  Cambrian  of  St.  David's  and  in  the  Potsdam  Sandstone  of 
l^OTth  America,  but  is  not  characteristic  in  newer  formations  in 
Britain.     It  is  one  of  the  most  ancient  known  forms  of  life. 
Olenus  SaUeri,  Callaway,  and  0,  triarthrus,  n.  sp. 
This  genus  has  not  hitherto,  so  far  as  I  am  aware,  been  found 
above    or  below  the  horizon  of  the  Lingnla-flags.     These   two 
species  axe  not  typical  Oleni^  but  are  allied  to  some  of  Angelinas 
sal^enera,  possessing  characters  found  in  Lq^toplastus,  Eurycare^ 
and  SpTicarophthalmus ;   but  they  cannot  be   located  with  either. 
Angelinas  subgenera  are  characteristic  of  his  Be^o  A,  which,  what- 
ever be  the  exact  position  to  which  it  is  finally  assigned,  is  certainly 
very  low  down  in  the  earlier  rocks.     It  is  probably  representative 
of  our  lingula-flags. 
A^nQStus  dux,  n.  sp. 

A  form  closely  allied  to  certain  Menevian  forms  of  St.  David's. 
Linguldla  Nichohoni,  Call. 

Besembling  L,  Upis,  Salt.,  of  the  Lower  and  Upper  Tremadoc 
of  Portmadoc. 

OboleJla  sahrince.  Call. 

Closely  allied  to  0.  sagitudis.  Salt.,  of  the  Menevian  of  St.  David's. 
The  above  fauna  has  a  very  ancient  facies,  and,  taken  by  itself, 
would  suggest  an  age  anterior  to  the  Tremadoc. 

Species  of  Theca  and  BelUrophon  occur  in  the  shales,  and,  though 
not  of  decisive  value,  are  forms  which  we  should  expect  to  find  in 
Cambrian  rocks. 

Asaphus  (Asaphelltts)  Homfrayiy  Salt. 

An  Ajsaphid  with  unforked  labrum,  common  in  the  Upper  Tre- 
madoc of  Portmadoc,  and  the  only  form  in  the  Shineton  Shales 
(except  perhaps  a  hydrozoan  or  two)  which  is  not  new  to  science. 
Asaphus  {FlatypeUis)  Croftii,  CaU. 

An  asaphoid  form  with  entire  labrum,  but  of  a  different  type 
from  A.  Homfrayi,  The  typical  Asaphids  are  Cambro-Silurian ;  but 
the  entire  labra  connect  these  two  species  with  the  older  forms  of  the 
family,  such  as  Niobe. 

The  majority  of  the  above  species  have  an  older  facies  than  the 
Tremadoc;  but  the  abundant  occurrence  of  an  Upper-Tremadoc  form 
and  of  another  Asaphid  points  in  an  opposite  direction;  and  I 
submit  that  the  facts  of  the  case,  so  far  as  the  fossils  are  concerned, 
^ill  be  best  satisfied  by  referring  the  beds  to  the  age  of  the  Lower 
Tremadoc. 

(6).  Evidence  from  Correlation  with  rocks  in  other  localities, 
IHctyonema-heds  at  Pedwardine, — About  25  miles  to  the  south- 
west of  Shineton,  there  is  a  small  exposure  of  shales  at  Pedwardine, 
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near  Brampton  Bryan.  Thflee  have  been  noticed  by  Sir  Bodeii^ 
MnrohiBon  and  other  authors,  and  have  been  comnumly  placed  in 
either  the  lingola  or  the  Tremadoo  series.  They  occor  in  the  same 
line  of  strike  as  the  Shineton  Shales,  and  lire  dose  to  the  saiike  great 
Bonth-west  fianlt  on  the  same  (the  south-east)  side.  Thej  dip  at 
a  hig^  angle  (about  45^)  to  the  west  or  west  south- wast,  and  are 
overlain  by  nearly  horizontal  May-Hill  Sandstone,  the  relatioii  of 
the  two  formations  being  similar  to  their  relation  at  Shineton.  In 
lithological  character,  iiie  Pedwardine  beds  are  undistingmahaMff 
from  the  Shineton  Shales ;  and  they  contain  in  abundance  a  eommon 
Shineton  fossil,  LinguleUa  NMoUoni.  It  can  scarcely  be  doubted 
that  the  two  shales  are  identical;  but,  before  offiwring  farther 
comment,  I  wiU  call  attention  to  another  locality. 

Upper  Cambrian  of  Malvern, — ^The  succession  of  Cambrian  loeks 
near  White-leayed  Oak,  south  of  Malyem,  in  descending  order,  is  aa 
follows : — 

1.  light-coloured  shales  with  Dietyonema  soeiaJe^  Salt. 

2.  Black  shales  with  numerous  Olenids. 

3.  Hollybush  Sandstone. 

The  uppermost  group,  the  Dietyonema^halea,  has  been  generaDy 
considered  the  equivalent  of  the  shales  at  Pedwardine,  since  it  is 
Uthologically  identical,  and  contains  abundance  of  the  same  Didf- 
anema.  I  have  examined  certain  specimens  from  these  shalea  whidi 
are  in  the  museum  at  Malvern  College,  and  in  Dr.  Grindrod's  collec- 
tion ;  and  I  had  the  satisfaction  of  identifying  them  as  PUuypeUis 
Croftii  and  Conophrys  $akpiensis^  two  Trilobites  characteristic  of  the 
Shineton  Shales,  lliese  shales  are  also  lithologicaUy  identical  with 
those  of  Shineton,  and  hold  the  same  relation  to  the  overlying  May- 
Hill  Sandstone.  They  hold  a  similar  relation  to  the  Hollybush 
Sandstone.  I  have  recently  discovered  between  the  Shineton 
Shales  and  the  Wrekin  a  band  of  Hollybush  Sandstone,  which  I 
shaU  describe  further  on.  This  sandstone  occurs  below  the  Di^if- 
on^mo-shales  at  Malvern  with  the  interposition  of  the  black  (Xenu^- 
shales.  The  juxtaposition  of  this  sandstone  to  the  shales  at  Shineton 
and  at  Malvern  is  a  strong  corroboration  of  the  evidence  I  have 
adduced  for  the  identity  of  the  two  shales. 

A  comparison  of  the  three  formations  at  Shineton,  Pedwardine, 
and  Malvern  is  very  interesting.  The  Shineton  beds  are  connected 
with  the  Pedwardine  shales  by  lithological  resemblance,  stratigia- 
phical  position,  and  the  occurrence  of  LinguleUa  Nichoboni.  Hie 
Pedwaniine  rocks  are  correlated  with  the  Malvern  DtWyon^ma-shales 
by  lithological  resemblance,  stratigraphical  position,  and  the  link  of 
Dictyonema  soeiale.  The  Shineton  Shales  are  directly  connected  with 
the  Malvern  beds  by  lithological  resemblance,  stratigraphical  posi- 
tion, and  the  occurrence  of  two  species  of  Trilobites  in  common — 
and  indirectly  through  their  correlation  with  the  Pedwardine  shales. 
I  think  I  may  fairly  conclude  that  the  Dictyonema  beds  at  Pedwar- 
dine and  Malvern  are  representatives  of^the  Shineton  Shales. 

The  occurrence  of  Dictyonema  sociale  in  the  Shineton  Shales  at 
Pedwardine  and  Malvern  furnishes  another  link  in  the  chain  of 
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palfleoniological  eyidenoe.  This  species  is  common  at  the  base  of  the 
Lower  Tremadoc  of  North  Wales,  and  helps  to  connect  that  formation 
with  the  Shineton  Shales.  Taken  by  itself,  the  occurrence  of  a  single 
species  may  not  be  decisive ;  bat  when  other  lines  of  eyidence  con- 
verge to  the  same  point,  this  fEict  is  of  value. 

I  have  stated  that  all  the  species  of  the  Shineton  Shales  are  new 

but  two,  Asaphellus  Homfrayi  and  Dictyonema  sodale^  and  perhaps 

a  hydrozoan.     It  is  strange  that  the  fauna  should  be  thus  so  nearly 

unique,  if  beds  of  the  same  age  and  of  similar  lithological  characters 

(slates  being  simply  altered  shales)  had  been  deposited  in  the  same 

sea  ;  and  that  there  was  a  water  connexion  between  the  Shineton 

and  Tremadoc  areas  is  evident  from  the  occurrence  of  two  species  in 

common.    I  would  therefore  suggest  the  probability  of  the  Shineton 

Shales  forming  beds  of  passage  between  the  Lingula-flags  and  the 

Lower  Tremadoc — a  probability  which  is  strengthened  by  the  fact 

that  Dictyonema  sociale  occurs  in  passage-beds  in  the  Tremadoc  area. 

6.  Distribution  of  the  Fauna. — The  bulk  of  the  fossils  have  been 

found  high  up  in  the  series  at  Shineton ;  but  lAngxdella  Nichohoni 

and  Obolella  sabritux  occur  almost  wherever  the  shales  are  fossi- 

liferous,  ranging  down  to  the  base  of  the  series  near  Dryton,  where 

the  rocks  b^gin  to  assume  a  north-westerly  dip.     Graptolites  are 

common  nortih  of  the  Severn,  their  chief  habitat  being  Mary  Dingle, 

near  Garmston,  but  have  not  yet  been  found  south  of  that  river  on 

any  horizon.     Trilobites  have  rarely  been  found  away  from  the 

Shineton  section,  the  exceptions  being  a  single  specimen  of  Platy^ 

pdtis  CroftU  in  Mary  Dingle,  an  undeterminable  Trinucleoid  form 

from  the  same  locality,  Conophrys  salopiensis  in  the  arenaceous  beds 

near  the  top  of  the  series  west  of  Harley,  and  both  P.  Croftii  and 

0.  zaJopiensis  from  Malvern.    MaerocysUlla  (a  new  Cystid)  has  been 

detected  only  at  Shineton  and  on  Cound  Brook. 

7.  Relation  to  the  black  Olenus-shales  at  Malvern. — In  the  Shine- 
ton area  the  shales  are  lithologically  homogeneous  from  top  to  bottom 
(except  that  they  grow  more  arenaceous  towards  the  top),  and  never 
put  on  the  aspect  of  the  black  shales.     The  fossils  also  show  no 
signs  of  transition  into  another  formation,  Lingulella  Nichohoni  and 
Oholdla  sabrinas  characterizing  the  series  throughout  its  entire  ver- 
tical extent ;  and  none  of  the  forms  are  found  in  the  black  shales, 
the  three  Shineton  species,  Dictyonema  sociale^  Conophrys  salopiensis^ 
and  Platypeltis  Croftii  being  found  at  Malvern  only  in  the  light- 
coloured  upper  shales.     I  am  therefore  disposed  to  conclude  that 
the  Shineton  Shales  represent  only  the  Dictyonemasholes  of  Malvern, 
though  they  have  a  much  greater  thic^ess.     There  are  signs  of 
great  unconformity  between  the  Shineton  Shales  and  the  Hollybush 
Sandstone  of  the  Wrekin.     In  Wenlock  Wood,  near  the  Wrekin,  the 
•hales  dip  away  in  the  same  direction  as  the  sandstone ;  but  to  the 
south-west,  near  Bank's  Lane,  they  dip  towards  the  sandstone  to 
the  north-west ;  and  to  the  north-east,  under  Madox's  Hill  and  near 
Willow  Moor,  the  sandstone  dips  away  from  the  shale.      It  there- 
^^^^  appears  probable  that  the  shales  are  faulted  against  the  sand- 
stone ;  and  if  the  black  shales  ever  existed  in  the  area,  they  must 
Q.J.G.S.  No.  132.  2x 
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either  be  thrown  down  ont  of  sight,  or  the  antidinal  to  whkk  I 
have  alluded  has  not  brought  them  to  the  surface. 

The  Holltbush  SA3n>8TONB. 

Forming  a  continuous  band  between  the  Shineton  Shales  and  the 
quartzite  which  rests  upon  the  Wrekin,  is  a  series  of  tbin-bed^ 
micaceous,  green  sandstones,  holding  the  same  geographical  r^atka 
to  the  Shineton  Shales  as  the  Hollybush  Sandstone  of  Malvern  hoUi 
to  the  black  O^mu^-shales.    The  identification  of  this  rock  with  the 
Hollybush  Sandstone  is  placed  beyond  doubt  by  the  farther  erkkoe* 
of  Kutargina  eingulata,  Bill.,  which  occurs  in  abundance  and  in  good 
preservation  at  Neves  Castle,  at  the  south-west  end  of  the  Wr^ds, 
and  has  also  been  detected  by  me  near  Lawrence  Hill,  one  ol  the 
lower  elevations  of  the  Wrekin  range,  where  the  sandstone  has  beoi 
excavated  for  the  purpose  of  erecting  an  ancient  tumnlos.     At  thii 
locality  I  also  found  the  impression  of  the  thorax  of  a  Trilobite, 
but  too  imperfect  for  even  generic  identification.     The  sandstont 
covers  an  area  three  and  a  half  miles  in  length  by  half  a  mile  is 
its  greatest  breadth,  its  length  running  parallel  to  the  axis  of  t^ 
Wrekin.    The  dips  are  very  various.     At  the  north-east  end  of  the 
area  several  exposures  give  a  dip  averaging  50*^  to  the  west-south* 
west.    Near  the  road  ascending  irom  the  Wrekin  to  the  Hatch  ^iia 
the  dip  is  76°  to  the  north-west.     One  third  of  a  mile  to  the  soutb- 
west  of  this  locality,  the  sandstones  dip  south-30°-ea8t  at  an  an^ 
of  55°,  apparently  resting  conformably  upon  the  quartzite  whidi 
immediately  underlies  them.     In  a  quarry  250  yards  from  this, 
the  dip  is  we8t-30°-south,  at  35°.     At  the  south-west  end  of  the 
sandstone  area,  near  Neves  Castle,  are  two  exposures,  one  on  the 
north  of  the  road  dipping  south-south-east  at  50°,  and  one  to  tiitf 
south  of  the  road  with  a  dip  of  50°  to  the  south-5°-we8t.     This  last 
locality  is  the  quarry  in  which  Kutorgina  eingulata  plentifully  occure* 
The  same  dip  as  the  last  is  seen  in  a  quarry  to  the  south  of  the  road 
from  Neves  Castie  to  Long  Wood.    The  sandstone  and  the  shales 
are  found  in  almost  immediate  contact  in  Back  Dingle,  to  the  south* 
west  of  Neves  Castle ;  and,  south  of  the  road  from  Neves  Castle  to 
Bank's  Lane,  a  stream-section  shows  the  Shineton  Shales  plunging 
at  an  angle  of  65°  towards  the  sandstone.     I  have  already  (p.  661) 
given  reasons  for  concluding  that  the  Shineton  and  the  Hollybush 
are  separated  by  a  fault.     The  irregularity  of  the  dips  which  I  have 
just  described  shows  also  a  want  of  conformity  between  the  sand- 
stone and  the  quartzites,  which  dip  regularly  away  from  the  Wrekin 
to  the  south-east.     1  am  obliged  to  infer  that  the  Hollybush  Sand- 
stone in  this  locality  is  bounded  by  faults  on  both  sides. 

This  sandstone  is  also  found  at  Lilleshall,  five  miles  to  the  north- 
east of  the  Wrekin,  where  it  constitutes  an  inlier  a  mile  long  by 
I  mile  wide.  It  is  micaceous,  thinly  laminated,  and  of  a  blackish 
green  colour.  It  is  well  exposed  in  the  road  through  the  village, 
dipping  evenly  to  east-30°- south  at  30°.  On  the  south-east  it  iM 
bound^  by  the  Carboniferous  Limestone  and  the  Millstone  Grit,  on 
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the  nortb-west  by  a  &iilt  wbicb  divides  it  from  rocks  similar  to 
those  of  the  Wrekin.  The  qtiartzite,  which  in  the  Wrekin  district 
intervenes  between  the  sandstone  and  the  central  rocks  of  the  axis, 
ifi  here  absent.    I  have  not  detected  fossils  in  this  area. 

Phtsioal  Peatubbs  of  the  Shutetok  Area. 

The  Shineton  Shales,  as  may  be  imagined  from  their  uniform  soft- 
ness, present  few  striking  inequahties  in  the  landscape  ;  but  to  the 
north  of  the  Severn,  where  small  streams  have  cut  deeply  into  them, 
tlie  narrow  and  picturesque  ravines  called  respectively  Back  Dingle 
and  Mary  Dingle  are  formed.  To  the  south-west  of  the  Wrekin. 
the  HoUybush  Sandstone  constitutes  high  ground  slopir^g  down 
towards  the  shales ;  but  to  the  north-east  of  the  area,  where  the 
^Wr^n  chain  rises  into  a  lower  elevation  called  the  Ercal,  the  sand- 
stone forms  a  distinct  wooded  ridge  parallel  to  the  axial  elevation  of 
the  district,  and  during  the  north-easterly  part  of  its  course  is 
accompanied  by  a  second  parallel  ridge,  caused,  I  believe,  by  a  repe- 
tition by  a  faidt.  In  the  disturbed  region  on  Cound  Brook,  the 
outliers  of  Caradoc  sandstone  give  great  variety  to  the  scenery, 
forming  the  cappings  of  low  but  steep  hills  separated  by  narrow 
gorges  excavated  in  the  soft  Hamage  Shales.  The  Hoar-Edge  Grits 
also  constitute  the  low  ridge  on  which  Acton  Pigott  is  situated. 
The  same  sandstone,  with  the  upper  arenaceous  beds  of  the  Shineton 
Shales  underlying,  forms  the  ridge  which  limits  the  area  of  the 
Shineton  Shales  to  the  south-west,  and  rises  to  a  bold  elevation  at 
Shadewell  Coppice,  overhanging  Acton-Bumell  Park.  In  this  same 
locah'ty  the  Chatwall  Sandstone,  partly  covered  in  by  the  May-Hill 
Sandstone,  makes  a  ridge  running  roughly  parallel  to  the  Hoar- Edge 
Grits,  the  intermediate  Hamage  Shales  being  hollowed  out  into  a 
deep  valley. 

DESCRIPTION  OF  THE  FAUNA. 

AsAPHTJs,  Bran^n, 
AsA^HXixxrsi  nov.  subgen. 
AsAPHXTs  (AsAPHELLTJs)  HoMPRATi,  Salter.    (Plate  XXIV.  fig.  1.) 

Our  Shineton  form  is  undistinguishable  from  Salter's  species.  I 
reproduce  part  of  his  description  (Mon.  Sil.  Tnl.  p.  165,  pi.  xxiv. 
fig8.  6-12):— 

^  The  head  is  more  than  a  third  of  the  whole  length,  and  longer 
than  the  thorax,  which  in  its  turn  is  longer  than  f  he  caudal  shield. 
The  head  is  semioval,  rather  pointed  in  front,  and  has  very  short 
posterior  spines ;  it  is  broadly  depressed  round  the  margin.  The 
glabellar  portion  is  scarcely  marked  out ;  the  eyes  are  placed  nearly 
halfway  up  the  head ;  they  are  small  (two  lines  long),  the  faci^ 
sutures  curving  out  boldly  beneath  them,  and  cutting  the  posterior 
margin  more  than  halfway  out  from  the  axis.  Above  the  eye  they 
form  a  narrow  ogive,  and  nearly  follow  the  front  margin.     On  the 
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underside  of  the  head  the  Tertical  farrow  on  the  epistome 
distinctly  through  the  cast.     The  labrum  is  impcifeet,  but  ezhi^ 
a  strong  marginal  groove  and  two  small  lateral  furrows. 

*'The  body-rings  have  the  axis  as  broad  as  the  sides,  and  modcnEt^ 
convex.  The  pleurae  are  flat  as  far  as  the  falcrum,  truncate  at  tbesi 
ends,  and  have  but  a  slight  groove,  which  reaches  only  two  ^irdt 
of  the  length.  The  fulcrum  is  at  one  third  in  front,  and  leas  tha 
halfway  out  in  the  middle  rings. 

"  The  caudal  axis  extends  three  fourths  down  the  smooth  tail,  Tcry 
indistinctly  marked  above,  but  in  some  specimens  crossed  by  sefcral 
faint  rings,  and  is  always  prominent  at  the  tip. 

"  This  has  the  characteristic  facial  suture  of  IsoUhu ;  but  if  i» 
labrum  bo  like  that  of  A,  affinis  (t.  e.  entire),  a  point  whicb  is  «^ 
yet  known,  it  may  belong  to  quite  a  distinct  subgenus." 

To  this  account,  which  very  well  suits  our  Shineton  forms,  I  1ist» 
to  add  a  description  of  the  labrum. 

Labrum  as  broad  as  long,  rounded  on  all  sides,  slightly  indented 
in  front ;  centre  rather  convex,  with  a  strong  furrow  on  each  side 
converging  to  nearly  the  front  indentation ;  just  below  the  ocffltie 
a  tubercle  on  each  side,  margined  by  a  short  deep  furrow  behind. 

The  labrum  (PL  XXIV.  fig.  1),  as  Salter  inferred  from  the  imper- 
fect material  at  his  command,  is  not  forked,  a  character  which  dwly 
distinguishes  this  species  from  typical  Asaphi ;  and  I  propose  £o(r  it 
the  subgcnerio  name  of  Asaphellus.  Fragments  indicate  a  sire  of 
three  inches  by  two.  This  makes  the  breadth  greater  than  in  Salter'i 
description,  "  three  inches  long  and  one  and  a  half  broad  ;"  but  the 
specimens  from  Portmadoc  are  so  greatly  cleaved  as  to  render  the 
measurement  of  proportions  exceedingly  difficult. 

Prom  the  Shineton  Shales  at  Shineton.    Very  common. 

Plattpkltis,  subgen.  nov.,  Callaway. 

Platypehh,  Callaway,  Quart.  Joum.  GeoL  Soc.  vol.  xxi.  p.  196, 
1874. 

Oval,  moderately  convex;  axial  furrows  tapering  gradually  bad^- 
wards  from  where  they  meet  the  facial  suture  in  front  of  the  eye  to 
two  thirds  the  length  of  the  tail ;  head  and  thorax  about  equal  in 
length,  tail  shorter. 

Head  with  short  check-spines,  length  two  thirds  the  width ;  eyes 
placed  near  the  margin,  one  third  the  length  of  the  head,  facets 
small  as  in  typical  Asaphi ;  facial  suture  forming  three  curves  of 
about  equal  length,  cutting  the  front  margin  in  front  of  the  eye,  and 
the  hinder  margin  at  more  than  halfway  from  the  axis  ;  glabdla 
one  third  of  the  width  of  tho  head  behind,  lobeless,  axial  furrows 
well  marked  ;  labrum  (PL  XXIV.  ^g.  2  a)  entire,  broadly  rounded  in 
front,  closely  resembling  the  labrum  of  Asaphellus,  but  seemingly 
destitute  of  the  two  furrows  which  converge  from  the  side  tubercles 
towards  the  front. 

Thorax  with  well-marked  axis  equal  in  breadth  to  the  pleurse : 
pleurce  rounded  at  the  ends,  faceted,  grooved  to  less  than  half  their 
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ront,  to  two  thirds  behind,  with  fulcrum  at  about  one  third 
xis. 

looth;  axis  extending  to  two  thirds  the  length,  faintly 
Ith  transTerse  farrows ;  caudal  fascia  broad,  well  striated, 
i  bgenus  is  distinguished  by  its  large  eyes  and  unforked 
rho  central  shield  of  the  head  is  often  found  alone  ;  and  its 
lape  is  very  distinctive.  It  is  worth  noting  that  both  the 
of  these  ancient  rocks  have  the  labrum  entire. 

PiATTPBLTis)  Cboftii,  Call     (Plate  XXIV.  fig.  2.) 

8  (Platypdtis)  Croftii,  Call.  Quart.  Journ.  Geol.  Soc.  vol. 

96, 1874. 

aracters  of  the  genus  will  suffice  for  the  one  species. 

;ho  Shineton  Shales  at  Shineton,  where  it  is  common ;  Mary 

lear  Garmston ;  Dictyonema-shales  at  Malvern  (Dr.  Grind- 

ection). 

Agxostub,  Brongn, 

8  DUX,  n.  sp.    (Plate  XXIV.  fig.  3.) 

2  length  and  breadth  equal,  with  a  narrow  margin ;  gla- 
If  the  length  of  the  head,  sometimes  longer,  as  broad  as  the 
-^ks  behind,  narrowing  towards  the  front,  with  a  transverse 
>ne  third  from  the  front. 

ax  I  axis  wide,  each  of  its  rings  trilobed,  the  central  lobe 
nder  than  the  others ;  pleurao  not  much  longer  than  the  side 
f  the  axis. 

same  size  as  the  head,  with  small  side  angles;  axis  one 
)  two  thirds  the  length  of  the  tail,  with  a  large  tubercle  at 
ide  in  front,  and  a  transverse  sulcus  about  halfway  down,  the 
alar  space  thus  enclosed  rising  into  a  tubercle. 
3  species  resembles  A.  Maccoyi,  Salt.,  but  differs  from  it  in  the 
la,  which  in  A.  Maccoyi  has  its  front  division  lunate,  whereas 
ur  has  the  glabella  divided  transversely  by  a  straight  line,  in 
respect  resembling  A,  scutalu,  Salt.,  and  some  other  Menevian 
i.  The  largest  specimen  I  have  seen  is  a  little  over  half  an  inch, 
om  the  Shineton  Shales  at  Shineton.    Kot  very  rare. 

CoNOCOKYPHB,  CorcUt. 
ocoBTPHE  M05ILE,  Salt,     (Plate  XXIV.  figs.  4,  4  a,  4  6.) 

'Onoeoryphe  manile.  Salt.  Cat.  Cambr.  &  Sil.  Foss.  Univ.  Cambr. 

3,  p.  32.     "  Glabella  lobed  and  front  marginal  furrow  dotted." 
.  add  a  fuller  description  of  this  interesting  little  species  : — 
Jval,  convex,  surface  finely  granuliferous,  length  about  |  inch. 
Head  semicircular ;  front  marginal  furrow  dotted ;  cheek-spines 
ig  ;  glabella  strongly  lobed,  almost  as  in  Calymene,  three  fifths  the 
igth  of  the  head  ;  facial  suture  cutting  the  front  margin  a  little 
iiide  the  eye  and  the  hinder  margin  a  little  inside  the  head-spines ; 
Q  large,  placed  near  the  side  margin,  ocular  ridges  well  marked. 
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Thorax  of  13  rings ;  axiB  about  ^  the  width  of  the  body,  each 
ring  rising  into  a  nodule  at  the  sides ;  pleurae,  fulcrum  neaily  half- 
way out,  grooved  almost  to  the  ends,  which  are  rounded. 

Tail  small,  entire,  axis  reaching  nearly  to  the  margin. 

This  species  closely  resembles  C.  striata^  £mmr.,  of  Bamnde'a 
«'  Primordial  Zone.'' 

From  the  Shineton  Shales  at  Shineton.    Common. 

Olbnus,  Dalm. 
Olentts  Saltbri,  Call.    (Plate  XXIV.  fig.  5.) 

{Conocoryphe)  Quart.  Joum,  QeoL  Soc.  voL  xxx.  p.  196. 

Head  wider  than  body,  transversely  oval,  with  short  curved  spines 
at  two  thirds  from  the  front,  margined  by  a  narrow  furrow ;  ^bdla 
ovate,  wider  than  fixed  cheeks,  nearly  reaching  the  front  maiyn, 
with  two  pairs  of  lateral  ftirrows ;  facial  suture  as  far  out  behind 
as  the  ends  of  the  pleursB,  but  in  f^ont  cutting  the  margin  a  little 
outside  of  the  anterior  prolongation  of  the  sides  of  the  glabdla ; 
eyes  forward,  submedian,  roundish  oval,  prominent,  distinctly  show- 
ing the  facets  ;  occipital  ring  with  a  spine  or  tubercle. 

Thorax  of  11  (or  more)  rings,  each  ring  with  a  tubercle ;  axis  as 
wide  as  pleurse  ;  pleurso  strongly  grooved  and  bent  sharply  back- 
ward into  points. 

Pygidium  small,  axis  of  two  or  three  rings,  nearly  reaching  the 
margin,  which  is  rounded. 

I  originally  described  this  as  a  Conoeori^hey  from  imperfect  ma- 
terial. 

From  the  Shineton  Shales  at  Shineton.    Common. 

Olenus  TRIARTHRT7S,  u.  sp.    (Plate  XXIV.  fig.  6.) 

Head  wider  than  body,  transversely  oval,  with  curved  spines  at 
two  thirds  from  the  front  reaching  back  as  far  as  the  tail,  margined 
by  a  deep  dotted  furrow ;  glabella  much  wider  than  the  fixed  cheek, 
Bubquadrate,  shorter  than  in  0.  SalUri,  with  two  pairs  of  lateral 
furrows,  the  hinder  pair  nearly  meeting ;  facial  suture  nearly  as  far 
out  as  the  ends  of  the  pleursB  behind,  in  front  cutting  the  margin 
some  distance  outside  the  forward  prolongation  of  the  sides  of  the 
glabella ;  eyes  forward,  near  the  glabella ;  occipital  ring  with  a 
tubercle. 

Thorax  of  15  (or  more)  rings  ;  axis  not  so  wide  as  the  pleune, 
each  ring  with  a  tubercle ;  pleurae  grooved  to  the  ends,  bent  back  to 
a  point. 

Pygidium  short,  rounded ;  axis  of  2  or  3  rings,  reaching  nearly 
to  the  margin. 

.This  species  is  easily  separated  from  0.  Salteri  by  its  squarish  gla- 
bella, its  long  cheek-spines,  its  narrow  axis,  and  its  more  nimierous 
segments.  In  its  long  spines  it  resembles  Euryeare,  Aug. ;  but  the 
eyes  are  not  lateral  as  in  that  genus.  In  some  points  it  suggests  2W- 
arthrus,  and  is,  perhaps,  the  fonn  which  Salter  doubtfully  assigned 
to  that  genus. 
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From  the  Shineton  Shales  at  Shineton.  Common.  I  am  indebted 
to  my  friend,  Mr.  C.  Bird,  B.A.,  of  Bradford,  for  the  loan  of  speci- 
mens of  this  and  other  species. 

These  two  species  are  distinguished  from  Olmus  proper  by  their 
-wide,  ronnded  side  cheeks,  witii  spines  proceeding  from  the  middle, 
and  they  are  more  nearly  allied  to  some  of  Angelm's  subgenera.  0. 
Salteri  resembles  Lq>toplastu8,  Aug.,  in  its  shorty  head-spines,  and 
SpJuBrophthalmus  in  its  convex,  nearly  circular  eye ;  while  0,  tri" 
arthrus  has  the  long  cheek-spines  of  Euryeare^  Ang.  I  am  not, 
howeyer,  prepared  to  suggest  a  new  generic  name  for  Trilobites 
which  are  essentially  Oleni, 

COKOPHBTS,  Call. 

Conophrys^  Call.  Quart.  Joum.  Geol.  Soc.  vol.  xxx.  p.  196. 

Tery  small,  not  more  than  |  inch  long,  oval,  convex. 

Head  subquadrate,  front  rounded ;  glabella  three  fourths  the  length 
of  the  head,  behind  as  wide  as  the  side  cheeks,  its  sides  parallel  for 
two  thirds  of  its  length,  with  two  very  small  lobes  on  each  side 
deeply  separated  from  the  checks,  abruptly  expanding  in  front  into 
two  side  nodules,  its  anterior  margin  hardly  distinguished  from  the 
front  portion  of  the  head ;  neck  and  side  cheeks  with  deep  marginal 
furrow  behind;  no  trace  of  eyes  or  facial  suture. 

Thorax  a  little  longer  than  the  head,  of  six  rings ;  axis  a  little 
wider  than  the  pleurse  in  front,  rather  less  than  the  pleurae  behind, 
rings  nodular  at  the  sides ;  pleursB  bent  down  sharply  at  half  their 
length,  for  three  fourths  of  their  anterior  breadth  raised  above  the 
hinder  margin,  and  separated  from  it  by  a  narrow  sulcus. 

Tail  about  half  the  length  of  the  thorax,  semicircular  behind  and 
slightly  indented,  with  a  narrow  raised  margin ;  axis  nearly  reaching 
the  margin,  of  four  rings ;  sides  consisting  of  three  rings  raised  in 
front ;  margin,  axial  rings,  and  side  rings  ail  covered  with  small 
tubercles. 

This  curious  little  genus  is  easily  distinguished  by  its  peculiar 
glabella.  Its  small  size  at  first  suggested  that  it  was  embryonic;  but 
upwards  of  20  specimens  in  my  collection,  with  others  that  I  have 
seen,  show  no  signs  of  transition  into  any  thing  different,  the  cha- 
racters being  remarkably  permanent.  I  am  unable  with  certainty 
to  refer  it  to  any  known  family. 

CoNOPHBTS  SA.LOPIBNSIS,  Call,    (Plate  XXIV,  fig.  7.) 

Same  reference  as  genus. 

From  the  Shineton  Shales  at  Shineton,  arenaceous  beds  west  of 
Harley,  Dictyonema-shales  at  Malvern  (Dr.  Grindrod's  Museum). 

LlCHAPTGB,  Call. 

Lichupyge,  Call.  Quart.  Journ.  Geol.  Soc.  vol.  xxx.  p.  196. 

Pygidium  minute,  semicircular  in  front,  a  little  longer  than 
broad ;  axis  of  three  or  more  rings,  convex,  sharply  defined,  rather 
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rapidly  tapering  bebind,  at  half  the  length  of  the  tail  coutrac^ 
to  a  tip,  and  continuing  as  a  narrow  rib  to  tiie  extranitr: 
side  ribs  not  sharply  separated;  front  side  ribs  curved  b^kwirds 
and  ending  in  free  points  which  are  parallel  to  the  am 
grooved  down  the  centre  almost  to  the  ends ;  second  ribs  amilir. 
but  bent  more  abruptly  backwards ;  third  ribs  united  on  the  nb- 
like  prolongation  of  the  axis  into  a  broad  ensiform  Hmb,  the  aBt&- 
rior  half  of  which  is  embraced  by  the  other  ribs,  and  is  marked  Ij 
similar  grooves  parallel  to  its  sides,  while  the  hinder  half  projeeto 
in  a  broad  point,  the  sides  of  which  form  an  angle  of  about  6(P. 

Length  ^  inch. 

This  tail  bears  some  resemblance  to  ParadoxicUs^  bat  is  more  Hke 
Lichas^  yet  can  hardly  be  classed  with  either.  The  specimeQ  k 
unique ;  but  I  have  thought  it  of  sufficient  interest  for  descriptioQ. 

LicHAPTGE  cirsPiDATA,  Call.    (Plate  XXTV.  %.  8.) 

Same  reference. 

From  the  Shineton  Shales  at  Shineton. 

PRI3CITIA,  B.  Jones  ^  H6U» 

I  have  collected  more  than  one  species  of  this  genus  at  Shi2iei4sn ; 
but  Prof.  Rupert  Jones,  who  has  been  kind  enough  to  examine  than 
for  me,  is  unable  to  identify  them  with  any  known  species,  and  the 
material  at  my  command  is  not  sufficient  for  satisfactory  descnptioB. 
Messrs.  Rupert  Jones  and  HoU  figure  two  Primiticefioin.  Shinet<miii 
Ann.  Nat.  Hist.  ser.  4,  vol.  iii.  p.  221,  stating  that  their  spedmens, 
which  they  observed  in  the  "Woodwardian  Museum,  did  "  not  exhibit 
sufficiently  definite  characteristics  for  exact  determination.'' 

Theca,  Sow, 

Theca  lineata,  Call.     (Plate  XXIV.  fig.  9.) 

Same  reference. 

Biconvex,  length  four  times  the  breadth,  aperture  straight,  longi- 
tudinally striated,  about  25  strise  in  its  greatest  width* 
Length  about  |  inch. 
Shineton  Shales  at  Shineton.    Not  rare. 

Bellebopho27,  MontforU 

Bellebofhon  shinetonensis,  n.  sp.    (Plate  XXIV.  fig.  10.) 

Rapidly  expanding,  aperture  large,  striated  transversely,  about  b 
striee  to  tiie  line. 

Greatest  diameter  7  lines. 
Shineton  Shales  at  Shineton.    Rare. 

Ldtqulella,  Salter, 

LiKGULELLA  NicnoLsoNi.  Call.    (Plate  XXIV.  figs.  11, 11  a,  116.) 
Same  reference. 
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Orate^  depressed,  widest  about  the  middle,  two  thirds  as  broad  as 
long,  front  and  sides  rounded,  beak  moderately  acuminate,  area  of 
ventral  valve  striated,  the  striae  parallel  to  the  external  slope  of  the 
valve,  pedicel-groove  divided  by  a  narrow  ridge  down  the  middle, 
visceral  surface  pitted,  exterior  surface  marked  by  fine  concentric 
lines  of  growth. 

Liength  5  lines,  width  3|. 

This  is  a  larger  shell  than  L,  ferruginea^  Salt. ;  and  its  sides  are 
not  so  parallel.  It  closely  resomblea  L,  hjjis ;  but  L,  hj[>is  is  wider 
towards  the  front,  according  to  Mr,  Davidson's  figures. 

The  Shineton  Shales  at  Shineton,  Mary  Dingle,  Dryton,  Cressage, 
IBull-HiU  Cottage,  west  of  Harley,  under  Cound-Moor  quarry,  and 
f  edwardine.    Common. 

Obolella,  Billings* 
Obolella  sabrinje,  CaU,    (Plate  XXIV.  fig.  12.) 

Same  reference. 

Small,  not  exceeding  two  lines  in  length,  transversely  oval,  stri- 
ated concentrically,  posterior  margin  straight ;  dorsal  valve  nearly 
Jiat,  with  a  narrow  area ;  ventral  valve  high,  conical,  pointed,  the 
l)cak  overhanging  the  hinder  margin,  with  a  distinct  false  area. 

In  the  interior,  the  dorsal  valve  is  fumbhed  with  a  pair  of  large 
oval  muscular  scars  near  the  posterior  margin,  a  pair  of  smaller  near 
the  middle,  and  a  largo  elevated  mesial  ridge  extending  nearly  three 
fourths  the  length  of  the  valve. 

This  species  bears  a  close  lesemblance  to  0,  saf/tttalis^  Salt.,  of 
the  Menevian  rocks,  but  is  broader,  and  has  the  ventral  valve  more 
conical,  the  median  ridge  is  larger  and  longer,  and  the  valves  are 
furnished  with  areas. 

I  originally  described  this  form,  from  incomplete  materials,  under 
the  name  of  Metoptoma  sahrinaf,  the  conical  ventral  valve  closely 
resembling  a  pateUoid  Gasteropod. 

The  Shineton  Shales  at  Shineton,  Mary  Dingle,  Dryton,  Cressage, 
one  mile  west  of  Cressage,  west  of  Harley,  under  Cound-Moor 
quarry.    Common* 

Macroctstella,  n.  gen. 

Calyx  subcyHndrical,  nearly  twice  as  long  as  its  greatest  breadth, 
widest  in  the  middle ;  composed  of  about  four  rows  of  hexagonal 
platee,  two  plates  occupying  the  width,  those  at  the  ends  smaller 
than  the  central  ones,  each  compartment  of  the  hexagon  being 
separated  from  the  others  by  a  strong  ridge,  and  containing  smaller 
radiating  ridges. 

The  calyx  is  surmounted  by  a  ring  of  small  jointed  pinnulaB  about 
one  fourth  the  length  of  the  calyx. 

Stem  very  long,  nearly  as  wide  as  the  base  of  the  calyx  at  the 
top,  taperiug  rapidly  at  first,  continued  in  a  long,  slender,  slightly 
tapering  column  which  consists  of  longer  rings  than  the  wider  end. 

The  shales  have  not  preserved  this  peculiar  form  in  sufficient  per- 
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fection  for  satisfactory  determination.  It  is  very  erinoid-like  in  iti 
long,  slender  stem,  and  its  circle  of  arms,  whidi,  however,  ^p^v 
to  be  only  simple  pinnulsB. 

Macboctbtella  MAKiiB,  n,  sp.    (Plate  XXIY.  fig.  13.) 

Some  of  the  best  specimens  were  collected  by  Mr.  Bird. 
The  Shineton  Shales  at  Shineton,  and  under  Cound-Moor  qnurr. 
Not  rare. 

Dendrookaptfs,  EalL 

DEimBOQRAPTUS,  Sp. 

I  am  not  prepared  to  assign  the  Shineton  specimens  to  an  j  known 
species,  or  to  give  them  a  new  name ;  and  several  graptolithologistf 
to  whom  I  have  submitted  them  differ  from  each  other  in  their  de- 
terminations. All  are  fonnd  in  Mary  Dingle,  associated  with  06»- 
leUa,  Lingulella^  and  Platypeltis^  on  a  lower  horizon  than  the  bolk  of 
the  Shineton  fanna. 

DiCTTONEMA,  Hall, 

DiCTToiTKMA  socLALB,  Salter. 

Good  specimens  of  this  common  North-Wales  species  are  foond 
in  abundance  in  the  Shineton  Shales  at  Pedwardine  and  soixth  of 
Malvern. 

KXJTOBGINA,  BUlirufs. 
KUTOBOINA  CINGXTLATA,  Bill. 

Kutorgina  dngulata,  Bill.  Geol.  Surv.  Canada,  PaL  Foes.  voL  i. 
pp.  8-10. 

This  form  is  found  in  the  Potsdam  Sandstone  of  North  America, 
the  probable  equivalent  of  our  Lingula-flags,  or  of  a  still  lower 
group.  The  OholeUa  PTtillipsii,  Hall,  of  the  HoUybush  Sandstone  of 
Malvern,  is  identified  by  Mr.  Davidson  with  Billings's  species.  I 
have  collected  it  in  abundance  in  the  HoUybush  Sandstone  at  Neves 
Castle,  at  the  south-west  end  of  the  Wrekin,  and  have  also  detected 
it  near  Lawrence  Hill.  The  specimens  collected  will  throw  some 
light  upon  the  characters  of  this  comparatively  unknown  genus; 
but  I  defer  further  discussion  until  I  have  obtconed  more  satis&c- 
tory  material. 

SUMMAEY  OF  THE  FAUNA 

Crustacea. 

Asaphus  (Asaphellus^  Homfrayi,  Salt,    Shineton  Shales. 
Asaphus  (Platypeltis)  Croftii,  Cali.,  gen.  et  sp.    Shineton  Shales. 
Agnostos  dux,  n.  an.    Shineton  Shales. 
Conocoryphe  monile,  Salt.    Shineton  Shales. 
Olenus  Salteri,  Call.    Shineton  Shales. 

triarthrus,  n.  sp.    Shineton  Shales. 

ConophryA  salopiensis,  Call.y  gen.  et  sp.    Shineton  Shales. 
Liohapyge  cuspidata,  Call.,  gen.  et  sp.    Shineton  Shales. 
Primitia,  sp.  (more  than  one).    Shineton  Shales. 
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Pteropoda. 
Theca  lineata,  Call.    Shineton  Shales. 

Hetbbopoda. 
Bellerophon  shinetonensia,  n.  sp.    Shineton  Shales. 

Brachiopoda. 

lingulella  Nicholsoni,  Call,    Shineton  Shales. 
Obolella  sabrime,  CaU.    Shineton  Shales. 
Kutorgina  dngulata,  BilL    Hollybuah  Sandstone. 

ECHUrODIRlCATA. 

Hacrooystella  Mariie,  n.  gen.  et  sp.    Shineton  Shales. 

Htdsozoa, 

Pictyonema  sodale,  Sail.    Shineton  Shales. 
Pendrograptus.    Shineton  Shales. 

EXPLANATION  OF  PLATE  XXIV. 

Tig.  1.  Labrum  of  A&aphtts  (Asavhellus)  Htmfroyiy  Salter,  App.  Bamsaj,  GeoL 
N.  Wales,  Mem.  (leol.  Supv.  vol.  iii.  p.  311,  pL  viii.  flgs.  11-14, 1866: 
enlarged. 

2.  Asaphtts  {Platypeltis)   Croftii,   Call.:    enlarged.    A  youne  specimen, 

showing  seven  thoracic  segments  only.    Some  specimens  nave  as  few 
as  two  segments.    2  a.  Labrum  of  ditto,  enlargea. 

3.  AgnosttiA  dux^  n.  sp. :  enlarged. 

4.  Conocoryphe  fnonite^  Salter,  Oat.  Cambr.  Foss.  p.  32 :  enlarged.    4  a  and 

46.  Young  forms  of  ditto,  enlarged. 

5.  Olenua  Salteri,  Call. :  enlarged. 

6.  O,  triarihruSf  n.  sp. :  enlarged.    Drawn  from  a  crushed  specimen.    The 

head-spines  should  be  more  forward,  as  in  O.  Salteri, 

7.  Conophrys  salopiensis,  OalL :  enlarged.    There  should  be  only  six  tho- 

racic segments. 

8.  Lichapyge  cuapidata^  CalL    Pygidiom  only :  enlarged. 

9.  Theca  lineata.  Call. :  enlarged.    There  should  be  no  transverse  strise. 

10.  Bellcropkon  shineUmetms,  n.  sp. :  enlarged. 

11.  Linffulella  NichohofU,  CaU,     11  a.  Interior  of  ventral  valve,     lib.  En- 

lairgement  of  part  of  11  a,  showing  the  striated  area  and  mesial  ridge 
of  me  pedicel-groove. 

12.  Obolella  sabrina,  Call.    Interior  of  dorsal  valve :  enlarged. 

13.  MacrocysteUa  Maria,  n.  gen.  and  sp. 

DiscxrssTON. 

Mr.  ExHEBiDeE  thought  the  paper  a  very  clear  exposition  of  per- 
fectly new  ground.  The  correlation  of  the  Shineton  Shales  with  the 
Dictyonema^haXea  of  the  Malvern  hills  was  important.  These 
labours  of  Mr.  Callaway  in  a  new  locality  were  valuable  on  account 
of  his  palseontological  knowledge.  The  fossils  exhibited  by  him 
seemed  to  be  distinct  species. 

Mr.  Hicks  stated  that  two  years  ago  he  went  over  part  of  the 
Shineton  area ;  and  he  congratulated  Mr.  Callaway  on  tiie  comple- 
tion of  his  work  over  difficult  ground.  The  fossils  generally  may 
be  regarded  as  belonging  to  a  Tremadoc  fauna  ;  but  some  seem  to 
belong  a  little  higher  in  the  series,  perhaps  to  the  Arenig. 

Prof.  Hughes  was  glad  to  see  the  direction  in  which  the  author's 
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inquiries  were  leading  him,  as  they  seemed  to  point  to  the  &ct  fbik 
when  there  were  no  marked  changes  in  lithological  character  ia  tk 
Cambrian  rocks  there  was  a  recnrrence  or  mls.tare  of  the  fonu  ot 
life  which  elsewhere  characterized  better-defined  horizons.  He 
asked  the  author  whether  the  lower  portion  of  his  upper  groop  rf 
grits  and  shales,  with  Or  this  testudinaria  &c.,  might  not  reprceait 
not  only  Caradoc,  but  part  of  the  Llandeilo,  and  whether  in  Hb^ 
upper  part  of  the  lower  group  the  Arenig  beds  also  might  not  fisd 
an  equivalent,  as  he  thought  it  improbable  that  in  that  area  tbe 
Caradoc  would  be  found  overlapping  Llandeilo  and  Arenig  and  red- 
ing on  Tremadoc. 

The  Author,  in  reply  to  Prof.  Hughes,  said  that  the  shales  w«e 
one  homogeneous  formation,  marked  throughout  by  the  same  fbsnk, 
the  younger  types  occurring  in  the  same  beds  with  the  (dder  f  anas, 
and  mixed  indiscriminately  with  them.  In  the  lower  part  of  tbe 
upper  series,  also,  there  were  no  signs  of  transition  into  an  okia 
fauna,  the  species  being  common  Cuadoc  forms.  In  reply  to  3lr. 
Hicks,  he  pointed  out  that  the  Oltni  which,  as  Hr.  Hicks  stated 
occurred  in  the  Arenig,  were  of  quite  a  different  type  from  to 
Shineton  Oleni^  which  were  antique  forms,  similar  to  tiioee  in  the 
Dolgelly  beds. 
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35.  GukciAi.  Drift  in  (he  North-easter^  Carpathiaks.  By  R.  L. 
Jack,  Esq.,  P.G.S.,  and  John  HoRms,  Esq.,  F.G.S.,  of  the  Geo- 
logical Surrey  of  Scotland.    (Read  June  20, 1877.) 

A,  General  Introduction, 

Wsiis  most  of  the  European  ranges  have  heen  objected  to  detailed 
investigations  with  the  yiew  of  determining  the  existence   and 
sequence   of   glacial  deposits,  the   Carpathian  chain  has  hitherto 
escaped  any  minute  examination.    Enough  has  already  been  accom- 
plished through  the  labours  of  continental  observers  to  justify  an 
attempt  to  correlate  the  deposits  occurring  in  other  countries  with 
their  representatives  in  Britain.    From  the  data  already  obtained 
it  is  obvious  that,  even  in  widely  separated  areas,   the  physical 
changes  which  transpired  during  the  Glacial  epoch  must  have  borne 
a  strong  resemblance  to  each  other.     In  the  north  of  Europe  there 
is  the  clearest  evidence  for  the  former  extension  of  the  ice;  and 
even  south  of  the  limits  of  the  northern  drift  the  observations 
already  made  point  to  the  same  conclusion.     They  prove  that,  in 
regions  where  snow-fields  no  longer  exist,  glaciers  must  have  filled 
the  valleys,  leaving  behind  them  moraines  and  erratic  blocks  as 
memorials  of  their  presence ;  while  in  those  countries  where  glaciers 
still  hold  sway  the  hills  and  valleys  must  have  been  covered  with 
ice,  which  ground  and  polished  the  slopes  and  accumulated  under- 
neath a  mantle  of  stony  day.     But  on  adverting  to  the  evidence 
regarding  the  former  prevalence  of  arctic  and  boreal  conditions,  it 
would  appear  that  there  is  a  general  uniformity  in  the  succession 
of  deposits  belonging  to  different  countries.     Not  only  in  Britain, 
but  in   Scandinavia  and  Switzerland,  we  find  deposits   of  sand, 
gravel,  and  lignite  containing  Mammalian  remains  and  traces  of 
Man,  intercalated  in  the  moraine  profonde  of  the  old  ice-sheets. 
The  inference  seems  to  be  that  these  beds  indicate  mild  periods  in 
the  long  duration  of  cold,  when  the  ice  retired  or  altogether  dis- 
appeareid.     The  physical  cause  of  such  alternations  of  climate  may 
long  remain  a  matter  of  dispute  among  geologists;  but  that  the 
Glacial  epoch  was  not  characterized  by  an  unbroken  succession  of 
cold  conditions  must  now  be  considered  beyond  doubt. 

It  is  not,  therefore,  unreasonable  to  hope  that  when  the  great  chain 
of  the  Carpathians  has  been  examined  in  detail,  it  will  furnish  evi- 
dence in  support  of  the  conclusions  already  arrived  at  regarding 
the  oscillations  of  temperature  in  the  Glacial  period.  It  must  be 
remembered  that  the  altitude  of  the  chain  differs  widely  from  that 
of  the  Alps ;  for  even  the  greatest  elevations  do  not  exceed  8000 
or  9000  feet.  But  when  we  consider  the  enormous  dimensions  of 
the  old  Alpine  glaciers  during  the  reign  of  extreme  cold — that  the 
glacier  of  the  Rhone  abutted  against  the  range  of  the  Jura,  and 
stranded  its  boulders  as  far  up  Uie  slopes  as  3000  feet,  and  that 
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towards  the  south-east  it  debouched  on  the  plains  of  France,  whiW 
towards  the  north  it  probably  swelled  the  glacier  of  the  Bhiae; 
when  we  take  into  account  that  in  the  eastern  Alps,  glacial  dcpoaiii 
have  been  met  with  in  the  valleys  of  the  Traun  and  the  Inn  net 
far  from  their  junction  with  the  Danube,  surely  the  infercmee  k 
natural  that  the  valleys  of   the  Carpathians  must  likewise  hare 
possessed  considerable  glaciers,  when  a  portion  of  the  chain  lies  in 
the  same  latitude  •.     The  Carpathians  may  be  said  to  form  a  gre^^ 
crescent-shaped  range,  the  north-western  extremity  of  -which  t«- 
minates  at  f  resburg,  near  Vienna.    Prom  this  point  it  sweepa  east- 
wards, forming  the  northern  rampart  of  Hungary ;  and  after  cir- 
cling round  the  sources  of  the  Theiss,  it  bounds  TransylTania  oa 
the  east  and  the  south,  joining  the  Danube  again  at  OrsoTa.     1^ 
whole  range  lies  mostly  between  the  45th  and  49th  parallels  <d 
latitude. 

B.  Previous  References  to  (he  Occurrence  of  Glacial  Drift  in  ths 
Nor0iern  Portion  of  the  Range, 

As  yet  the  officers  of  the  Austrian  Geological  Survey  under  Too 
Haucr  have  only  noted   the  existence  of  glacial  deposits  in  the 
northern  portion  of  the  range,  to  which  the  following  bnef  allu- 
sions are  made  in  the  explanations  accompanying  the  geologieal 
maps  : — (a)  *  Geologiscbe   Uebersichtskarte  der   osterreichisch-un- 
garischen  Monarchie,*  Blatt  iii.  p.  532,  1869.     "  Glacier  drift  ia 
the  form  of  large  moraines  along  with  boulders  are  specially  notiefr- 
able  on  the  north  and  south  sides  of  the  High  Tatra."     (6)  *  Geolo- 
gischo  Uebersichtskarte  der   osterr.-ungar.   Monarchic,'  Blatt  iv. 
p.  394,  1872.     "  After  the  same  manner  as  in  the  eastern  part  of 
sheet  3,  the  diluvial  and  alluvial  deposits  are  developed.     In  the 
northern  part,  as  far  south  as  the  edge  of  the  high  pLateaOy  tiie 
sand  and  shingle  (Schotter)  of  the  erratic  diluvium  are  abundant; 
while  to  the  south  of  the  plateau,  as  far  as  the  edge  of  the  Carpa- 
thians, loess  is  abundant." 

In  Yon  Hauer*s  recent  work,  '  Die  Geologic  und  ihre  Anwendong 
auf  die  Kenntniss  dor  BodenbeschafifcDheit  der  osterr.-ungar.  Mo- 
narchic,' p.  122,  the  following  reference  is  made  to  the  drift:— 
"  In  the  Carpathians,  which  no  longer  possess  glaciers,  we  find  • 
traces  of  their  former  presence  in  the  shape  of  immense  moraines 
on  the  southern  slopes  of  the  Tatra." 

Another  and  more  detailed  reference  to  this  subject  is  to  be  found 
in  a  paper  by  J.  Niedzwiedzki,  *  Beitrage  zur  Geologic  dor  Karpathen ' 
(Jahrbuch  der  k.-k.  geologischen  IleicJisanstalt,  1876,  vol.  xxvi. 
p.  331).  This  author  says: — "At  higher  levels  than  the  modem  allu- 
vium of  the  river  Sau  occurs  a  deposit  of  chalky  loam  1 5  metres  thick, 
from  which  the  author  has  obtained  the  remains  of  EUphas  primi- 
genius^  and  which  he  therefore  considers  diluvial  loess.     In  placet 

•  Vide  the  last  edition  of  the  *  Great  Ice  Age,*  p.  419  et  seg.,  where  an 
admirable  ffummarj  is  giyen  of  the  eridence  bearing  on  the  former  extension  of 
the  SwisH  glaciers. 
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-w^here  the  streams  hare  cut  through  the  loess,  there  occur  in  its 
lowest  parts  small  rounded  fragments  of  Carpathian  Sandstone,  and, 
xnixed  up  with  these,  isolated  larger  and  smaller  erratic  blocks  of 
x^  granite  and  orthoclase  porph3rry — more  rarely  of  gneiss  and 
diorite*  The  whole  of  the  diluvial  deposits  rest  immediately  on  the 
Oarpathian  Sandstone.  But  there  occurs  at  Przemysl  yet  another 
-very  peculiar  accumulation  of  blocks,  which  is  very  different  from 
the  deposits  described  above  as  '  erratic'  The  hills  on  the  south  side 
of  the  Sau  valley,  whose  mean  height  is  about  370  metres,  are  partly 
covered,  over  the  lower  portion  of  their  northern  slope,  with  a  chalky 
loam,  in  which  numerous  rounded  blocks  of  a  light  compact  Jura 
limestone  lie  bedded.  Similar  blocks  occur  in  great  numbers  on  the 
plains  round  the  village  of  Kruhel-Wielki,  where  they  have  been 
quarried  in  pits  2-3  metres  deep." 

C.  Brief  Description  of  the  Rock-formation  round  the  Head-waters 
of  the  Theiss, 

It  was"  with  the  view  of  searching  after  traces  of  glacial  action, 
and  of  comparing  with  their  Scotch  representatives  any  deposits 
-which  might  cross  our  path,  that  we  traversed  in  the  autumn  of 
1874  one  or  two  of  the  more  important  valleys  in  the  eastern  part 
of  the  chain.  We  selected  the  valleys  of  the  Theiss  and  the  Pruth 
as  being  among  the  largest  lines  of  drainage  in  the  north-eastern 
region.  The  former  river  receives  many  important  tributaries  before 
it  issues  from  the  range  and  enters  the  great  plains  of  Hungary. 
"We  therefore  inferred  that,  if  a  glacier  once  filled  the  Theiss  v^ey, 
it  must  have  been  swelled  by  many  accessions  along  its  course,  and, 
oonsequently,  that  the  moraines  or  other  glacial  deposits  would 
naturally  accimiulate  in  considerable  force  near  the  edge  of  the 
plateau.  Our  hopes  were  in  some  measure  realized,  though  not  to 
the  extent  we  had  anticipated. 

Before  stating  the  results  obtained  by  us,  it  may  be  advisable  to 
sketch  in  a  sin^e  sentence  the  various  rock-formations  which  make 
up  the  structure  of  that  portion  of  the  Carpathians  surrounding  the 
head- waters  of  the  Theiss.  "While  passing  through  Vienna,  we  pro- 
vided ourselves  with  the  maps  published  by  the  Imperial  Geological 
Institute,  on  the  scale  of  about  9  English  miles  to  an  inch,  which 
were  of  the  greatest  service  to  us  along  our  route.  From  these 
it  may  be  seen  that  along  the  western  slopes  of  the  chain  between 
the  crest  and  the  right  bank  of  the  Yissd,  one  of  the  tributaries  of 
the  Theiss,  there  stretcher  a  mass  of  highly  crystalline  strata. 
These  mica-schists  &c.  (Glimmer-Schiofer,  Primarformation),  cross 
the  Theiss  between  Trebousa  and  Boc8k6  Baho  in  an  attenuated 
form,  and  eventually  die  out  a  few  miles  to  the  north-west.  Here 
and  there  occur  lenticular  patches  of  Dyas  (Permian)  and  Creta- 
ceous rocks ;  but  in  this  region  by  far  tie  greater  portion  of  the 
plateau  is  composed  of  a  group  of  strata  of  Eocene  age.  These 
sandstones,  days,  and  shales,  known  by  the  name  of  the  Elysch 
beds,  attain  a  wonderful  development,  not  only  round  the  head- 
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waters  of  the  Theiss,  but  aloDg  the  whole  course  of  the  CazpatUm 
to  Presburg.  Owing  to  their  comparatively  soft  ssid  yieidia; 
character,  in  the  eastern  districts  at  least,  the  beds  are  not  w«£. 
adapted  for  preserving  the  ordinary  effects  of  glacial  ac^on.  Not 
only  aro  the  beds  easily  disintegrated  by  atmospheric  agents,  hot 
the  stones  derived  from  them  would  not  reoldily  preserve  ioe- 
markings,  if  ever  they  were  impressed  with  them.  In  conseqneofie 
of  such  extensive  areas  being  covered  by  these  deposits,  %sne  looks 
in  vain  for  those  characteristic  mamiUated  surj^c^  which  an 
striking  features  in  well-glaciat-ed  countries.  But  in  additkHi  to 
these  rock-groups,  there  still  remains  to  be  noted  the  great  develop- 
ment of  trachyte  and  andesite  lavas  with  their  associated  ta^  c^ 
Tertiary  age,  which  fringe  the  inner  margin  of  the  chain,  and  whie^ 
are  traceable  at  intervals  westwards  to  tho  old  volcano  of  Sdaem- 
nitz.  These  are  well  seen  round  the  outskirts  of  the  head-wat^9  ^ 
the  Theiss,  the  terraced  appearance  of  the  volcanic  masses  being 
easily  descried  from  the  neighbourhood  of  Szigeth. 

The  town  of  Nagy  Szigeth  commands  the  entrance  to  the  head- 
waters of  the  Theiss.     Situated  at  the  confluence  of  the  Iza  witii 
the  main  river,  it  is  about  45  miles  distant  from  the  crest  of  the 
chain,  and  about  40  miles  from  the  point  where  the  Theiss  may  be 
said  to  enter  the  great  Hungarian  plains.     From  this  standpoint  an 
extensive  view  is  obtained  of  the  crescent-shaped  mass  of  mountains 
encircling  the  sources  of  the  river,  the  chief  elevations  being  the 
Czerna  Gora,  6581  feet,  and  the  Eusky  Berg,  6732  feet ;  while  the 
height  of  Nagy  Szigeth  itself,  by  aneroid  measurement,  is  about 
1800  feet.     As  seen  from  this  elevation,  the  range  seems  to  be 
traversed  by  a  series  of  long,  narrow,  pine-clad  valleys,  cutting  more 
or  less  obliquely  across  the  strike  of  the  strata.     Our  course  was  to 
follow  on  foot  the  windings  of  the  river  as  far  as  Korosmezo,  within 
a  few  miles  of  the  crest,  thence  crossing  the  col  ond  descending  the 
valley  of  the  Pruth  to  Kolomea,  a  distance  of  about  90  miles. 

D.  Descrijption  of  Drift-sections  in  the  Theiss  VaUey. 

Before  commencing  the  ascent,  we  retraced  our  steps  to  Xabala- 
patak,  a  village  about  three  miles  below  Szigeth,  for  the  purpose  of 
examining  some  sections  exposed  in  the  line  of  railway.  The 
cutting  referred  to  extends  from  the  village  to  the  bridge  across  the 
Iza,  and  runs  in  an  east-and-west  direction.  At  right  angles  thereto, 
a  fresh  cutting  has  been  made  close  by  the  stream  which  skirts  the 
village.  Both  sections  expose  a  trae  moraine  profonde.  The  rail- 
way-cutting is  about  20  ft.  deep,  and  passes  through  a  deposit  of 
stiff  gritty  day,  the  matrix  of  which  is  in  a  large  measure  composed 
of  sandstone  and  trappoan  detritus.  Near  the  base  of  the  section 
occurs  a  lenticular  patch  of  gravel  about  3  ft.  long  by  1  ft.  broad ; 
but,  with  this  exception,  the  deposit  had  no  trace  of  stratification. 
The  stones  are  scattered  irregularly  throughout  the  mass,  and  with- 
out any  regard  to  their  size.  They  consist  mostly  of  fine-grained 
porphyry,  which  weathers  with  a  rough  surface,  while  next  m  order 
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wme  I^ydian  stone,  quartzite,  and  some  mica-sohistB.     Some  speci- 
tnens  of  reddish  trap-tnff  were  also  observed.     Some  of  the  trap 
[>oiilder8  reach  a  considerable  size,  one  block  weighing  upwards  of 
half  a  ton  ;   this,  however,  is  exceptional.     Many  of  the   stones 
measure  from  one  to  two  feet  across.     None  of  these  are  angular ; 
ttiey  resemble  in  general  form  the  blunted  and  smoothed  stones 
of  Scotch  till.     It  must  be  observed  that  stones  on  which  stri©  can 
be  recognized  are  not  abundant ;  but  those  rocks  which  were  capable 
of  retaining:  the  ice-markinge,  still  show  them  more  or  less  perfectly, 
conspicuous  amongst  these  being  the  smaller  Lydian  stones  and 
quartzites.     There  can  be  little  doubt  that  this  deposit  is  identical 
with  the  ordinary  Boulder-day  of  well-glaciated  regions  ;  while  the 
lenticular  patch  of  gravel  is  but  the  counterpart  of  similar  thin 
layers  in  the  till  of  our  own  country.     This  deposit  appears  to  slope 
gently  up  towards  the  near  wooded  hiUs  of  the  Elysch-beds,  lying 
to  the  south.     When  traced  in  this  direction  it  is  found  to  be  over- 
lain by  stratified  blue  clay  containing  only  a  few  stones,  which  the 
Wallachs  manufacture  into  bricks  to  serve  as  building-material  for 
their  rude  huts.     The  following  section  (fig.  1)  shows  the  relation 
of  the  various  deposits. 

Fig.  1. — Section  in  a  line  north  and  south  through  Kahalapaiak. 


a.  Stiii;  stony  BouldeiH^lay.  o.  Soft  sanditoneB  and  ihales.  Flyioh- 

0.  Yrxub  blue  clay.  beds. 

d,  Bailway-cutting. 

The  feoUon  measures  about  half  a  mile. 

On  the  west  bank  of  the  above-mentioned  stream,  which  joins 
the  Theiss  at  Kabalapatak,  the  Flysch-beds  are  exposed.  They 
oonsbt  of  very  soft  thin-bedded  sandstones,  on  the  top  of  which  rest 
fine  blue  clays  and  shales.  The  same  beds  are  seen  in  the  Theiss 
^>6tween  Salzkammer  and  Fejeregyhaza,  dipping  to  the  north  of  east 
«*  an  angle  of  about  36°,  and  capped  by  about  6  feet  of  alluvial 
gravel.  Further  up  the  river,  near  Bocsk6  Lonka,  the  same  dip  is 
indicated  by  the  general  direction  of  the  escarpments  on  the  slopes 
of  the  near  hill-range. 

On  the  right  bank  of  the  river,  from  Szlatina  to  a  point  east  of 
^^l^kammer,  a  long  terrace-shaped  bank  is  traceable,  which  we 
jound  to  consist  of  alternating  beds  of  sand  and  coarse  gravel. 
These  are  quite  horizontal ;  and  no  indication  of  false-bedding  was 
^Me.  This  bank  is  from  20-30  feet  above  the  modem  alluvium, 
Mid  is  probably  an  old  river-terrace.     At  Karacsonfalu,  which  is 
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SmSkB  abofv  Sngedu  the  main  road  aseends  to  tiiekf«ii( 
tke  ^pper  terraee,  wbidi  sweqpa  south  to  Uie  base  (^  tlie  lulfa^  it 
tiiM  point  the  TaDer  is  only  about  a  mile  and  a  half  bvoad,  mi 
secBs  to  be  filled  cntirdj  with  aUurial  depositB.  Xlw  namr  fact  a 
obaerfaUe  at  Gumb  Bookd,  where  the  Taller  nanowa  to  not  sidk 
man  than  a  qpiaiter  of  a  mile.  Again,  near  Lonka,  sercral  excfflpat 
aeedoDs  id  tibeae  aHurial  grarda  are  met  with,  which  Hkewv 
akretch  from  the  «ie  hiU-akfie  to  the  other.  At  thia  point  there  or 
also  two  weD-maiked  teiiaeea;  the  grard  of  tike  upper  texnn 
being  upwards  of  20  feet  thidL  The  same  horiioiital  bedding  m 
diaeemible,  while  the  deposit,  as  a  whide,  is  pretty  eoarse,  mm? 
ef  the  stones  measuring  2  feet  acroos.  Here  the  Flyadi-beds  k^ 
seen  £pping  up  strpum  at  an  ang)e  of  20^,  and  withm  a  short  da- 
tanee  rersraed  at  a  hig^i  an^e,  as  dbown  in  the  f oUowine  atUisn 


Fig.  2. — S^tticm  near  Lonka, 


m.  Old  mltizTiaJ  tcfTM 
II  Baeent  aUaTioB. 


c,  SuidBtones  and  riialcaL       Fhw^ 
beds  thzovn  into  aejneiinAl  foU. 


Rather  more  than  a  mfle  beyond  Lonka,  the  rirer  flowa  betweoi 
ste^  pine^dad  hOls  with  no  aDurial  or  drift-deposits  on  either 
bank.  Near  thb,  howerer,  three  large  ^ratacs  of  quartz  rock  were 
obserred,  one  of  which  measured  upwards  of  90  cubic  feet,  snd 
another  (partiy  eoncealed)  upwards  of  10  feet  in  length.  Hi^ier 
up  the  TaDey,  in  a  roadside-cutting,  the  quartz  rock  is  seen  in  i^oe, 
and  is  lapi^y  succeeded  bj  a  fine-grained  blue  limestone,  the  htter 
prohahlr  belonging  to  the  patch  of  Dyas  or  Permian  rods  repre- 
sented in  Von  Hano- a  map.  On  the  nght  bank  of  the  Thdsa,  just 
about  a  mile  and  a  half  bc4ow  the  point  where  it  receives  the  waien 
of  the  Viasd,  another  drift-aection  is  exposed.  It  occurs  on  the  rosd- 
sidew  and  is  about  liM)  feet  above  the  level  of  the  river.  The 
deposit  cansists  of  stiff  dark-blue  day,  stuck  full  of  stones,  some  of 
which  range  up  to  S  oibic  feet^  The  blocks,  as  a  rule,  are  not 
rounded;  and»  though  a  careful  search  was  made,  no  instances  of 
atrije  were  obsoved.  The  absence  of  such  may  be  accounted  for  by 
Ufes  fact  that  the  stones  consist  mainly  of  soft  brownish-grey 
micaceous  sandstones,  which  would  not  readily  retain  glacid 
markings.  This  section  is  about  20a0  feet  above  the  sea-le^el,  by 
anaroid  mansurement. 

It  is  worthy  of  note,  as  ezempliiH'ing  the  rdation  between  the 
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underlying  rocks  and  external  form,  that  where  the  river  trayerses 
the  crystalline  strata  above  referred  to,  it  flows  along  the  bottom  of 
a  gorge  about  600  feet  in  depth ;  but  beyond  this  point,  towards 
the  Yisso,  the  soft  sandstones  and  shales  reappear  accompanied  by  a 
more  gentle  slope. 

The  Visso  is  one  of  the  largest  tributary  streams  in  the  upper 
reaches  of  the  Theiss ;  and  its  course  is  one  of  the  longest,  as  it  takes 
its  rise  about  50  miles  to  the  south-east  on  the  slopes  of  the 
Csarkano  Berg.  This  large  affluent  produces  a  marked  deflection  in 
the  trend  of  the  main  valley ;  for  at  Rohapojana,  where  the  two 
streams  unite,  the  Theiss  is  bent  round  at  right  angles  to  its  former 
course.  The  same  effect  is  noticeable  in  the  case  of  the  Iza  at 
Szigeth  ;  and  frequently  along  our  route  we  had  occasion  to  record 
this  feature.  These  lateral  valleys,  like  the  principal  one,  are  steep 
and  narrow  and  thickly  wooded  with  pine ;  and,  in  virtue  of  their 
own  striking  features,  as  well  as  from  the  influence  which  the 
tributaries  exercise  in  perpetually  changing  the  direction  of  the  main 
line  of  drainage,  they  enhance  considerably  the  effective  scenery  of 
the  Theiss  itself.  There  is  one  important  feature  connected  with 
these  lateral  streams  which  must  not  be  overlooked:  it  is  the 
assemblage  of  large  *<  cones  de  dejection  ^  immediately  below  their 
confluence  with  the  main  river.  These,  as  will  be  indicated  presently, 
were  puzzling  features  at  times,  on  account  of  their  marked  resem- 
blance in  external  appearance  to  moraine  mounds.  In  many  cases 
they  are  being  broken  up  and  subjected  to  reassortment,  thus 
ftimishing  material  for  the  alluvial  gravels  of  the  Theiss.  The 
existence  of  these  conical  heaps,  and  the  angular  nature  of  the  con- 
tents, throw  some  light  on  the  origin  of  those  stretches  of  coarse 
gravel  which  characterize  the  older  alluvial  terrafces. 

Opposite  the  bridge  which  crosses  the  Theiss,  towards  the  valley 
of  tbe  Yisso,  an  excellent  section  of  drift  is  exposed  on  the  road-side. 
It  consists  of  stiff  brown  clay,  packed  with  stones  ranging  from  the 
size  of  one's  fist  to  blocks  several  feet  in  diameter.  These  blocks 
have  the  regular  blunted  form  characteristic  of  ordinary  Boulder- 
clay.  No  scratches  were  detected  on  the  smaller  stones ;  but  in  the 
case  of  three  large  blocks  we  found  unmistakable  strise.  One  of 
these  blocks,  weighing  upwards  of  half  a  ton,  was  distinctly  grooved 
on  three  sides ;  and  on  one  side,  especially,  cross  striae  were  noticeable. 
These  stones  consist  for  the  most  part  of  a  dark-blue  calcareous 
rock,  probably  derived  from  the  patch  of  Dyas  occurring  higher  up 
the  valley. 

From  Trebousa,  which  is  about  16  miles  distant  from  Szigeth,  to 
Bocsk6  Raho,  about  9  miles  higher  up,  the  Theiss  flows  along  the 
bottom  of  a  deep  narrow  deflle,  closely  resembling  that  which  has 
been  already  noted  above  Lonka.  Along  a  great  part  of  the  way 
the  sides  are  almost  precipitous;  but  here  and  Uiere  the  vaUey 
widens  somewhat,  and  alluvial  patches  of  no  great  extent  intervene. 
These  alluvial  flats  are  hemmed  in  by  rocky  barriers,  though 
occasionally  on  the  slopes  a  sprinkling  of  angular  rubbish  is 
observable,  evidently  the  result  of  the  surface-wash  of  the  hills, 
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Wben  tAMitdang  in  the  midst  of  these  flats  we  seemed  to  he 
rarroQnded  hv  m  small  amphitheatre  ci  wooded  hills  with  no  apparent 
outlet,  so^i^cstin^  the  prohahility  of  these  hasin-shaped  hollowB 
being  silted-ap  rock-baaans.  This  steep  gorge  is  due  nuiinly  to  the 
hard  and  durable  material  exposed  to  the  agents  of  denudation ;  far 
between  Treboosa  and  Bocsko  Baho  the  rocks  which  cross  the  ralkj 
consist  of  mioa-fiehists  and  beds  characteristic  of  the  Dyas.  It  is 
not  nnlik^  that  these  narrow  cuts,  intersecting  the  h^hlj 
cr3rstalline  strata,  hare  been  exearated  in  great  part  since  Glacial 
times. 

Jost  bejond  Boosk6  Baho  the  soft  sandstones  and  shales  of  the 
Iljsch  beds  reappear,  attended  with  a  corresponding  change  of 
leatnre.  The  ralley  gradoally  opens  oat,  and  the  grassy  hills,  now 
almost  bare  of  trees,  d[ope  gently  away  from  the  river. 

At  Borknt,  which  is  abont  12  miles  from  the  crest  of  the  chain, 
on  the  left  bank  of  the  river,  one  of  the  best  drift-sections  occorring 
in  the  Theiss  is  to  be  seen.  This  section  is  abont  40  feet  high,  and 
is  being  gradnaUj  nndennined  by  the  river.  It  consists  of  a  soft 
sandy  Bonlder-day  crammed  with  stones  of  various  sizes,  which  are 
distinctly  smoothed  and  blunted.  The  included  blocks,  as  well  as 
the  matrix  oi  the  deposit,  are  composed  of  soft  micaceous  sandstone, 
which  disintegrates  easily  when  exposed  to  weathering.  In  spite  oi 
this,  however,  we  found  well-scratched  stones,  some  of  which  were 
preserved.  Within  five  miles  of  Korosmeso,  below  the  point  where 
the  river  which  drains  the  Pietros  Berg  joins  the  Theiss,  another 
platform  of  drift  was  observed,  which  in  all  likelihood  is  a  fragment 
of  the  same  deposit.  Alluvial  terraces  were  noticed  at  intervals  as 
we  wended  our  way  to  Eorosmezo  ;  but  beyond  this,  to  the  summit 
of  the  range,  no  further  traces  of  glacial  deposits  were  visible. 

Along  the  course  of  the  Pruth  to  Kolomea  we  found  no  glacial 
deposits.  Various  sections  were  exposed  at  different  places  along 
our  route,  which  consisted  of  loose  rubbishy  matter  with  angrtdar 
stones,  evidently  the  result  of  the  deoomposi^on  of  the  rock.  From 
Kolomea  we  travelled  by  rail  to  Adjud,  and  ascended  the  valley  of 
the  Trotus  as  far  as  Okna.  The  Trotus  valley  lies  about  160  mOes 
to  the  south-east  of  the  col  between  the  Pruth  and  the  Theiss.  We 
then  crossed  the  low  range  of  hills  lying  between  Okna  and  the 
Oiios  Pass,  and  followed  the  windings  of  this  pass  to  near  the  crest 
of  the  range.  The  main  valley  (Trotus),  as  well  as  its  tributaries, 
is  mostly  narrow  and  bounded  by  low  hills  not  much  wooded  ;  but 
neither  in  the  main  valley  nor  in  the  Oitos  Pass  did  we  meet  wi^ 
glacial  deposits.  In  the  Oitos  Pass,  above  Grosesti,  at  the  mouths 
of  the  lateral  valleys,  we  observed  numerous  conical-shaped  moun^ 
which  looked  at  first  sight  like  ordinary  moraines.  They  aro  made 
up  of  a  curious  assemblage  of  large  and  small  angular  blocks  of 
sandstone  lying  irregularly  in  a  loose  rubbishy  matrix.  After  a 
careful  examination  of  the  various  sections,  we  came  to  the  conclu- 
sion that  they  were  "  o^nes  de  dejection  "  of  lateral  streams. 
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E.  Conclusion. 

From  the  evidence  now  given  it  is  apparent  that  glacial  deposits 
x&ot  ahondantlj  developed  in  the  valleys  of  the  North-eastern 
O&rp&thians.  The  drift  in  the  upper  reaches  of  the  Theiss  is  of  the 
most  fragmentary  character,  being  confined  mainly  to  the  broader 
pox-tJons  of  the  vaUey,  This  is,  perhaps,  what  might  be  expected 
^v^lien.  we  consider  the  general  features  of  the  valley-system  along 
^wdtlx  the  nature  of  the  materials  which  form  the  masonry  of  the 
ra.ii^e.  There  is,  however,  sufficient  evidence  for  maintaining  that 
tlio  Xheiss  valley  was  filled  with  a  glacier  upwards  of  45  miles  in 
lengtli.  We  were  not  able  to  determine  whether  this  glacier  ever 
debouched  on  the  plains  of  Hungary,  or  whether  it  ever  reached  the 
edg^  of  the  Carpathian  chain ;  but  it  is  not  improbable  that  further 
esuuxiination  will  prove  that  such  was  the  case. 
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36.  On  the  Rakk  and  Atfjsixisb  in  the  RBPmiAjr   Ci.Afli  •f  Ar 
MosABAUBiDA,  Oervais.     By  Prof.  Owef,  C3^  F.TiA,  F.G-S-i 

&c.    (Read  June  6,  1877.) 

§  1.  InirodueHon. — ^The  fbrbinate  acquisition  by  the  Britii 
MoBeam  of  the  "  Van-Breda  Collection/*  which  includes  the  be* 
specimens  that  have  been  found  since  the  times  of  Camper  a^ 
OaTier  of  the  large  saurian  and  chelonian  fossils  from  Maestrteiit— 
the  Mosasanrian  fossils  brought  to  Europe  from  America  by  Primt 
Maximilian  of  Neu-Wied,  and  by  Prof.  H.  Bogers,  of  Penssd^ 
▼ania — supplemented  by  the  richer  collections  of  mmflay  ioeamm 
from  the  western  Cretaceous  beds  of  the  United  States,  doe  t<»  t^ 
important  and  praiseworthy  labours  of  Professors  Leidy,  Mai^ 
and  Cope, — ^have  accumulated  a  mass  of  materials  by  the  stadr  id 
which  the  rank  and  affinities  in  the  Beptilian  class  €x£  Jff»- 
daurtu  and  it^  near  allies  can,  as  I  believe,  be  definitely  determined. 

When  Cuvier  •  initiated  the  present  inquiry  his  subjcK^  had  }jeee 
referred  to  the  Cetacea  by  Camper  f,  and  to  the  Croeodtlia  by 
Faujas  t ;  and  Cuvier's  comparisons,  leading  to  the  conclnsions  as  to 
the  doser  affinities  of  the  fossils  to  the  LacertiUa^  are  preceded  by 
the  classical  *  Ost^logie  des  Lizards/  from  which  he  derires  mo* 
of  his  illustrations  of  the  genus  which  Conybeare  had  called  Mosff- 
saurtM. 

To  the  Ophidian  order  Cuvier  makes  but  one  reference,  which  i« 
decisive  as  between  Serpents  and  Lizards  § ;  and  he  seems  to  have 
fiBlt  as  little  called  upon  to  discuss  the  osteology  and  dentitioB  of 
Fishes  for  a  reftitation  of  an  early  reference  of  parts  of  the  M^f^ 
eaurus  to  that  class. 

The  question,  however,  of  the  relations  of  Mosasauriaus  to  Ophi- 
dians has  of  late  grown  to  dimensions  which  command  more  de- 
tailed comparisons  from  the  palaBontologist  who  may  be  moved  to 
discuss  it. 

In  the  '  Proceedings  of  the  Boston  Society  of  Natural  History ' 
for  1869  (p.  250),  Prof.  Cope  determined  the  Mosasauroid  character 
of  certain  Cretaceous  fossils ;  he  deduced  from  them  the  number  of 
the  cervical  vertebree,  the  structure  of  the  posterior  regions  of  the 
cranium,  of  the  lower  j  aw,  scapular  arch  and  fore  h'mb,  and  dis- 

*  Bedierchet  sar  lee  Oeeemene  Foesilee,  4to,  1824,  tome  t.  2de  pertie, 
p.  310. 

t  «  Philoeopbioal  Trantactioni,*  1786. 

t  Histoire  r^aturelle  de  la  Montagne  de  Saint  Pierre,  p.  40. 

I  Profeeior  Cope  meets  the  argument  by  denying  the  homology  on  which 
Curier  founded  it.  Cope's  '*  paUUme  baneSf**  are,  he  affirms,  *'  the  pterygoids  ci 
CuTier.  The  true  pterygoids  are  raUier  short  compressed  bones,  which  sre 
united  by  suture  to  the  borders  of  a  ooncayitr  of  the  palatine.  They  are  tooth> 
lees,  and  have  no  lutural  connexion  with  the  osea  quadrata.'* — Report  of  tht 
United-States  Ged^ical  Survey  of  the  Territories,  rol.  ii.  *  The  Yertebnts  of 
the  Cretaceous  Formations  of  the  West/  4to,  1875,  p.  118. 
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^p[ioeed  a  genus  distinct  from  Mosasaurtu,  for  which  he  proposed  the 

xiame  Plateearpus.    In  the  study  of  all  these  fossils  he  became  so 

i^mpressed  with  their  ophidian  characters,  that  he  concluded  to 

x^dse  the  feunily  Mosasauridsd  to  the  rank  of  an  order  in  the  dass 

^Reptilia,  for  which  he  proposed  the  name  Pifihmomorpha. 

The  Cretaceous  formations  in  the  west  of  the  United  States 

yielding  these  and  other  instructiye  additions  to  the  Mosasaurian 

$^roup  haye  been  classified  by  the  accomplished  geologists  Meek  and 

Sayden.     The  lowest  is  a  sandstone ;  the  second  conaLsts  of  chalk 

and  calcareous  marl;  the  third,  including  yellowish  and  whitish 

chalks,  is  noted  as  the  ''  Niobrara  Epoch  ^\  the  fourth  and  fifth 

aeriee  are  laminated  shaly  days  and  sandy  beds.     Prof.  Cope  adds 

a  sixth  series  of  "  Lignite  *'  or  "  Fort-Union  beds."    From  the 

Niobrara  group  haye  been  obtained  most  of  the  American  fossilB 

allied  to  Motasaurus,    Of  these  Prof.  Cope  has  entered,  in  his  richly 

Hloatrated  Report : — 


Of  the  genus  Leiodon^  4  spedes ; 
„         „      PlaUcarpuSj  10  spedes ; 
„         „      CUdasteSj  10  spedes; 
,,         „      Sironectes,  1  species ; 


and  he  remarks : — "  These  sea-serpents,  for  such  they  were,  embrace 
more  than  half  the  spedes  found  in  the  lime-stone-rocks  in  Kansas, 
and  abound  in  those  of  New  Jersey  and  Alabama  "  t. 

And  here  I  may  remark  that  some  fossils  of  the  kind  alluded  to, 
from  a  Neocomian  or  "  greensand  "  formation  in  New  Jersey,  were 
brought  over  by  Prof.  Henry  Bogers,  of  Pennsylyania,  and  sub- 
mitted to  my  examination  in  1848.  One  was  a  basioccipital  bone 
of  a  reptUe,  about  the  size  of  the  Moscuaunu  Boffmanni,  Cuv.  This 
fosslL  being  assodated  with  characteristic  teeth  of  the  genus,  together 
with  yertebrse  of  the  Mosasaurian  type,  and  what  at  the  time  was 
of  espedal  interest,  yiz.  phalanges  of  a  limb  of  a  natatory  cha- 
racter, I  referred  the  series  of  fossils  to  that  Cretaceous  genus  of 
BeptUia  ^,  and,  from  the  modification  of  the  teeth,  to  the  American 
spedes  which  had  been  noted  by  Goldfuss  as  the  Mosasaums  Maxi- 
miliani  §. 

Now  the  basioccipital  is  one  of  the  bones  in  RepUlia  which 
aid  in  determining  the  order,  and  perhaps  minor  group,  in  the  class, 
and  this  by  the  character  of  the  exogenous  process  or  processes 
serially  homologous  with  those  termed  <*  hypapophyses"  in  the  ver- 
tebral centrums  of  the  trunk. 

§  2.  Occipital  Characters, — la  CrocodUia  the  baoioccipital  hypapo- 
physis  is  single,  median,  long  and  large  ||,  and  extends  the  syndes- 
motic  connexion  of  this  cranial  centrum  with  the  next  centrum 

*  Report  Ac.  p.  16. 
t  IHd,  p,  45. 

t  Quart.  Joum.  GeoL  Soo.  vol.  y.  1849,  p.  380,  pi.  x. 
§  "  Der  Schadelbau  des  MtwuauruSy''  Ac.  in  Acta  Aoad.  Cw.  Leop.-Garol. 
Kat.Curioe,'  toL  xxi.  p.  179  (1842). 
I  Anat.  of  Yertebn^  toI.  i.  p.  135. 
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(basisphenoid)  in  front.     In  OpTndia  also  the  h jpapopbyn  ot  tb 
basiocoipital  is  single  and  median.     In  Python  tigris  it  is  ^  pn- 
duced  into  a  recurved  point  **  •.     In  Crotalus  horridtts  tbe  wa^ 
basioccipital  hypapophysis  forms  the  commencement  of  the  stmeg 
ridge  frx>m  the  underpart  of  the  basisphenoid.     In  all  Lmcert^ 
the  basioccipital  has  a  pair  of  hypapophyses.     In  the  Mototan 
{Varanvut)  they  are  short,   obtuse,  and  shghtly  direii^entt.    Ib 
Bhynchoeephalus  t  they  are  more  lateral  and  divergent,  sbi^tiiig 
against  the  ends  of  the  long  pterygoids.    In  Iguana  thej  man 
closely  agree  with  the  paiial  hypapophyses  in  Mosasaurtts  :   and  ^ 
basioccipital  of  Iguana  iuherculata  (Quart.  Jonm.  GeoL  Soe.  voL  t. 
pi.  X.  fig.  6),  with  the  homologous  bone  of  Alligator  lu^us  (ib.  ft. 
fig.  7),  were  selected  to  illustrate  the  character  of  the  baoioee^aial 
in  Mosasaunu  Maxindliani  (ib.  ib.  ^.  5).     In  the  great  exirtag 
Sea-Lizard  {AfMyrhynchus  eristatuSy  Bell),  the  skeleton  of  irhidi  I 
had  not  then  seen,  the  correspondence  of  the  basioccipital  with  that 
of  Mosasaurus  is  closer  than  in  any  other  Lacertian  §. 

As  the  idea  of  an  affinity  of  the  Mosasaurian  Beptiles  wiA 
Serpents,  whether  marine  or  terrestrial,  had  not  been  bioadied  ia 
1848,  nor  seemed  likely  to  occur  to  a  palseontologist  from  the  dMtM 
then  at  his  command,  no  figure  of  the  basioccipit^  of  a  I^fthon  was 
thought  requisite. 

The  elements  in  the  determination  of  the  place  of  the  Mosasaniuni 
in  the  Eeptilian  series,  additional  to  those  discussed  in  decail  by 
Cuvier  ||,  relate  chiefly  to  the  hind  and  fore  ends  of  the  aknll,  to  i^ 
upper  surface,  and  to  part  of  the  lower  surfeuw.  I  proceed  to 
notice  such  supplementary  evidences  as  have  come  under  obscrra- 
tion  since  the  date  of  the  paper  quoted  in  the  Sod^y'a  Quaztecfy 
Journal. 

The  basisphenoid  is  a  more  characteristic  bone  in  the  prea0# 
question  than  the  basioccipital.  In  Ophidia  its  under  surface  it 
traversed  by  a  single  median  hypapophysis  in  the  form  of  a  ahaip  and 
deep  ridge  %,  In  Lacertilia  the  corresponding  surface  of  the  basi- 
sphenoid is  devoid  of  such  ridge,  is  smooth,  and  slightly  concave. 
A  pair  of  hypapophyses  from  the  posterior  angles  abut  against  those 
of  the  basioccipital.  In  Mosasaurus  the  basisphenoid  is  concave, 
almost  canaliculate  along  the  middle  of  the  under  surface,  devoid  ci 
any  ophidian  median  ridge ;  the  pair  of  hypapophyses,  or  produced 
posterior  angles  abut  against  the  pair  from,  the  basioccipital,  but 
leave  the  broad  truncate  ends  of  these  free,  as  in  AnMyrhgnchm^ 
The  ^^  pterapophyses  "  in  Lacertilia  are  subcompressed  hU^rally, 

*  Descriptiye  Catalogue  of  the  Osteologioal  Series  in  the  Muteam  of  th» 
Boyal  College  of  Surgeons/  1853,  p.  128.  no.  628. 

t  Anat.  of  Vertebrates,  vol.  i.  p.  166. 

i  Ibid,  p.  164. 

§  Comp.  Steindaohner, '  Die  Schlangen  und  Eidechsen  der  Galapagos-Ioseb,' 
1876,  pp.  313-338,  pis.  xviii.,  xix. 

^Tom.  cit. 
Osteol.  Catal.  dt.  Python  tigris,  p.  129.   no.  628;    Crotalus  kmidm, 
p.  136.  no.  640 :  "  the  strong  ridge  dereloped  from  the  underpart  of  the  bia> 
sphenoid/'  is  specially  notioeo. 
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'broad  longitudinally,  and  come  off  from  the  antero-lateral  parts  of 
t^lie  basisphenoid,  leaving  a  wide  interrening  smooth  tract ;  the  sur- 
fiaca  abutting  upon  the  pterygoid  is  vertical. 

In  Pyihoii  the  pteiapophyses  are  much  shorter,  are  narrow  longi- 
tudinally, broad  transversely,  with  the  surfaces  on  which  the  ptery- 
goids gUde  horizontal ;  they  are  also  close  together,  divided  by  the 
-vertical  hypapophysial  crest.  Mosasaurus  agrees  with  the  Lacertilia^ 
and  differs  from  the  Ophidia  in  these  parts  also  of  the  basi- 
sphenoid. 

Cuvier,  in  his  otherwise  full  and  accurate  illustrations  of  the 
craniology  of  Reptilia,  gives  views  of  the  occipital  surface  of  the 
ekull  in  Crocodilia  •  and  Chdonia  t,  but  not  in  Laceriilia.  Ophidian 
remains  not  having  come  under  his  personal  cognizance  at  the  date 
of  the  preparation  of  the  great  work  on  Fossil  Bones,  he  does  not 
enter  into  decriptions  of  the  osteology  of  that  order  of  Reptiles. 
In  that  of  the  other  orders  he  defines  and  names  the  bones  which 
contribute  to  form  the  otocrane,  which  he  calls  *'*'  la  cage  du  laby- 
rinthe  "  i.  In  the  present  inquiry  I  continue  to  use  these  names  as 
most  clearly  defining  the  bones  I  have  to  refer  to. 

In  the  occipital  region  of  a  reptilian  skull  they  are  best  shown  in 
a  Chelonian.     In  &g.  1  the  basioccipital  is  marked  i,  the  exoccipital 


Fig.  1. 


Ghelonian. 
Occipital  region  of  skull. 

("  occipital  lateral,"  Cuv.)  2,  the  paroccipital  (**  occipital  ext^rieur," 
Cuv.)§  4,  the  superoccipital  ("  occipital  sup^rieur"  Cuv.)  8;  to  these 
add  the  parietals  7,  with  the  lateral  extensions  t',  the  squamosal  27, 
and  the  mastoid  8 :  the  proximal  part  of  the  '^  tympanic  "  is  indicated 
at  28. 

In  the  Lacertian  order  I  select  the  skull  of  the  sea-Lizard  of  the 
Galapagos  Islands  (Amhlyrhynchus  cristatns)  for  the  present  aim 
(fig.  2.)  The  chief  modifications  are  (the  suture  between  2  and  4 
being  obliterated) : — the  greater  extension  of  the  transverse  abut- 
ment, a-4,  against  the  joint  contributed  by  the  mastoid,  8,  and  squar 

*  Tom.  cit,  pi.  iii.  fig.  5.         f  Ibid,  pi.  ri.  fig.  4.        J  Tom,  eii.ip,  181. 
S  "Les  ocdpiUuiz  Ut6raux  sont  obaoun  divicM^s  en  deux  parties,  dont  je  me 
Tois  oblige  d'appeler  la  plus  exterae  occipital  extirieur,'*    (lb.  p.  180.) 
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ftHantal  joint    Above  this  the  exoocipital  sends  outward  a  strong 
process  (z'),  which,  by  its  short  extent,  answers  to  'the  exoccipital,  a, 
of  tlie  tortoise,  and  terminates  freely,  not  abutting  against  the  tym- 
panic or  other  bone,  and  suggesting  the  non-development  of  the 
paroccipital,  4.    A  second  smaller  process  (z*)  affords  attachment  to 
part  of  the  lower  border  of  the  mastoid  (a)  by  intervening  liga- 
mentous matter.       The  superoccipital,  3,  develops   the  diverging 
penthouse-like  ridges,  3',  the  lower  and  outer  end  of  which  gives  a 
similar  close  ligamentous  attachment  to  a  part  of  the  upper  margin 
of  the  mastoid  (s),  opposite  the  part  of  the  lower  margin  attached 
to  the  exoccipital.     Much  of  the  superoccipital  is  overlapped  by  the 
parietal ;  but  the  overlapping  stops  short  of  the  occipital  region,  and 
the  seeming  bifurcation  of  the  parietal  crest  is  due  to  the  super- 
occipital. 

The  most  marked  and  characteristic  modification  of  the  part  of 

the  skull  here  compared  is  the  limitation  of  the  proximal  joint  of 

the  tympanic,  28,  to  the  mastoid,  8,  exclusively.     Besides  this  are  to 

be  noted  the  great  length  of  8,  its  free  production  backward  for 

half    that  length  beyond  the  occipital  plane  of  the   skull,  and 

its  liberation   from   all   share  in  the  formation  of  the  otocrane. 

From    this    chamber   the    mastoid    is    excluded    by  the    suture 

between  the  alisphenoid  {"Rg,  4,  e)  and  the  parietal  7,  over  which 

suture  the  mastoid,  8,  extends  in  a  squamous  shape  and  manner, 

and  so  smoothly  as  to  suggest  a  certain  latitude  of  gliding  motion 

in  connexion  with  the  more  violent  and  extensive  movements  of  the 

columnar  tympanic  (figs.  13,  28),  which  is  suspended  verticaUy  from 

the  free  extremity  of  the  mastoid,  s'.   I  append  an  outline  (fig.  4)  of 

the  side  view  of  this  part  of  the  skull  in  a  Python,  in  which  the 

alisphenoid  is  6,  the  parietal  7,  the  superoccipital  3,  the  exoccipital  3, 

the  basioccipital  1,  its  hypapophysis  1',  and  the  stronger  continuation 

of  the  same  on  the  basisphenoid  is  6.    The  relative  position  and  ex- 

tent  of  the  mastoid  are  shown  in  dotted  outline. 

Mosasaurus  (fig.  5)  shows  the  lacertian  extension  and  connation 
of  the  ex-  (2)  and  par-  (4)  occipitals,  with  the  expansion  and  abut- 
ment of  the  latter,  4,  against  the  mastoid,  s,  and  squamosal,  27, — all 
three  bones,  and  especially  the  squamosal,  combining  to  form  the 
large  articular  cavity  for  the  firm  junction  of  the  tympanic. 

The  superoccipital,  3,  completes  the  great  foramen  above,  has  no 
penthouse  ridge  as  in  Python,  but  is  overtopped  by  the  parietal, 
which  forms  by  its  median  part,  7,  and  its  long  lateral  processes,  7', 
the  upper  part  of  the  occipital  surface.  The  whole  of  this  surface 
manifests  the  lacertian  and  departs  from  the  ophidian  modification 
of  the  reptilian  skulL 

The  parial  hypapophyses  of  the  basioccipital,  and  the  outward 
extensions  of  the  ex-  and  par-occipitals,  are  figured  in  pi.  xv.  of  Prof. 
CJope's  work,  in  the  Mosasauroids  which  he  denominates  PlaieearpuM 
eorypJuKus,  Plat,  ictericus,  and  Plat,  eurtirostris.  The  terminal  abut- 
ment of  2-4  against  the  mastoid  and  squamosal  is  likewise  indicated 
in  the  figures  of  cranial  fragments  in  plates  xv.,  xvi.,  xvii. ;  but 
these  figures,  like  those  of  the  skull  of  Mosasaurus  Hoffmanni,  cited 
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by  Cuyier  (p.  319),  are  "  sans  explication  OBteol<^qTie " — *iiit  ■, 
have  no  symbols  of  reference  to  the  constituent  bones. 

§  3.  Upper  Surface  of  the  Cranium, — An  ordinal  chancterirtB 
of  Beptilia  is  afforded  by  the  upper  surface  of  the  eranul  taA 
cranio-zygomatio  part  of  the  skull. 


Kg.  5- 


Kg.  6. 


Mosasaurus. 
Occipital  r^on  and  upper  surface  of  cranium. 

Cuvier  gives  a  view  of  this  surfsuw  in  two  genera  of  CroeodUta'^ ; 
but  of  the  LactrtHia  he  limits  his  figures  to  oblique  side  views ;  tad 
corresponding  views  of  the  Ophidia  are  omitted.  I  therefore  ^ 
pend  an  upper  view  of  the  crajiial  characters  in  question  in  a  Hoas- 
sauroid,  fig.  6,  a  Lacertian,  fig.  7,  and  an  Ophidian,  ^,  8,  in  iHv- 
tration  of  the  following  remarks  on  this  part  of  the  skulL 

It  is  hardly  necessary  to  do  more  than  allude  to  the  artieulstitiB 
of  the  postfrontal  with  the  mastoid  in  Crocodilian  and  the  stm^ 
arch  which  these  broad  horiirontally  flattened  bones  send  over  the 
temporal  fossa,  to  which,  in  some  species,  they  form  a  complete  root 
The  parietal,  also,  is  imperforate.  K  Cuvier  had  possessed  the  oo^ 
responding  parts  of  the  skull  of  a  Mosasaur,  he  would  donbUefl 
have  add^  convincing  grounds  against  Faujas's  view  of  the  croc^ 
dilian  affinities  of  that  genus,  and  in  support  of  his  own  lacertiis 
conclusion. 

In  the  type  LacertUia  (Monitor,  fyuana,  Awhlyrkynchui^  4c) 
the  temporsd  fossae,  t,  are  widely  open.  Each  is  bounded  meeiallj  bj 
the  parietal,  fig.  7,  7,  laterally  by  the  postfrontal,  12,  and  sqitf- 
mosal,  ST,  posteriorly  by  the  mastoid,  8.  The  parietal  bifurcattf 
posteriorly,  and  develops  a  ridge  from  the  hind  part  of  the  oblite- 
rated sagittal  suture,  which  ridge  bifurcates  anteriorly,  arching  for- 
wards and  outwards  to  the  postfrontal,  u ;  the  flat  fore  part  of  the 
parietal,  7*>  anterior  to  the  latter  bifurcation,  is  perforated  by  th9 
*'  foramen  parietale," — ^in  the  Monitors  and  some  other  Lacertiaoit 

t  Thm.  cU.  pL  iii.  figs.  1  and  6. 
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:Kiear  the  coronal  suture ;  but  in  Amblyrhynchus  and  other  Igua- 
xiians  this  foramen  is  in  that  suture. 


Fig.  7. 


Fig.  8. 


M<mUcT  nUoticus, 


Upper  surface  of  cranium. 


rpihan. 


In  the  Ptfihon,  fig,  8,  and  all  other  Ophtdia,  the  temporal  fossad, 
I,  have  no  outer  boundary,  there  being  no  zygomatic  arch :  the 
^^  diverging  appendages  "  of  the  maxillary,  viz.  the  malar  and  squa- 
mosal bones,  are  suppressed.  The  parietal  is  feebly  notched  behind, 
not  bifurcate.  The  mastoid,  6,  overlaps  the  alisphenoido-parietal 
suture  by  a  squamous  articulation,  projects  far  behind  the  occipital 
surface  of  the  skull,  and  there  supports  the  tympanic  column  by  an 
oblique  terminal  flat  articular  facet  (s',  and  flg.  4,  8').  The  parietal, 
7,  as  in  the  Crocodilia,  is  imperforate. 

In  Mosasaurus  Hoffmanni  (fig.  6)  there  is  a  large  foramen  parie- 
late  (7  •),  which,  as  in  the  Monitor^  is  wholly  in  the  parietal,  7.  The 
parietal  bifurcates  posteriorly ;  its  prongs,  7',  extend  backward  and 
outward,  and  articulate  with  the  mastoid,  a ;  and  this  bone  curves  out- 
ward and  downward  to  join  the  squamosal,  27,  and,  with  it,  to  form 
the  articular  surface  for  the  tympanic.  Anteriorly  the  squamosal 
unites  with  the  postfrontal,  12.  The  long  and  wide  temporal 
fossse  are  thus  bounded,  externally,  as  in  Lacertians,  by  a  long  and 
narrow  zygomatic  bridge,  in  the  composition  and  proportions  of 
which  the  Mosasaur  most  resembles  the  Monitors  and  Iguanas. 
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Prot  Cope  figures  the  perforate  parietal  and  portions  of  its  poe- 
tenor  bifdrcation  in  a  firagment  of  skoll  of  a  Mosasaar,  which  he 
refers  to  a  genus  Platecarpus  {op.  cit.  pi.  xvi.  fig.  4)  * :  he  also  fig;ares 
a  portion  of  skull  showing  the  post&ontal  and  part  of  the  backwardly 
extending  long  and  slender  squamosal,  in  the  Mosasaur  which 
he  refers  to  a  genus  ClidasUs  (op,  cit.  pi.  xvi.  fig.  1).  The  cranial 
characters  in  European  examples  of  Mosasaur  and  Leiodon^  thus 
corroborated  by  transatlantic  fossils,  are  decisive  evidences  for 
Lacertian,  and  against  Ophidian,  affinity. 

The  cranial  cavity  or  brain-chamber  is  unclosed  anteriorly  by 
bone  in  Lacertilia  ;  in  Ophidia  {Python)  the  bony  parietes  of  the 
brain-chamber  are  continued  anteriorly  to  the  outlets  of  the  olfac- 
tory nerves,  closing  the  chamber  elsewhere,  in  front.  Prof.  Cope 
gives,  as  the  12th  character  of  his  Pythonomorpha : — *^'  The  brain- 
chamber  is  not  ossified  in  front  "f.  But  this  is  a  Laoertian  character 
and  is  adverse  to  Pythonic  affinity. 

His  10th  character  is  : — "  There  Lb  no  quadrato-jugal  arch."  But 
in  no  Reptile  does  the  jugal  or  malar  bone  join  the  quadrate  or 
tympanic  bone. 

In  some  Lacertilia  {Monitor,  Varanus,  e.  g.)  the  malar  bone,  after 
forming  the  lower  part  of  the  orbital  frame,  stops  short ;  and  the  post- 
frontal,  13,  intervenes  between  it  and  the  squamosal,  27.  But  in 
the  majority  of  lizards  the  malar  does  complete  the  zygomatic 
arch  with  the  squamosal,  either  directly  or  by  interposition  of  part 
of  the  postfrontal.  The  position  of  the  zygomatic  (malo-squamo- 
sal)  arch  is  thus  at  a  higher  level  along  the  side  of  the  cranium 
than  in  the  Crocodilia,  Aves,  and  Mammalia  ;  and  the  Mosasaurus 
shows  the  elevated  position  of  the  arch  as  in  Lacertilia.  But  in 
the  Ophidia  the  zygomatic  arches,  by  whatever  name  they  may  be 
calLed,  are  altogether  wanting. 

Prof.  Cope  defines  a  "13th**  character  of  his  Pythonomorpha  as 
follows: — ^"The  squamosal  bone  is  present,  merely  forming  the 
posterior  part  of  the  zygomatic  arch  **  (»6.  p.  114).  I  am  not,  how- 
ever, cognizant  of  any  Vertebrate,  recent  or  fossil,  in  which  it  forms 
any  other  part  of  the  arch.  Meanwhile  the  fact  remains  that  the 
squamosal  is  wanting  in  all  Ophidia :  and  thus  the  Mosasaurian 
evidences  from  the  Cretaceous  series  of  the  Western  States  confirm 
the  strongly  distinctive  character  exemplified  in  our  European 
fossils.  The  homologous  bones  being  marked  by  the  same  numbers 
in  fig.  8  (from  a  skull  of  Python  8eb(B,  nat.  size),  the  comparisoQ 
with  figs.  6  and  7  needs  no  other  guidance. 

§  4.  Tympanic  hone — ^The  tympanic  bone,  in  the  Breda  Collection, 
of  Mosasaurus  Boffmanni — ^the  type  of  the  genus  and  family  of 
Mosasauroids — ^which  is  the  subject  of  the  following  description,  is 
of  the  left  side  (figs.  9-12).  Its  length  is  six  inches  8  lines,  its 
breadth  5  inches ;  the  longitudinal  extent  of  the  proximal,  or  mas- 

•  In  Plafecarpua  curfirostriSf  pi.  xvi.  fig.  4,  and,  again,  in  Plat,  icffrkus, 
pi.  xrii.  fig.  3. 
t  C^.  <?/.  p.  114. 
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toid  surface  is  4  inches  2  lines ;  that  of  the  distal,  or  mandibular, 
surface,  is  4  inches  3  lines. 

The  proximal  articular  surface,  fig.  11,  o,  is  in  great  part  rough 
for  close  ligamentous  or  fibro-cartilaginous  union  with  the  mastoid 
and  squamosal :  it  is  convex  antero-posteriorly,  curving  downward 
and  backward,  as  in  Amhlyrhynchus^  leaving  the  fore  part  of  the 
proximal  end  of  the  tjrmpanic  free  and  smooth.  Transversely  the 
rough  articular  surface,  a,  is  flat  or  feebly  concave.  Any  swinging 
movement  of  the  tympanic  seems  not  to  be  permitted  by  this  joint. 
The  fore  part  of  the  tympanic  is  a  broad  plate  of  bone  forming 
that  wall  of  the  large  tympanic  cavity,  fig.  9,  c :  the  margin  of 


Fig.  9. 


Pig.  10. 


Outer  surface,  Inner  surface. 

Tympanic  bone  of  Masasaurus  Hojfmannif  ^  natural  size.    9'  and  l(y,  the  same 
bone  of  Python  8^mb, 

the  plate,  6,  which  is  turned  outwaid  (laterad),  is  deeply  grooved, 
as  in  Amblyrhynchus,  for  the  attachment  of  the  drum-membrane. 
The  tympanic  cavity,  c,  is  vertically  oblong,  5  inches  in  that 
direction  across  the  outlet,  3  inches  transversely  across  the  upper 
end,  and  gradually  contracting  to  1||  inch  as  it  descends;  its 
depth  is  2  inches  at  the  deepest  part.  The  stapedial  orifice,  dy 
is  at  the  upper  and  back  part  of  the  cavity,  and  is  of  a  subelliptic 
form,  9  lines  in  long  diameter.  The  proximal  articular  end  ardies 
over  this  aperture  to  within  a  line  of  the  substapedial  tuberosity,  e. 
From  the  lower  end  of  the  grooved  part  of  the  frame  the  border 
curves  backward  and  upward,  with  a  sharpish  ungrooved  margin 
terminated  abruptly  by  a  notch,  /,  within  an  inch  of  the  end  of  the 
upper  arched  border  contributed  by  the  mastoid  articular  surface. 

The  hind  part  of  the  inner  wall  (fig.  10)  of  the  tympanic  cavity  is 
transversely  convex  where  it  is  continued  backward  into  the  stupe- 
dial  foramen  and  upon  the  substapedial  process. 
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This  convexity  indicates  the  colamnar  part  of  the  tympanic,  whidi 
undergoes,  as  it  were,  a  half  twist  to  form  the  distal  or  mandibular 
articulation,  the  long  diameter  of  which  is  transverse  to  the  skull's 
axis,  instead  of  being,  as  at  the  upper  end  of  the  bone,  sub- 
paraJlel  therewith.     The  long  diameter  of  the  distal  joint,  f^.  12, 


Fig.  11. 


Fig.  12. 


Proximal  end.  Distal  end. 

Tympanio  bone  of  Mosasaurus  Hojfmannit  X  ^. 

is  4  inches,  the  short  diameter  is  1  inch  9  lines  at  tho  middle 
part,  narrowing  to  each  end,  and  chiefly  to  the  inner  (mesial)  end. 
The  articular  surface,  fig.  12,  ^,  is  convex  both  lengthwise  and 
across,  and  smoother  than  the  upper  surface.  It  is  not  concavo- 
convex  for  a  ginglymoid  joint,  as  in  Python,  but  forms  the  baU 
of  a  simple  ball-and-socket  joint.  There  is  a  tuberosity,  fig.  10,  h, 
for  the  ligamentous  attachment  of  the  end  of  the  pterygoid  behind 
and  above  the  mandibular  articular  surface. 

The  fore  part  of  the  tympanic  is  chiefly  formed  by  die  tympanic 
plate,  which  there  shows  a  broad,  smooth,  slightly  sinuous  surface ; 
the  hind  part  is  chiefly  formed  by  the  deflected  portion  of  the  mastoid 
surface  above,  and  by  the  mandibular  surface  below.  The  inner  (me- 
sial) side  of  the  bone  is  the  narrowest,  and  shows  a  smooth  elliptie 
cavity,  fig.  10,  t,  with  a  sharp  border,  10  lines  by  7  lines  in  outlet 
diameters  and  5  lines  in  depth  :  the  long  axis  is  subvertical :  from 
the  lower  end  of  the  cavity  a  subobtuse  ridge,  k,  is  continued 
downward  for  lj|  inch,  ending  abruptly.  It  is  possible  that  thii 
cavity  may  have  received  the  end  of  a  long  outstanding  parooci- 
pital  process,  as  in  the  Laceriilia  ;  but  I  have  not  found  a  corre- 
sponding cavity  in  the  recent  skulls  of  the  order  which  I  have 
examined.  There  is  no  trace  of  such  in  Python,  nor  any  abutment 
of  paroccipitals,  or  produced  exoccipitals,  against  the  proximal  part 
of  the  tympanic,  as  in  Lacertilia. 

I  have  noted  a  difiPerence  in  the  size  and  shape  of  the  stapedial 
outlet  of  the  tympanic  cavity  in  tympanies  of  similar-sized  Mosa- 
saurs  from  the  Maestricht  Chalk,  but  not  in  a  degree  countenancing 
specific,  much  less,  generic,  distinction. 

In  the  Mosasauroid  referred  to  Clidastes  tortor  by  Prof.  Cope 
the  proximal  surface  arches  down  to  a  somewhat  lower  part  of  the 
tympanic  than  in  Mos.  ffoffmanni,  and  the  substapedial  extremity 
is  nearer  the  distal  articular  surface. 
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The  tympanic  is  a  characteristio  bone  in  the  orders  and  minor 
groups  of  Beptilia.  In  CrocodUia  and  Ckelonia  (fig.  1)  it  is  wedged 
betw^een  the  mastoid,  squamosal,  and  pterygoid.  In  Lacertilia  (fig.  2) 
the  squamosal  (27),  instead  of  abutting  upon  the  fore  part  of  the 
tympanic  c28),  arches  over  it  and  combines  with  the  mastoid  (8)  and 
paroccipital  (4)  in  its  suspension.  In  Ophidia  (fig.  3)  the  squamosal 
is  absent,  and  the  tympanic  (28)  is  suspended  exclusively  from  the  hind 
end  of  a  long  and  backwardly  produced  mastoid  (figs.  4  and  S,6k  s',  the 
tympanic  surface).  The  tympanic  in  Chelonia  is  remarkable  for 
its  breadth  in  proportion  to  its  length,  and  for  the  conspicuous  de- 
gree in  which  its  function  of  supporting  the  "  membrana  tympani " 
is  shown,  the  entire,  or  nearly  entire,  circumference  of  the  frame  of 
that  membrane  being  contributed  by  the  tympanic. 

In  some  Lacertilia  (Tkorictes  dracasna^  Iguana,  Tupinambis  t6' 
guejcin,  Scincus,  and  above  all  in  Amblyrhytichus,  fig.  19)  the  tym- 
panic more  or  less  resembles  in  shape  that  of  the  Ohdonia  in  its 
relative  breadth  and  the  proportion  of  the  frame  of  the  membrana 
tympani  which  it  exhibits ;  but  a  gradation  may  be  traced  to  the 
more  simple  columnar  shape,  as  in  Varanus^  Laeerta^  SUllio^  Gecko, 
Chamasleo, 

In  Ophidia,  and  especially  in  Python,  the  long  diameter  of  the 
t3mipanic  is  in  excess,  and  the  swing  of  the  suspended  column  is 
checked  only  by  the  abutment  of  the  pterygoid,  just  above  the  arti- 
cular surface  for  the  mandible.  Figures  of  the  bone  in  Python  Sebce 
(9'  &  10')  are  juxtaposed  to  those  Mosasaunis  Hoffmanni  (figs.  9  &  10). 
In  this  species  the  tympanic  is  not  only  lacertian  in  type,  but  ex- 
emplifies the  chelonian  proportions  in  a  greater  degree  than  in  any 
of  the  Lacertilia,  in  which  order  Amhlyrhynchv^  comes  nearest  to 
the  gigantic  Sea-Lizard  in  this  respect.  The  breadth  of  the  bone 
in  Amhl,  cristatus,  as  in  Mosasaurus,  nearly  equals  the  length ;  it 
frames,  as  in  Mosasaurus,  almost  the  entire  circumference  of  the 
drum-membrane,  and  forms  the  tympanic  cavity,  which  is  conical 
and  contracts  from  the  basal  frame  to  the  otosteal  orifice. 

In  Python  the  tympanic  column  is  trihedral,  and  the  angle  between 
the  fore  and  hind  facets  is  turned  outward  as  a  thin  plato ;  the  con- 
trast between  this  bone  and  the  broad  outwardly  directed  base  of 
the  subcircular  hollow  tympanic  of  Mosasaurus  is  extreme. 

The  tympanic  bone  alone  suffices  to  refute  the  ophidian  hypo- 
thesis of  the  Mosasauroids ;  and  only  the  obligations  palsBontology 
is  under  to  the  enlightened  and  liberal  administration  of  the  '  Geo- 
logical Survey  of  the  Territories  of  the  United  States,'  under  the 
accomplished  "  Officer-in-Charge,"  F.  V.  Hayden,  and  the  indefa- 
tigable devotion  of  Dr.  Cope  to  the  discovery  and  collection  of  the 
fossils  figured  in  the  fifty-seven  plates  of  the  richly  illustrated 
quarto  volume  issued  in  1875  from  the  "Government  Printing- 
office,  Washington,''  have  imposed  upon  me  the  obligation  to  omi£ 
no  point  which  may  bear  upon  the  right  interpretation  of  those 
fossils. 

§  5.   Upper  Surface  of  Face, — A  significantly  characteristic  part 
differentiating  the  skull  of  Lacertilia  from  that  of  the  CrocodUia  on 
Q.J.G.8.  No.  132.  2z 
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the  one  hand,  and  of  the  Ophidia  on  the  other,  is  the  upper  pait  of 
the  fore  end  of  the  skull.  Cuvier  has  pointed  out  and  illiutrated 
the  characters  of  this  region  in  existing  species  of  both  orders,  to 
which  I  add,  for  my  present  aim,  the  analysis  and  a  figure  of  the 
corresponding  part  of  the  skull  in  a  species  of  the  C^hidia. 

In  this  group,  as  exemplified  in  Python  {^^.  13),  the  premaxilkry 
<»)  constitutes  the  smallest  element  of  the  region  in  question.  It  is 
a  subquadrate  or  subtriangular  ossicle,  wedged  into  Uie  fore  part  of 
the  vomers  and  nasals,  touching  behind  the  vertical  wall  formed  by 
the  defiected  median  plates  of  the  nasals  (ib.  i5),  not  interposed  bes 
tween  the  nasals,  but  contributing  a  little  to  the  lower  boundaiy  of 
the  nasal  apertures,  which  are  parial  and  open  obliquely  upoB 
the  fore  part  of  the  skull.  The  premaxillary  is  connected  by  elMtic 
ligaments  with  the  fore  ends  of  the  maxillaries,  not  by  suture  witli 
those  bones,  which  enjoy  movements  in  the  constricting  serpents, 
independent  of  the  premaxillary.  This  ossicle,  22,  in  Python  Hyris 
supports  two  teeth. 


Fig.  13. 


Fig.  14. 


Python. 


Upper  surface  of  face. 


Varamus, 


In  Lacertilia  (fig.  14)  the  dentigerons  part  of  the  premaxillary  («J 
answers  to  the  whole  of  that  bone  in  Ophidia ;  but  it  is  relatively 
broader,  contributes  a  greater  proportion  to  the  fore  end  of  the 
skull,  and  is  immovably  joined  by  suture,  on  each  aide,  to  the  max- 
illaries (91).     The  most  distinctive  feature  of  the  premaxillary  is  the 
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prodaction  of  its  upper  and  middle  part  into  a  long  and  slender- 
pointed  process  (fig.  14, 23'),  which  terminates  hy  wedging  itself  more 
or  less  deeply  between  the  nasals  (ib.  le).  This  structure  is  associated 
"with  a  more  backward  position,  of  the  external  nostrils  (n,  n)  than 
in  Ophidia,  the  degree  of  retrogradation  being  in  propoition  to  the 
length  of  the  nasal  process  of  the  premaxiUary.  Thus  the  charao- 
teristic  process  is  longer  and  the  external  nostrils  are  placed  farther 
back  in  Varanu$  and  Monitor  than  in  Amhlyrhynchtu  and  Iguana  ; 
and  in  this  respect,  as  in  some  others  indicated  by  Cuvier,  Mosa^ 
saurus  (fig.  15)  is  nearer  akin  to  the  Monitors  than  to  the  Iguanians. 


Fig.  15. 


Fig.  16. 


Leiodon, 
Upper  Burfatfe  of  skulL 


MotasawruB. 
The  bonj  palate. 


Cnvier  has  rightly  represented  the  backward  position  of  the  external 
nostrils  in  the  Mosasaurus  Hoffmanni,  but  does  not  refer  to  the  ante- 
rior boundary  of  the  right  aperture,  which  is  clearly  and  correctly 
shown  in  his  plate  (pL  xyiii.  ig.  1). 

In  the  same  figure  is  shown  the  nasal  process  of  the  premaxillary, 
forming  the  upper  border  of  that  part  of  the  divided  nostril.     The 

222 
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fore  part  of  the  premaxillary  (fig.  15,  aa)  in  the  Mosasanriaiu  is  sab- 
triangular  as  in  Varanua,  and  forms  a  more  definite  and  larger  propor- 
tion of  the  fore  end  of  the  skull  than  in  Pt/ihon ;  it  supports  on  its  under 
fiattened  surface  two  pairs  of  teeth,  smaller  than  the  maxillary  ooes ; 
laterally  it  is  suturally  connected  with  the  mazillaries  oi).  From 
the  middle  of  the  upper  convex  surface  of  the  premaxillary  there 
extends  backward  and  slightly  upward  a  nasal  process  (fig.  15,  sr) 
relatively  as  long  as  in  Varanus,  with  the  pointed  apex  terminating 
between  the  nasals.  These  bones  (ib.  is)  are  continned,  seporat^, 
a  short  way  forward  below  the  nasal  process  of  the  premaxillazy; 
but  the  median  suture,  penetrated  by  that  process,  is  soon  obliterated 
in  the  nasals,  at  least  of  Mosasaurus  Hoffmanni.  These  are  tlras 
continued  backward  as  a  single  bone  slightly  expanding ;  and  thej 
are  notched  to  receive  the  antero-median  points  of  the  firontala,  u,  each 
of  which  is  continued  forward  a  short  way  along  the  ade  6i  the 
nasal,  contributing  a  small  portion  to  the  periphery  of  the  external 
nostril,  and  is  there  interposed  between  the  nasal  (iS)  and  maxil- 
lary (31) ;  further  back  the  frontal  joins  the  prefrontal  (U).  There 
is  no  trace  of  this  premaxiUo-naso-frontal  structure  in  Ophidia ;  it 
is  a  Lacertian  characteristic ;  and  the  modification  shown  in  Mota- 
Baurtis  most  nearly  resembles  that  of  the  Varanus  and  liomiior 
amongst  existing  Eeptilia. 

Prof.  Cope  diagrammatically  indicates  the  most  instructive  features 
of  this  lacertian  characteristic  in  the  Mosasaurians  which  he  refos 
to  his  genera  Clidastes  and  Platecarpus  * ;  but  he  omits  the  sutures 
which  in  Mosasaurus  Hoffmanni  and  Mosasaurus  McudmUiani  d^ne 
the  nasal  bones. 

The  more  perfect  example  of  the  skull  of  the  latter  North-Ame- 
rican species  affords  satisfactory  demonstration  of  this  strong  difie- 
rential  character  as  between  the  Lacertians  and  Ophidians. 

The  locality  of  this  skull,  as  noted  by  its  acquirer,  brings  it 
within  the  Cretaceous  series  of  the  United  States.  The  internaaal 
suture  persists  in  Leiodon  aneeps,  fig.  15. 

§  6.  T?ie  hony  Palate, — A  State-officer  in  relation  to  the  Indkois 
of  the  Upper  Missouri  obtained  the  fossil  at  the  '<  Big* bend  of  the 
river,  between  Fort  Lookout  and  Fort  Pierre,"  and  brought  it  to 
St.  Louis,  where  it  was  noticed  by  Prince  Maximilian  of  Neu-Wiedt, 
in  the  officer's  garden,  and  was  presented  to  the  Prince,  who  brought 
it  over  to  Europe  and  deposited  it  in  the  Museum  at  Bonn.  'Dui 
specimen  afforded  the  subject  of  Prof.  Goldfuss's  excellent  mono- 
graph t,  in  which  the  components  of  the  bony  palate,  not  yielded  by 
Cuvier's  specimen,  are  supplied.  The  illustration  of  this  stmcture 
in  fig.  16  is  founded  on  the  text  and  plate  viii.  of  Goldfuss. 

The  vomer  (fig.  16,  13)  is  panal;  each  lateral  portion  is 
long  and  slender;  they  diverge  posteriorly  as  in  the  i/bnttor§, 
before  uniting,  each  by  a  similfu:  angular  suture,  with  the  palatines. 

*  Op,  cit,  pUte  xxxriii. 

t  See  hie  *  Reiae  in  das  Innere  Ton  Nordameriea/  Bd.  i.  p.  948. 

X  '*  Ber  Schadelbau  des  MastuaurusJ*  &o.  in  the  Acta  Aoad.  &c.,  above  cited. 

§  Ouvier,  tarn.  cit.  pi.  xriii.  fig.  3. 
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These  bones  (ib.  ao)  are  edentulous.  Each  sends  forward  a  slender 
process,  a,  to  join  the  vomer ;  and  the  junction  with  the  maxillary 
oonunences  by  a  similar  but  shorter  process.  Between  the  two 
processes  the  fore  part  of  the  palatine  is  deeply  emarginate  to  form 
the  hind  boondary  of  the  palato-naris,  n.  The  palatines  do  not  join 
each  other  mesially ;  the  intervomerine  fissnre  is  continued  back- 
i^azd  between  them,  as  in  the  Monitor.  In  Igwina  ixthtrcuUUa  * 
'there  is  no  intervomerine  fissure ;  and  a  small  inteipalatine  one  is 
insulated  from  the  interpterygoid  fissure,  «,  by  a  second  median 
suture  continued  to  the  junction  with  the  pterygoids. 

In  the  Amblyrhynchus  cristahts  it  is  interesting  to  find  the 
linear  fissure  between  the  hind  ends  of  the  vomers  (13)  continued 
hetween  the  fore  ends  of  the  palatines  (ao),  and  tbenoe  gradually 
expanding  to  be  continued  into  the  interpterygoid  vacuity.  Thus 
the  common  median  fissure,  m  «,  shown  in  t&e  Monitor  and  Mosasaur, 
fig.  16,  is  repeated  in  the  marine  Iguanian. 

But  here  the  palatal  correspondence  between  the  small  existing 
and  great  extinct  Lacertians  ceases.  The  pterygoids,  in  Mosasaurus^ 
(fig.  16,  34),  approximate  not  far  from  their  separate  anterior 
beginnings,  unite  in  the  mid  line  and  so  dose  the  interpterygoid 
part  of  the  common  fissure,  s  m;  and  this  union  continues  to  near 
the  hind  end  of  the  dentigerous  plate,  where  the  pterygoids  again 
recede  to  send  off  the  long  divergent  processes,  <,  to  abut  against 
the  tympanic.  The  number  of  teeth  is  9  or  10  in  each  pterygoid. 
The  processes  for  junction  with  the  ectopterygoid  and  the  pterapo- 
physis  of  the  basisphenoid  are  well  shown  in  the  outer  and  inner 
side  views  of  the  well-preserved  pterygoid  bones  of  the  type  skull 
figured  by  Cuvierf.  But  there  is  one  significant  connexion  with 
an  adjacent  and  peculiarly  lacertian  bone,  shown  in  the  Mosasaurui 
Maximilxani  (fig.  18),  which  I  will  illustrate  by  a  corresponding 
view  of  the  skull  of  Amhlt/rhynchus  crista  tu8  (fig.  19). 

In  this  figure,  on  the  upper  and  outer  surface  of  the  pterygoid, 
94,  about  midway  between  the  two  ends  of  the  bone,  there  is  a  low 
eminence,  ar,  excavated  by  a  shallow  pit  in  which  b  lodged  the 
pecuHar  lacertian  bone  denominated,  from  its  shape,  ^'  columella ;" 
the  upper  end  of  this  slender  straight  vertical  pillar  Tfig.  19,  y) 
abuts  against  and  is  firmly  attached  to  the  orbitospnenoid,  or 
anterior  continuation  of  the  alisphenoidlt. 

In  the  skull  of  Mosamurus  MaximiUani  (fig.  18)  a  corresponding 
view  of  the  pterygoid  (ib.  2i)  shows  the  base  of  a  slender,  but 
broken,  verticd  pillar,  y,  ankylosed  to  a  similar  articular  eminence, «. 
The  ^^  columella "  of  Cuvier  is  wanting  in  Ophidia,  as  in  Chelonia 
and  Croeodilia. 

In  general  shape  and  proportions  the  pterygoid  of  Mo8a$auru$ 
more  resembles  the  pterygoid  of  HydrosauruB  than  of  AmblyrhynehuM, 
but  differs  in  the  dentigerous  character,  in  which  the  recent  Sea- 

*  Out.,  torn,  eit,  pi.  zriii.  fig.  2,  B. 
t  Tom,  cit.  pi.  XTiii.  fig.  1,  ^,  /,  m. 
I  Cut.,  loc,  dt. 
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lizard  (Atnblt^hvndkus)  agrees  with  the  rest  of  the  Iguamdct  and 
some  other  Sannans. 

The  main  distinction  of  the  pterygoids  in  the  great  extinct  Set- 
lizard  (fig.  16,  34)  is  their  extensive  median  suture,  by  which  these 
bones  have  their  fixity  more  assured,  and  oontribnte  a  greater  share 
to  the  roof  of  the  month.  It  is  probable  that  obseryation  of  this 
charaoter  may  have  led  Prof.  Ck>pe  to  reject  thedetermination  bj 
Cnvier  of  the  pterygoid  nature  of  these  bones,  and  to  propoond 
their  homology  with  the  palatine  bones  of  the  BeptiUa,  and  espe- 
cially with  those  in  Ophidia  (fig.  17),  io  which  these  bonea,  >»,  11 
well  as  the  pterygoids,  24,  support  teeth. 

Fig.  17. 


Pytkon. 
The  bony  palate. 

The  narrow  fore  end  of  the  ophidian  pterygoid  (fig.  17,  »*) 
articulates  by  a  squamous  suture  with  the  palatine  (ib. ») ;  a  similar 
suture  attaches  the  low  outer  angle  to  the  '^  transyersal "  or 
ectopterygoid,  35,  and  the  opposite  inner  one  to  the  pterapophyiii 
of  the  basisphenoid.  The  elastic  connecting  tissue  allows  some 
yielding  motion  at  all  these  joints.  There  is  no  trace  of  a  cola- 
mellar  articular  process  on  the  upper  part  of  the  bone  in  any 
Ophidian,  nor  is  there  a  trace  of  the  ^*  columella."  The  long  hinder 
extension  of  the  tympanic  process,  Z,  so  characteristic  of  the  ptery- 
goid bone,  is  as  well  developed  in  Ophidia  as  it  is  in  LacertUia ; 
but  it  is  more  bent  in  Python  than  in  AmhlyrhynekuB  or  in  Mosa- 
saums. 

The  true  palatine  bone  in   Mosasaurus  (fig.  16,  ao)  is  edentulous* 
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a3  in  all  Lacertians ;  it  is  much  smaller  than  the  pterygoid ;  it 
contributes  by  a  smooth,  wide,  anterior  emargination  to  oircum- 
scribe,  posteriorly,  the  palato-naris,  n,  and  has  the  same  connexion 
^with.  the  vomer,  maxillary,  and  pterygoid  as  in  Amblyrhynehus. 

In  Ophidia  the  palatines  (fig.  17,  ao),  besides  supporting  teeth, 

liave  a  narrow,  elongate  form,  and  seem  to  be  a  forward  continuation 

of  the  pterygoids.   They  unite  by  a  posterior  narrow  squamous  suture 

-witli  tiie  pterygoid,  m,  and  send  off  a  process  from  near  the  middle  of 

the  inner  surface,  which  unites  with  the  presphenoid ;  the  anterior 

ends  have  a  loosiish  ligamentous  connexion  with  the  vomerine  bones, 

13.       In  every  particular  in  which  the  veritable  palatines  of  the 

Mosasaurians  differ  from  those  of  Serpents  they  agree  with  those  of 

Liizards,  and  of  the  Monitors  more  especially.    I  may  here  note  the 

many  and  characteristic  vacuities  in  the  palate  of  tilie  Python  (fig. 

17);  viz.  the  vomero-maxillary,  «,the  palatonarial,  n,  the  interpalatal, 

the  interpterygoid,  «,  5',  and  the  pterygomaxillary,  y. 

Cuvier,  who  appended  views  of  the  palate  in  an  Iguana  and  a 
Monitor  to  elucidate  the  character  of  that  part  of  the  skull  in 
Moscuauims,  tersely  propounds  the  case  as  follows: — '^Jusqu'ici 
I'animal  de  Maestricht  seroit  done  plus  voisin  des  monitors  que  des 
autres  sauriens ;  mais  tout  d'un  coup  nous  trouvons  dans  ses  os 
pterygoi'diens  un  caractere  qui  Ten  Soigne  pour  le  porter  vers  les 
lizards  proprement  dits  et  les  iguanes ;  ce  sont  les  dents  dont  ces  os 
sent  arm^  qui  constituent  ce  caractere." 

Then,  after  noticing  the  absence  of  palatal  teeth  in  the  Crocodilia 
and  several  genera  of  Lacertilia,  Cuvier  proceeds  : — *'  Les  iguanes, 
les  anolis,  lee  lizards  ordinaires,  les  marbr^  et  un  certain  nombro 
de   scinques,  parmi  les   sauriens,  partagent  seals  avec  plusieurs 
serpens,  batraciens  et  poissons  cette  armure  singoli^re.     Mais  les 
iguanes  et  autres  sauriens  la  portent  aux  pterygoi'diens  seulement ; 
les  serpens,  aux  palatins  comme  aux  pt^rygoidiens ;  les  grenouilies, 
les  rainettes,  les  salamandres,  aux  vomers,  les  premises  sur  une 
ligne  transversale,  les  autres  sur  une  ligne  longitudinale.   Plusieurs 
poissons,"  &c.*    But  it  is  unnecessary  to  follow  further  the  great 
palaeontologist's  exhaustive  analysis.    Suffice  it  that  he  hits  the  fact 
which  distinguishes  Mosasaurus  from  the  Ophidian  and  which  unites 
it  with  the  LacertiUa.    The  advocate  for  the  sea-serpentism  of  the 
extinct  Mosasauroids  determines  the  pterygoids  to  be  the  palatines ; 
and  if  so,  the  missing  bones  posterior  to  Prof.  Cope's  palatines  might 
also  have  borne  teeth,  and  thus  the  ground  taken  by  Cuvier,  in 
the  sole  comparison  which  he  makes  with  serpents,  would  be  cut 
away.    But,  irrespective  of  the  obvious  concordance  of  the  bones 
figured  by  Prof.  Cope  as  palatines  with  the  unquestionable  pterygoids 
of  the  specimen  cited,  and  before  me  as  I  write,  it  is  much  more 
likely  that  the  smaller,   true,   edentulous   palatines   should  have 
escaped  observation  and  collection  than  the  larger  and  more  poste- 
riorly situated  pterygoids  ;  it  is  hardly  conceivable  that  these  should 
be  missing  in  every  one  of  the  numerous   and   well-preserved 
specimens  which  the  North- American  Cretaceous  series  has  afforded. 
*  Tom,  eit.  p.  322. 
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§  7.  The  Mandible. — In  the  lower  jaw  of  Lacertians  (^.  20) 
may  be  noted  the  foUowing  pieces  in  each  ramus  : — »,  denUry: 
83,  splenial;  ai',  coronoid;  29,  articular;  so,  angular;  3i,  surangulir. 

What  is  first  noticeable  in  the  connexions  of  these  bones,  in  a  com- 
parison of  Lacertians  on  the  one  hand  with  Crocodilia  and  Cheitm^ 
and  with  Ophidia  on  the  other  hand,  is  the  greater  tendency  in  cerUin 
sntures  to  mark  off  an  anterior  half  of  the  ramus,  including  the 
dentaxy,  and  splenial,  from  the  posterior  half;  with  this  modi- 
fication, that  in  the  Iguanians  (fig.  19)  the  coronoid  piece,  3i\  would 
go  with  the  anterior  division,  and  in  the  Monitors  (Rg.  20)  witk 
the  posterior  one. 

The  subvertical  suture  in  Amhlyrhynckus  (fig.  19,  s-s)  runs  frois 
above  downward,  first  between  the  surangular,  si,  and  coronoid,  a' : 
tiien  between  the  surangular  and  the  combined  splenial  s,  9sA 
dentary,  sa. 

In  the  Monitor  (  Varanus  niloticus)  (fig.  20)  the  subvertical  suture, 
«-^,  runs,  first  between  the  surangular,  si,  and  the  dentary,  » ;  then 
between  the  angular,  so,  and  the  combined  dentary  and  splenisL 
A  small  part  of  the  fore  end  of  the  coronoid,  si',  supplements  the 
upper  end  of  this  subvertical  suture. 

In  the  Mosasaurus  (fig.  18)  this  subvertical  division,  s  s^  of  ti» 


AfoBosauruB, 


ramus  follows  more  closely  the  pattern  of  the  Monitor  than  of  the 
Iguanians.  The  chief  modification  is  the  formation  of  the  lower 
part  of  the  suture  by  the  angular,  ao,  and  splenial,  ss,  exclusive  of 
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the  dentary,  32 ;  but  this  unites  with  the  surangular,  si,  and  a  small 
part  of  the  coronoid,  31',  as  in  the  Monitors.  In  all  these  Lacertians 
the  increasing  thickness  of  the  ramus  toward  its  lower  border 
augments  the  breadth  of  that  part  of  the  subvertical  suture.  But 
the  sutural  line,  s  s,  in  each  instance  describes  a  more  or  less 
zigzag  or  angular  course,  impeding  transverse  yielding  or  move- 
ment  of  the  fore  upon  the  hind  half  of  the  ramus. 

Definition  of  the  constituent  elements  is  dear  in  the  perfect 
mandibles  of  Mosasaurus  Hoffmanni  and  M,  Mcucimiliani,  in  which 
latter  they  bear  the  Cuvieriau  letters  in  Prof.  Goldfoss's  mono- 
graph*. 

In  the  least-mutilated  of  the  subsequently  discovered  American 
mandibular  fossils,  ascribed  by  Prof.  Cope  to  his  genus  Clidastesfy 
the  sutures,  though  the  pieces  they  join  are  not  lettered,  are 
sufficiently  traceable  to  afford  sure  ground  of  comparison  with  the 
Xjacertian  type  of  mandible  on  the  one  hand  and  the  Ophidian  type 
on  the  other.  The  vertical  joint  between  the  angular  and  splenial 
is  unmistakably  defined,  and,  with  the  indications  of  the  other 
sutures,  show,  as  in  Mosasaurus  Maximiliani  (fig.  18)  the  Moni- 
torialy  not  the  Iguanian  pattern. 

All  the  portions  of  Mosasaurian  mandibles  which  are  figured  by 
Prof.  CopeJ,  with  literal  references  to  the  constituent  pieces,  afford 
ample  means  of  deciding  the  affinities  of  the  fossils  in  the  Eeptilian 
series,  as  such  affinities  are  exemplified  in  this  guiding  part  of  the 
skull. 

Of  the  bones  of  the  Maestricht  specimen  described  and  figured  by 
Cuvier  (torn.  cit.\  and  the  type  of  the  genus  Mosasaurus^  the  most 
complete  is  the  mandible.  The  notes  and  comparisons  by  the  great 
palaeontologist,  by  which  the  Lacertian  affinities,  as  against  the  Cro- 
codilian and  Cetacean  ones  are  illustrated,  extend  over  three  pages 
(319-322) ;  they  are  a  model  for  his  successors.  My  additional 
evidences  confirm  (or,  I  should  say,  accord  with),  the  characteristics 
assigned  by  Cuvier  to  the  '^  machoire  inf^rieure  bien  entier,"  from 
Maestricht  § ;  and  there  remains  only,  in  relation  to  the  present  aim, 
to  add  a  few  comparisons  of  the  Mosasaurian  mandible  with  that 
in  the  Ophidia,  In  Mosasaurus  (fig.  18)  the  tympanic  articular 
surface  is  excavated  chiefly  in  the  surangular,  31,  and  is  simply 
concave,  corresponding  to  the  convexity  of  the  tympanic  condyle. 
In  Ophidia  (Python,  fig.  21)  the  articular  surface  is  excavated  in 
the  one  bone,  si,  formed  by  oonfiuence  of  the  articular,  the  angular, 
and  the  surangular  elements :  the  surface  is  ''  ginglymoid,"  the 
transverse  convexity  equalling  the  longitudinal  concavity. 

The  angular  process  is  almost  obsolete  in  Python,  being  repre- 

*  Op.  cit.  Taf.  ▼ii. 

t  Tom,  cit,  pL  xiT.  fip.  1  and  2. 

t  Plate  xxii.  figs.  3,  C;  pi.  xxri.  figs.  2,  a,  b^  c;  pL  xzyiii  fig.  2. 

§  I  have  only  to  remart  that,  in  pL  xviii.  Ag  I.  the  letter  x,  indicating  the 
'*  surangular  "  in  the  Monitor  (ib.  fig.  5)  and  Iguana  (fig.  6),  is  placed  upon  the 
** operoulaire "  (my  ''splenial")  in  the  Moeasaur  (fig.  1).  The  references 
(p.  321)  to  *' figs.  2  et  3r  should  be  to  *'figs.  4  et  5,"in  pL  xriiL 
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Amblyrht/nchus, 


Fig.  20. 


Monitor, 


Fig.  21. 


Pi/ihofi, 
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sented  by  a  mere  tuberosity  at  the  back  of  the  articular  surface. 
Xn  Jkfosasaurus  this  process  (fig.  18,  20)  (*'  I'apophyse,  6,  pour  la 
xansde  analogue  du  digastrique,"  Guy.,  p.  820)  is  relatively  as  well 
developed  as  in  Arnblyrhynchus  (fig.  19,  2»)  and  terminates,  as  in 
tliat  Sea-lizard,  subacutely ;  in  Monitor  (fig.  20,  29)  it  is  longer,  and 
terminates  obtusely.  In  all  these  laoertians  the  process  is  developed 
from  the  <'  articular  ^  element,  not  from  that  called  ''  angulaire  "  by 
Cuvier. 

The  coronoid  process  is  formed  by  the  ^'  coronoid  element,"  si',  in 
3£os€uauru8  as  in  Monitor  and  Iguana  \  in  the  Python  it  is  an 
exogenous  lamelliform  process  of  the  surangular  plate  of  the 
angolo-surangular  element;  to  the  antero-intemal  part  of  this 
element  the  coronoid  (fig.  21,  c)  is  applied,  slightly  projecting  in 
front  of  the  coronoid  process,  and  chiefly  disposed,  like  the  ^*  sple- 
nial,''  to  cover  the  groove  at  the  postero-intemal  part  of  the 
dentary  element. 

The  "splenial,"  ss,  extends,  in  Mosasaurus  (fig.  18)  from  the 
angular,  ao,  and  surangular,  31,  elements  along  the  inner  surface  of 
the  dentary  to  near  the  symphysis,  as  in  the  Monitor ;  in  the  Python 
it  extends  from  the  angular  part  of  the  angulo-surangular  to  the 
back  part  of  the  dentary,  joining  the  *'  coronoid  **  plate  above  and 
not  extending  forward  beyond  that  plate :  the  length  of  the  entire 
•splenial,  here,  is  but  one  fourth  that  of  the   entire  mandibular 
ramus.     This  small  splenial  plate  in  Ophidia  is  imperforate ;  in 
Mosasaurus  it  is  perforate*,  as  in  Monitor  and  Iguana,     In  Python 
the    outer    plate   of  the  dentary  (fig.  21,  82)  is   deeply  notched 
behind  by  a  long  angular  depression  which  receives  a  process  of 
similar  shape  of  the  angulo-surangular  element,  si.     In  Mosa^ 
saurus^  as  in  Monitor^  the  outer  plate  of  the  dentary,  83,  terminates  in 
a  subvertical  line ;  this  is  curved  in  Iguana^  less  so  in  Monitor,  still 
less  in  Mosasaurus  f,  where  it  seems  to  have  suggested  to  Prof. 
Cope  the  idea  of  a  movable  articulation  with  the  hinder  part  of  the 
ramus:  hue  the  relative  overlapping  position  of  the  mandibular 
elements,  causing  the  angular  break  of  the  line  s  s,  on  the  outer 
side  of  the  ramus,  and  in  a  greater  degree  upon  the  inner  surface 
of  the  ramus,  must  have  as  effectually  opposed  such  flexion  in  Mosa- 
saurus as  is  the  case  with  Lacertians  and,  a  fortiori^  with  Ophidians. 
The  movements  of  the  mandible  in  serpents,  and  especially  in 
Pythons  and  Boas,  in  relation  to  the  engulfiing  of  large  prey,  are 
chiefly  subserved  by  the  absence  of  a  "  symphysis  "  or  anterior  arti- 
culation of  the  right  and  left  branches  of  the  mandible.     These  are 
here  connected  to  one  another  by  elastic  ligaments. 

In  Mosasaurus  the  relative  extent  of  the  symphysial  joint  of  the 
mandible  is  greater  than  in  existing  Lizards,  in  which  the  symphysis 
is  completed  by  inelastic  or  unstretchable  fibro-cartilage. 

In  Mosasaurus  Hoffmanni  the  outer  plate  of  the  dentary  is  pierced 
by  about  a  dozen  holes  in  a  regular  longitudinal  series.  There  are 
six  or  seven  corresponding  foramina  in  the  Monitor  (fig.  20),  and 

*  "  H'y  avoit  une  petite  ouTerture  dans  roperculaire."     Tom.  cit. 

t  "  Le  sur-angiilaire  se  joignant  carr^ment  avec  le  dentaire."     Tom.  cit.  321. 
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five  to  seven  in  Iguana  and  AmhlyrhyndiuM  (fig.  19) ;  there  ia  \pA  < 
in  the  Pyihtm  (fig.  21). 

The  argument  which  Prof.  Cope  derives  from  a  study  of 
mandibular  fossils  of  his  Mosasaurians  runs  as  foUows : — 

^^  Swallowing  their  prey  entire,  like  snakes,  they  were  wx&oBt 
that  wonderful  expansibility  of  throat  due  in  the  latter  to  sb 
arrangement  of  levers  supporting  the  lower  jaw.  Insteed  of  &is, 
each  half  of  that  jaw  was  articulated  or  jointed  at  a  point  iieailj 
midway  between  the  ear  and  the  chin.  This  was  of  tihe  ball-and- 
socket  type,  and  enabled  the  jaw  to  make  an  angle  outward,  and 
thus  widen  by  much  the  space  inclosed  between  it  and  its  f^low*^. 

My  first  impression  in  reading  the  above  was  that  the  right  aad 
left  rami  were  meant  by  ^'  each  half  of  that  jaw/'  and  that  ti» 
«<  ball-and-socket "  joint  related  to  the  form  of  the  tympaao- 
mandibular  articulation  which  differentiates  the  Mosataunu  frm 
both  existing  Lizards  and  from  Serpents.  But  at  p.  122  ¥toL 
Cope  illustrates  his  meaning  by  a  diagrammatic  cut  (fig.  4)  whicb 
"  shows  the  appearance  of  tiie  normal  flexure  of  the  ramua,"  at  the 
part,  viz.,  which  is  marked  <  <  in  figures  18,  19,  and  20,  of  the 
present  communication. 

§  8.  VerUbroi. — ^In  testing  the  affinities  of  the  MotoMntridm 
by  the  characters  of  the  vertebrsB,  I  premise  a  brief  notice  of  aooh  ia 
the  largest  of  the  existing  Lizards  which  have  marine  habits,  viz.  ths 
Amhlyrhynchus  cristatus  f  of  the  Chatham  and  Charles's  Islands  ol 
the  Galapagos  group,  in  one  of  which  the  abundance  of  these 
lizards  has  given  to  an  inlet  which  they  frequent  the  name  of 
"  Iguana  Cove." 

The  following  are  dimensions  of  the  skeleton  of  an  individnal  of 
the  species  under  review  : — 

AHBLrBHTNCHUS  (ObSOCBPHALUS,  €hvy)  CfilSTATUS,  BeU. 

ft  in.  L 

Length  of  entire  skeleton     4  4  0 

skull    3  5 

„         trunk  (from  occiput  to  sacrum) 1  3  6 

„        sacrum     1  0 

tail    2  8  0 

Number  of  vertebrsB  79,  viz. : — 

of  the  neck  4  $ 

of  the  dorso-lumbar  region  . .  20 

of  the  sacrum   2 

of  the  tail 63 

»  Tom.  cii,  p.  46. 

t  Bell  in  'Zoology  of  the  Beagle,*  Beptilea,  23;  also  in  *ZooL  Jooml 
ToL  ii.  p.  2(H  pi-  12.  This  speoiee  is  called  '*  OrtoeepkaUu  crutatuM "  by 
Gray,  in  his '  Catal.  of  lixards,'  12mo,  1845,  pp.  xriii,  xzr,  &  189.  lU  otleo- 
logy  it  weU  figured  hj  Steindachner,  *Die  ochlangen  und  Ekleofaaen  d«r 
QalapagOB-Inieln,'  p.  J03,  taf .  iii.-Tii.,  and  in  *  Zeitachrift  lor  Feier  dee  fonf- 
undswanzigjahrigen  Beatehena  der  k.-k.  zoologiach-botanitcben  GeaeUachaft  ia 
Wien/  4to,  1876. 

I  Thoae,  Wx.,  without  free  pleurupopbyiet. 
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The  anterior  hypapophysk  of  the  atlas  forms  the  lower  third  of 
tlie  cap  for  the  oooipitcd  condyle,  the  two  upper  thirds  being  modi- 
fied pnezygapophyses  of  the  nenral  arch.    A  short  thick  diapophysis 
projects  behmd  the  pnexygapophysis,  and  a  small  tubercle  from  the 
ontfiide  of  the  base  of  ^e  postzygapophysis.    The  neurapophyses 
are   oonflnent  by  their  apices,  without  developing  a  spine.    The 
eentram  of  the  atlas  (*'  odontoid  process  ")  sends  downward  and 
backward  a  longish  compressed  posterior  hypapophysis ;  the  anterior 
one  has  more  fore-and-dt  extent,  and  is  in  the  form  of  a  vertical 
plate  or  keeL 

The  axis  and  four  following  vertebrsB  have  each  a  hypapoph3rsis 
not  confluent  with  the  centrum,  but  articulated  to  a  projection  from 
the  hinder  border,  so  as  to  seem  wedged  into  the  interspace  between 
its  own  and  the  next  vertebra. 

The  fifth  vertebra,  counting  from  the  occiput,  has  free  pleura- 
pophyses ;  and  these  elements  are  present  and  free  in  the  succeeding 
▼ertebrs,  to  the  sacrum.  They  then  suddenly  gain  thickness,  with 
more  length  in  the  first  sacral,  and  are  confluent  with  the  diapo- 
physes.  The  iHum  is  a  similarly  thickened  homotype,  or  '^  serial 
homologue,"  of  the  second  portion  of  the  folly  developed  thoracic 
costal  arch  ;  and  the  pubis  is  a  similarly  modified  homotype  of  the 
hsBmapophysis,  sternal  rib,  or  costal  cartilage  of  the  type  thoracic 
segments. 

The  completion  of  the  arch  by  the  latter  element  occurs  in  the 
ninth  vertebra,  and  ceases  at  the  sixteenth,  which  is  followed  by  eight 
vertebrae  with  pleurapoph}n9es  only.  The  transverse  process  of  the 
first  and  ten  following  caudal  vertebra  is  as  long  as  the  di-pleur- 
apophysis  of  the  last  trunk- vertebra,  and  includes  the  same  elements 
coalesced.  The  diapophyses  disappear  at  the  twenty-first  caudal 
vertebra.  The  hsemal  arch  shows  the  usual  type  of  **  chevron  bone," 
with  a  spine  equalling  the  neural  one  above. 

The  httmapophyses  articulate  to  tubercles  at  the  back  part  of  their 
centrum,  and  leave  no  articular  mark  on  the  fore  part  of  the  following 
centrum ;  but  their  base  extends  over  the  intervertebral  space. 

The  main  vertebral  character  by  which  the  existing  Sea-lizards 
(Amblyrhynehus)  differ  from  the  terrestrial  or  arboreal  Iguanians  * 
is  in  the  absence  of  zygosphene  and  zygantrum,  and  the  limitation  of 
the  articular  processes  of  the  neural  arch  to  the  normal  praB-  and 
post-zygapophyses ;  according  to  the  rule  of  the  Lacertian  order. 

And  here  we  gain  another  capital  test  of  the  affinities  of  the  M06&- 
saurians.  In  the  posthumous  edition  of  Cuvier's  *•  Lemons  d'Anat. 
Compart,'  the  editors  added  the  fact  that  in  the  vertebr»  of  Ophi- 
dians the  articular  processes  were  double,  the  superadded  pairs 
being  situated  internal  to  the  normal  ones,  and  at  the  base  of  the 
ipmoos  process  f. 

•  Anat  of  Vertebrates,  toL  i.  p.  57,  fig.  48,  "  trunk-vertebra  of  Igxuma  tuber- 
eulata. 

t  "  Les  apophyses  articulaires  sont  doubles ;  les  unes  ext^rieures,  repr^sen- 
tant  les  apophyses  articulaires  ordinaires  k  facettes  horizontales ;  let  seoondes 
int^rieures  sont  situ^es  i  la  base  de  I'apophyse  ^pineuse."  Vol.  i.  8vo,  1835, 
p.  216. 
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Tlui  cbivMtcr  inaterullj  aided  in  the  determinatian  of  UieOfbi- 
dim  nature  of  the  £ooeDe  Teztebne  described  in  the  ' 
of  the  Geological  Sodetr/  tqL  tL  2nd  Series,  1839,  p.  209.  pL : 
and  the  chancter  in  qnestioa  is  again  iUostrated  in  the  ^  Prooee&igp* 
of  die  Society  for  January  7th,  lb57,  p.  196,  pL  ir^  in  the  extxaet 
genera  I\Ml<ropkis  and  La^phisy  and  in  the  existing  genera  I^tkm^ 
Co/t&nr,  and  Croiabu.  By  Tirtne  of  these  saporndded 
(lygospiiene  and  aygantnun)  the  Tertehre  inteiiock  by  a  doable 
*^  ten<Mk-and-BOitice  "  joint. 

In  the  comae  of  the  eomparisoiiB  for  determining  the  fossil  w- 
tebne  snbmitted  to  me  from  the  £oeene  day  of  Sheppey  and  Brackkf- 
ham  *,  and  from  an  nndetermined  Tertiary  formation  at  Salooica, 
I  caane  upon  a  similar  oomplexity  in  the  arboreal  or  terreataal 
Hxank  of  the  genera  I^wnta  and  MeUipceerm ;  and  to  this  day  thfy 
form,  as  frr  as  my  examinations  have  extended,  the  sole  exceptioBS 
in  tliM  Lacotian  order.     It  was  with  moeh  interest  therefore  ^bal 
I  availed  myself  o£  the  opporUinity  of  examining  the  TerteiKil 
characters  of  the  great  marine  Igoanian  lizard  of  the  Galapagos 
Islands^  in  the  qiedmen  from  Iguana  CoTe,   Chariee's    laiaad, 
presented  to  the  British  Mnaenm  by  Commander  Cookaoa,  RJi^. 
The  dimensions  of  the  skdeion  are  grren  abore.     Its  Tertebre  dilSr 
from  those  of /5r««Mi  pn^t9,  and  retain  the  simplicity  of  arttenlatuBS 
common,  with  the  exceptions  noted,  to  all  Lixards.     I  know  of  no 
exceptions  to  the  role  of  the  complexity  of  the  Tcrtefaral  artieQlatioos 
in  C^^Uiimy  unless  Jfosojoanis  be  shown  by  this  character  to  be  a 
a  great  sea-serpent. 

But  then  it  inightbeobjeeted«if  Teitefareof  any  mosasauiianipeeiea 
should  show  the  lygosphene  and  zygantrum  or  their  raiments,  that 
these  would  exnnplify,  like  the  pterygmd  teeth,  the  affinity  of  sudi 
excepcional  species  to  the  Iguanian  lisards. 

In  ^MVy-^ytH-Aw*  and  most  other  Laoertians  the  nenrapof^ysef 
of  the  atlas  touch  each  other  abore  by  a  small  sar£soe,  and  then, 
commonly,  coalesce.  In  Mosatawrms  they  aj^tear  to  retain  their 
indiriduaiity,  at  least  in  the  foaailB.  The  neurapophyses  narrowing 
to  a  blunt  point  abore  ha^e  beoi  found  ununited  th^,  and  usually 
poshed  or  fallen  asunder,  as  in  the  specimen  of  Mommntrms  JVo^- 
wMnmi  %ured  by  Hoffinann  and  Cuvier  (fom.  ctt  pL  xx.  fig.  14,  aa\ 
CuTier  conjectured  that  the  iq^er  intenpaoe  might  have  been  dosed 
by  a  distinct  piece  (flattened  neural  spineV  as  in  CroeodUim ;  but  no 
part  answering  to  this  was  in  the  Breda  collection,  nor  has  been 
recogniied  in  the  American  ^pedmens.  In  the  latter,  as  in  the 
Maestricht  fossils,  the  atlantal  neurapophyses  are  ununited  above  f. 

Pjfthom  differs  from  AwMyrhymthms  mid  Hffdromwrus  in  the  mack 

•  Monocnipk  on  the  OvepJilm  and  (MJU  of  the  Loodoa  Clay,  p.  591  pL 
xui.  fi|!Sk  S^  ;$d.  ToL  of  Fakoalo^T»phicJ  Societj  for  ISSO. 

t  Prvif.  Copt  vhtas: — **  The  mIaa  oofksitts  of  a  baaal  aod  two  latorml  piios 
only''  (^^  rtt.  p  114V  And  anio  (p.  1±>) :— " The  atlas  raosuta  of  the  tknt 
BMCM.  the  baMd  and  tuo  later^''  He  doet  not  notioe  the  diArential  obwaeter 
in  fyti^m,  nor  reeognaa*  a» Ounper  nghtlrdid,  the  odontoid  ptocMs  m  the 
he^jT  of  the  atlaa  (eoaap  CaTMr,  loe,  cit.  p  330). 
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greater  expanse  of  the  upper  ends  of  the  atlantal  neurapophyses, 
^^rbich  unite  by  bone  to  form  a  broad  subquadrate  platform  above  the 
neural  canal  *.  I  have  not  seen  this  character  of  the  atlas  in  any 
Ijacertian.  Save  in  the  non-union  of  the  apices  of  the  neurapophyses, 
Jkiosasaurus  agrees  closely  in  the  type  of  its  atlas  vertebra  with  that 
order  of  Beptilia. 

Beyond  the  axis,  the  vertebrae  in  most  Lacertilia  offer  well-marked 
modifications.  Those  with  the  diapophyses  and  with  a  hypapophysis 
^wedged  into  the  lower  part  of  the  interspace  between  this  centrum 
and  that  of  the  next  vertebra  are,  in  Amblyrhynchusy  two  in  number ; 
then  comes  a  vertebra  with  a  pleurapophysis  projecting  freely  from 
the  end  of  the  diapophyslB ;  and  the  centrum  continues  to  show  the 
bypapophysial  pit  upon  both  the  fore  and  hind  part  of  its  under 
surface.  At  the  fourth  vertebra  from  the  axis  the  hind  pit  disap- 
pears, the  pleurapophysis  elongates ;  at  the  seventh  vertebra  from 
the  axis  the  pleurapophysis  is  connected,  through  a  hfiemapophysis, 
-with  the  sternum.  If  this  vertebra  be  reckoned  the  first  dorsal, 
then  Amblyrhynchus  has  eight  cervicals ;  if  the  foremost  vertebra 
Tnth  free  pleurapophyses  is  the  first  dorsal,  then  this  Sea-lizard  has 
hut  four  cervicals. 

There  are  eight  vertebrae  which  may  be  called  "  typical "  in  having 
their  haemal  arch  complete ;  and  in  these  it  is  to  be  noted  that  the 
partially  ossified  portion  of  the  rib  is  in  two  parts,  or  formed  by  a 
transversely  divided  haemapophysis.  Then  follow  the  eight  vertebrae 
inth  progressively  shortening  pleurapophyses,  terminated  each  by  a 
free  cartUaginous  portion.  Not  any  of  IJie  trunk-vertebrae  beyond 
the  sixth,  including  the  atlas  and  axis,  has  a  hypapophysis. 

In  Ophidia  the  hypapophysis  is  exogenous.  In  Python  tigris,  with 
291  VOTtebrae,  such  inferior  process  (fig.  24,  hy)  is  present  in  the  74 
anterior  vertebrae.  In  Boa  constrictor,  wiih  305  vertebrae,  a  hyp- 
apophysis IB  developed  in  the  60  anterior  ones.  In  Grotalus  horridus, 
with  194  vertebrae,  168  develop  hypapophyses  as  long  as  the  neural 
spines,  and  all  these  vertebrae  support  movable  ribs.  In  Naia  there 
are  as  many  vertebrae  similarly  characterized.  The  presence  of  the 
long  hypapophysis  in  the  dorsal  vertebrae  of  Laophis  crotahides  sup- 
ported tiie  conjecture  that  it  might  belong  to  the  poisonous  section 
of  Ophidia  t- 

Passing  over  the  two  sacral  vertebrae  of  Amhlyrhynt^us^  we  then 
come  to  the  caudals,  in  which  the  character  and  position  of  the 
haemal  arch  has  already  been  indicated. 

In  Ophidia  the  tail-vertebrae  have  not  the  freely  jointed  haemal 
arch  with  the  concomitant  pits  or  articular  surfaces.  In  Pyihan 
the  caudal  hypapophyses  form  a  transverse  pair  confluent  with  the 
centrum  above,  descending  parallel  to  each  other,  and  terminating 
freely  and  apart  below.  The  transition  from  the  single  hypapophysis 
of  the  trunk-vertebrae  is  made  by  the  bifurcation  of  the  tubercle  to 
which  the  hypapophysis  is  reduced  in  the  hinder  abdominal  vertebrae 

*  Monogr.  CroeodiUa  k  Ophidia^  PaliBontographioal  toI.  for  1850,  pi.  xiy. 
flgi.38,d9. 
t  Quart.  Joum.  Geol.  Soc.  vol.  xix.  p.  197,  pi.  iv.  fig.  3. 
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of  I^thon ;  and  the  pair  of  taberoles  rapidly  elongate  in  tlie  caudal 
series  to  the  proportions  shown  in  figure  42  of  plate  xix.  of  the 
aboTo-cited  Monograplu  Moreover,  in  certain  anterior  candals  d 
Python  regius^  the  di-pleorapophysis  is  bifurcate  (fig.  41,  pL  xix^ 
Monogr.  cit.).  62  ont  of  the  70  caudal  Tertebrae  of  P^fihon  ti^ 
have  each  the  pair  of  parallel  exogenous  hjpapophyses. 

In  CoUiber  natrix  hypapophyses  exist  upon  all  the  Tert^>ne,  of 
which  there  are  170  of  the  neck  and  trunk,  and  40  caudal ;  in  so 
Ophidian  have  I  found  a  chevron*  bone. 

Thus  there  are  well-marked  characters  distinguishing  the  Ophidiaa 
from  the  Laoertian  vertebrae,  which  should  be  brought  to  bear  iqico 
the  question  of  the  affinities  of  the  Mosasaurians. 

The  latter,  as  is  well  known,  agree  with  both  orders  and  witk 
procodlian  crocodiles  in  having  the  fore  surface  of  the  centrum  con- 
cave, the  hind  one  convex.  The  two  vertebrae  which  follow  the 
axis  have  a  single  hypapophysis  (fig.  23,  Ay)  the  terminal  portiaa  of 
which  {hs)  is  distinct,  seemingly  in  the  state  of  an  epiphysik 
Guvier's  figure  1,  pi.  xix.,  shows  the  rough  concave  surface  (A  this 
single  hypapophysis,  to  which  the  free  portion  *  was  attached ;  this  t 
smaller  portion  of  the  hypapophsis  is  free  than  in  Amhlyrk^Hehms^ 
no  portion  being  free  in  Python  or  other  serpents.  Beyond  the  fifth 
of  the  anterior  vertebrae,  including  axis  and  atlas,  in  J/ofcunvi-Ki. 
the  hypapophysis,  after  becoming  reduced  in  size,  disappears,  and  ii 
not  again  developed  f. 

The  diapophysiB,  in  certain  trunk-vertebrae,  shows  a  terminal  sur- 
face for  the  rib.  Prof.  (3ope,  in  his  restoration  of  a  Mosasawra 
(pi.  Iv.),  gives  it  37  pairs  of  ribs,  aU  terminating  freely,  as  in 
Ophidia.  But  I  do  not  find  the  authority  for  this  in  the  special 
descriptions  of  the  fossils  described  by  him  in  situ  i. 

The  diapophyses,  in  Mosasaurus  Hoffmanni^  decrease  in  vertictl 
extent  as  the  vertebrae  recede  from  the  neck,  and  lose,  at  an  unde- 
termined part  of  the  trunk-series,  their  zygapophyses ;  the  centrams 
also  lose  in  length.  The  diapophyses  exchange  their  vertical  for 
transverse  breadth,  and  gain  in  length,  apparently  in  Uie  part  of  the 
trunk  where  the  free  pleurapophyses  cease  ;  and  here,  in  M,  Boff- 
nuritni,  the  centrum  assumes  a  triangular  form.  In  the  tail,  where 
a  haemal  arch  (chevron  bone)  is  articulated,  as  in  AmhlyrhynchMA,  to 
a  pair  of  hypapophyses  near  the  hind  surface,  and  coexists  with  dia- 
pophyses, the  centrum  becomes  pentagonal ;  where  the  diapoj^yses 
disappear  and  the  spine  of  the  haemal  arch  is  prolonged,  the  centrum 
becomes  vertically  ovate ;  further  back  the  haemal  arch  coalesces 
with  the  centrum ;  its  spine  is  grooved  in  front,  and  exceeds  in 
length  the  neural  arch  and  spine  (Cuv.  pi.  xix.  fig.  6),  but  it  gra- 
dually shortens  and  finally  disappears ;  the  centrum  with  a  small 

*  A  homologue  of  hiemal  spine  articulating  to  a  hypapophTsis. 

t  Prof  Cope  states  that "  the  dorsals  have  no  hypapophysis  "  (p.  123),  in 
which  distinction  from  Ophidians  his  supplementary  species  of  Kosasaurians 
agree  with  the  type  species. 

X  He  admits : — "  I  do  not  possess  any  specimen  with  complete  Tertrfjral 
column  •'  (p.  124). 
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<x>al66oed  neural  arch  represents  at  last  the  entire  vertebra.  All 
tliese  modifications,  shown  in  the  plates  of  Cuvier  and  Goldfnss,  are 
repeated  in  the  figures  of  the  vertebree  of  Mosasaurians  in  plates 
xviii.,  xix.,  xx.,  xxi.,  xxiii.,  xxiv.,  xxvi.,  xxvii.,  xxix.,  xxx.,  xxxiv,, 
and  XXXV.  of  Pro£  Cope's  great  work ;  in  every  figure  the  zygosphene 
and  zygantrum  are  absent. 

Id  most  of  these  characters  the  Mosasaurians  retain  the  type  of 
the  Lacertian  vertebrsB,  and  especially  of  the  existing  marine  kinds. 
Where  the  Mosasaurian  vertebrsB  depart  from  that  type,  the  charac- 
ters are  peculiar  to  the  extinct  group.  In  no  genus  are  Ophidian 
modifications  manifested.  In  the  speedy  loss  of  the  zygapophyses 
there  is  a  Cetacean  analogy ;  but  it  is  adaptive,  in  relation  to  the 
locomotion  of  the  great  Sea-lizard. 

A  few  words  on  a  character  which  Prof.  Cope  assigns  to  his  genus 
Olidastes,  viz. : — *'  the  vertebr©  united  by  the  zygosphenal  as  well 
as  the  usual  articulation ;  the  zygosphene  elevated  but  little  above 
the  plane  of  the  zygapophyses  *'*. 

In  the  plates  xviii.  and  xxiii.  given  to  the  vertebra  of  the  species 
sUnops  and  planifrons,  the  parts  and  processes  are,  as  usual,  not 
indicated.  In  plate  xiii.  of  the  '  Monograph  of  the  Eossil  Eeptilia 
of  the  London  Clay'  (Palseontographical  volume  for  1850),  the 
zygosphene  in  Python  and  Iguana  is  marked  zs,  and  the  zygan- 
tmm  za. 

I  subjoin  a  figure  (fig.  23)  of,  apparently,  the  best-preserved  vertebra 


Fig.  22, 


Fig.  24. 


Iguana. 


Python, 


of  Clidastes  stenaps  (Cope,  pi.  xviii.  fig.  4a),  and  corresponding  figures 

*  Op.  eii,  p.  130.  If  Prof.  Cope  oould  spare  me,  out  of  his  abundance  of 
pjthonomorphouB  vertebrse,  one  which  has  the  zygosphene  and  zygantrum,  I 
will,  with  pleasure,  acknowledge  and  figure  the  structure,  and  giye  such  yertebra 
a  prominent  position  in  our  Moeasaunan  cabinet. 

Q.J.G.8.  No.  132.  3  a 
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of  a  vertebra  from  the  same  (fore)  part  of  the  spinal  column  in  aa 
Iguana  (fig.  22)  and  a  Python  (fig.  24).  In  the  two  latter  the  parts 
are  symbolized  by  the  same  letters  as  in  the  monograph  above  cited, 
viz. : — c,  centrum  (anterior  surface  or  cup) ;  n,  neural  canal ;  dj  dia- 
pophysis ;  z,  pra^zygapophsis ;  2S,  zygosphene ;  n  s,  neural  spine ;  Ajf, 
hypapophysis,  with,  in  the  Lacertian  (fig.  22),  the  autogenous  ap- 
pendage marked  7i8,  as  representing  a  haemal  spine.  The  corre- 
sponding letters  are  added  to  the  homologous  parts  in  the  figure  (fig. 
23)  from  Cope  ;  but  I  find  no  place  for  zs  in  that  figure. 

As  the  absence  of  a  sacrum  does  not  affect  the  Mammalian  grade 
of  the  Sirenia  and  Cetacea,  so  neither  does  it  the  Lacertian  nature 
of  the  Mosasaurians.  That  negative  character  is  of  as  little  value  in 
an  advocacy  of  the  Ophidian  affinities  of  the  Ichthyo-  or  Plesio- 
saurians,  as  of  the  same  affinities  of  the  Mosasaurians. 

§  9.  Limbs, — The  determinations  by  Cuvier  of  certain  bones  and 
portions  of  bone  in  the  original  Camperian  collection  of  remains  of 
the  Maestricht  Mosasaur  as  scapula,  coracoid,  pubis,  antibrachial, 
carpal,  and  phalangeal  bones  *,  established  the  capitid  fact  that  it 
was  a  reptile  with  both  scapular  and  pelvic  arches,  and  their 
appended  limbs.  Evidence  had  been  obtained  at  the  date  of  the 
'  Bridgewater  Treatises '  to  enable  Buckland  to  define  these  limbs 
as  '^  flippers/'  like  those  of  the  Plesiosaur. 

The  subsequent  discoveries  of  Professors  Cope  t  and  Marsh  J  have 
confirmed  these  determinations,  and  extended  our  knowledge  of  the 
nature  of  the  limbs  as  natatory  ones,  and  with  phalanges  manifiasting 
the  proportions  of  those  of  the  Plesiosaurs  and  sea-Chelonians  rather 
than  of  the  Ichthyosaurs.  But  the  number  of  digits  in  each  limb 
and  of  the  phalanges  in  each  digit  remain  to  be  determined. 

Sternal  or  epistemal  elements  of  the  scapular  arch  seem  not  to 
have  been  recognized  in  the  American  series  of  fossils ;  but  ample 
evidence  has  been  secured  of  those  parts  of  the  frame  of  ihe  Mosasau- 
rians which  bear  decisively  on  the  question  of  their  rank,  position, 
and  affinities  in  the  B.eptiHan  class. 

Professor  Cope,  in  support  of  his  proposition  that  the  MosasauroidB 
"  present  more  points  of  affinity  to  the  serpents  than  does  any  other 
Older  "  §,  on  which  proposition  he  founds  his  name  Pgthonamarpha^ 
accepts  the  fact  of  their  well-developed  Hmbs  by  the  following 
remark : — "  As  there  are  many  LacertUia  without  limbs  and  some 
serpents  with  them,  their  presence  in  this  order  is  irrelevant  in  this 
connection,  especially  as  the  arches  supporting  them  are  most  like 
those  of  Tortoises  and  Plesiosaurs  "  ||.  But  supposing,  which  is  not 
the  case,  that  the  scapula  of  Mosasaurus  was  like  that  of  a  Tortoise 
or  a  Plesiosaur,  Serpents  have  not  got  such  scapula  or  any  other  ele- 
ment of  the  Umb-bearing  arches. 

*  Tbm.  ct^.  p.  336.  pb.  zix.,  zx. 

t  ProoeedingB  of  the  Boston  Society  of  Natural  History,  Januaiy  1669,  p.  350 
(scapular  arch  and  fore  limb^. 

X  American  Journal  of  Science  and  Art,  June  1871,  p.  472  (pelvis  and  hind 
limbs). 

§  Op,  cit.  p.  126.  I  Ibid.  p.  115. 
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As  to  the  *^  many  Lacertilia  without  limhe,"  the  facts  are  as  fol- 
lows : — 

In  344  genera  of  LaeertUia,  scapular  and  pelvic  arches  with 
well-developed  digitate  fore  and  hind  limhs  are  present  and  func- 
tional in  locomotion  :  in  ahout  23  genera^  the  limhs  are  so  reduced 
in  size  as  to  take  little  if  any  share  in  active  locomotion ;  still  they 
are  limbs,  are  conspicuous  in  most  of  these  as  such,  and  do  not  need 
dissection  to  demonstrate  them.  The  genera  where  they  may  be  termed 
rudiments  are  extremely  few.  The  limbs  are  very  short  in  Chdlcis  and 
Sauropus ;  but  there  they  are,  and  attached,  moreover,  respectively 
to  a  scapular  arch  and  to  a  pelvic  arch.  The  fore  pair  may  be  in- 
conspicuous or  wanting,  as  in  Pseudopus ;  but  the  scapidar  arch  is 
there,  and  the  diminutive  hind  limbs  have  their  pelvic  arch.  Both 
arches,  moreover,  are  represented  in  Lacertians  {Anguis^  Aprasia^ 
e.  g.)y  where  the  limb  appendages  are  gone. 

How  stands  the  statement  that  some  Serpents  have  limbs  ? 

In  certain  Ophidia  dissection  has  revealed  a  small  styliform  bone 
on  each  side  the  cloaca ;  in  a  few  it  is  tipped  with  horn  in  the  shape  of 
a  claw ;  this  is  externally  conspicuous  in  Pi/tJion,  and  is  serviceable, 
where  so  developed,  in  the  act  of  coition.  Whether  these  appendages 
to  the  generative  parts  be  homologous  with  the  "daspers''  of 
sharks,- or  with  the  ventral  fins,  and  if  the  latter,  with  the  hmd  limbs 
of  Lizards,  is  yet  an  open  question  *. 

But  as  unquestionable  fore  and  hind  limbs  are  the  rule  in 
Lacertilia^  and  the  questionable  and  outwardly  visible  rudiments  of 
the  hind  pair  are  exceptional  in  Ophidia,  the  presence  of  both  a 
fore  pair  and  hind  pair  of  limbs  in  the  Mosasauroids  is  relevant, 
and  will  so  be  held,  to  the  problem  of  the  nature  and  affinities  of 
those  marine  BepUlia, 

§  10.  Teeth. — Prof.  Cope,  in  his  characters  of  PytJumomorpha, 
gives,  as  the  17th : — "  The  teeth  possess  no  true  roots  "  t.  In  the 
subsequent  descriptive  expansion  of  this  character,  he  writes : — '^  The 
crowns  are  covered  with  enamel,  and  their  forms  indicate  the  carni- 
vorous habits  of  these  reptiles  "  :t. 

The  teeth  of  Mosasauroids  have  an  enamelled  crown  and  cement- 
dad  root.  The  enamel  develops  a  pair  of  opposite  low  ridges 
which  are  minutely  crenate :  the  crenation  becomes  abraded  at  the 
apical  part  of  used  teeth,  but  is  demonstrated  in  unworn  and  unex- 
tricated  crowns.  Many  Saurians,  both  Crocodilian  and  Lacertian, 
show  the  creno-bicarinate  character ;  but  no  Ophidian  does.  I  do 
not  dwell  upon  the  formal  differences  between  the  Mosasauroids  and 
Ophidians  in  the  proportions  of  length,  breadth,  and  thickness  of 
the  dental  crown,  the  structural  difference  being  more  decisive.  The 
speedy  confluence  of  the  radical  cement  with  the  surrounding  bone, 
and  the  thickness  of  the  osseous  mass  so  resulting  and  forming  the 
broad  conic&l  base  of  the  tooth,  are  features  of  resemblance  te  the 
Lacertians  called  *^  acrodont ;"  but  the  way  and  degree  in  which  the 

*  "Some  cold-blooded  yertebrates,  e.a.  Morsenoids  and  OjphidianB,  haye 
neither  fore  nor  hind  limbs.'* — Anat.  of  Vertebrates,  vol.  i.  p.  ITV. 
t  (^.  cU,  p.  114.  }  Op.  eU.  p.  116. 

3a2 
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acnxkmt  ehander  is  derdoped  in  the  dentitioii  of  the  ] 
are  a  funily  charactmBtic.  The  root,  as  well  as  crown,  is  derdtped 
befiffe  the  suoeessional  tooth  is  extricated  or  protraded.  Caa^ 
obaored  and  ri^tlj  noted  this  f&ct :  '^  A  small  seeondazy  tooth  m 
feciBed  complete  with  its  enamel  and  solid  root  in  the  OBseoos  sobstafifit 
of  the  temporary  tooth." 

§  11.  Slcin. — In  the  'American  Joonial  of  Science  and  Arbk' 
A|viL  1S72,  Prof.  Marsh  annonnced  his  discorery  of  fossilized  dc^mii 
scutes  in  Mosasauroid  reptiles;  thdr  preserration  in  a  petrified 
state  implies  their  osseons  basLs ;  and  their  imbricat'e  arrangenxst 
and  dimensions  are  noted.  The  ejadermal  layer  which  thej  pro- 
bahlr  supported  wonld  add  to  their  thickness.  This  discoTery  aM 
an  important  element  in  determining  the  affinities  of  AfoKuamnm^ 
especttlly  within  the  limits  of  the  present  inqniry.  The  aeales  ia 
certain  Laeertilia  have  a  bony  boas.  In  all  Ophidia  tkey  an 
epidermal  only,  and  unfossilizable. 

§  12.  Oondutian, — ^The  foregoing  comparisons  lead  to  a  letrospec^ 
tire  ^anee  at  the  period  when  any  evidence  of  the  extreme  modifica- 
tion of  the  Beptihan  type  to  which  ihe  term  "  ophidian  "  can  be 
intelligibly  given,  has  been  recognized. 

I  am  not  cognizant  of  snch  prior  to  the  T^tiary  epoch.  Tliert 
are  indications  of  angoiform  Sanrians  in  the  lithographic  slates :  and 
the  ZMiehosaurHS*  of  the  Chalk  shows  a  number  of  tmnk-Tertebi* 
equalling  those  of  the  snake-like  Lacertians  (I^ntdopuSj  OpkL 
«.  ^.) ;  bnt  gennine  ophidian  characters  are  wanting.  They 
first  made  known  to  tbe  writer  by  the  Tertebrae  of  BaJmfpku  from 
the  London  and  Bracklesham  clays. 

Characters  which  have  been  noted  as  lacertian  modifications  of  the 
Beptilian  class  begin  to  appear  pretty  early  in  the  series : — the  parial 
hypapo{diyses  of  the  basioccipitalt  for  example ;  the  bony  connex- 
ion of  the  paroccipital  with  the  exoccipital,  forming  the  long  and 
strong  beam  of  bone  extending  from  the  side  of  the  occiput  to  abut 
against  the  mastoid  and  tympanic  t;  the  posterior  bifiircation  d 
the  parietal,  the  prongs  of  which  diverge  and  support  the  mastoids  §  ; 
tbe  foramen  parietale  n ;  the  length,  slendemess,  and  elevated  posi- 
tion of  the  zygoma,  the  fore  pier  of  which  arch  is  formed  by  both 
maxillary  and  post£rontal,  and  the  hind  pier  by  the  mastoid  and 
upper  end  of  the  tympanic  f :  all  these  cranial  characters  are  com- 
bined with  those  of  the  theriodont  and  anomodont  orders  in  the 

•  Dixon's  *  Geology  of  Sumo,*  Ac,  1850,  p.  389. 

t  Dicyt'odom  la*-rrfurps.  *  Descriptiye  and  I1Iu8tr»ted  CaUlogiie  of  tbe  Fonil 
Beptilia  of  South  Afhca,'  1876,  pL  mii.  fig.  3,  I'.  I';  D,  i€omiccps,  ibid.  pL  xin. 
fig- 2.1.1'. 

I  P^yrA/xTW/i'***.  ibid.  pi.  xlri.  fig«.  1  &  2,  8,4. 

J   OwUnodoH,  ibid,  pi  Ix.  fig.  2,  7, 8. 

I  GaUjvmrus.  ibid.  pi.  xriii.  fig.  8,  r*  Cuvier  notes  a  liassic  instance  of  Uus 
character  in  his  cLiasioal  chapter  on  the  Momuaunu : — *'  On  doit  remarquer  oa 
trou  qui  est  naturellement  perc^  dans  le  parietal  a  peu  pres  rers  le  milieu,  et  qui 
•e  retrouT^m  dans  beaoooup  d  autres  saunens,  et  jnsque  dans  VIMkjfommrm,"' 

Y  Oudenodtm,  ibid.  pi.  Iz.  fig.  1,  21.  U  26.  >7, 8. ». 
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Triassio  Reptilia  of  South  Africa.  Some  of  these  now  lacertian 
peculiarities,  combined  with  ichthyo-  and  plesio-saurian  ones,  are 
carried  on  to  Cretaceous  times.  Between  the  orders  manifesting 
such  combinations  and  the  Mosasaurians,  links  are,  indeed,  stiU 
^wanting;  but  bo  much  as  is  now  known,  fragmentarily,  of  the 
Cretaceous  Polyptychodon^  indicates  one  of  the  transitional  steps. 
The  portion  of  skull,  at  least,  which  is  figured  in  t.  iv.  fig.  1  of 
tbe  Monograph  of  Cretaceous  Reptilia,  in  the  volume  of  the  Palffion- 
tographical  Society  for  ]  860,  shows  the  lacertian  hinder  bifurcation 
of  the  parietal,  the  articulation  of  the  long  prongs  with  the 
mastoids,  and  of  the  mastoid  with  the  posterior  part  of  the  long, 
upper,  slender  zygomatic  arch.  The  foramen  parietale,  more- 
over, is  exhibited,  and  under  the  Amblyrhynchian  modification,  viz. 
its  perforation  at  the  suture  between  the  parietal  and  frontal 
bones. 

In  not  one  of  the  steps  by  which,  in  those  old  and  more  or  less 
generalized  reptilian  forms,  purely  lacertian  are  associated  with 
crocodilian  or  chelonian  characters,  and  with  others  that  have  passed 
away,  is  there  a  single  strictly  or  truly  ophidian  modification.  I 
have  sought  for  such  in  vain  in  the  evidences  of  the  Mosasaurians, 
where  the  lacertian  characters  predominate ;  and  when  these  are 
departed  from,  as  in  the  simplification  of  the  neural  arch  through 
loss  of  the  zygapophyses,  in  vertebrae  beyond  the  middle  of  the 
trunk,  the  great  Cretaceous  Sea-lizard  looks  whaleward  rather  than 
snakeward. 

If  I  were  to  hazard  a  guess  as  to  any  antecedent  form  leading 
toward  the  earliest  certainly  known  Ophidian,  viz.  the  pythonio 
and  perhaps  marine  forms  of  the  Eocene  period,  it  would  be  the 
Dolichosaurus  of  the  white  Chalk  of  Kent  that  would  suggest  itself. 
In  this  extinct  form  as  many  as  57  vertebrae  appear  to  have  inter- 
vened between  the  skull  and  the  sacrum.  But  the  sacrum  exists, 
and  there  are  likewise  scapulae  and  humeri.  The  vertebrae,  more- 
over, as  in  Mosasatirus,  retain  the  lacertian  character  of  zygapo- 
physes and  of  the  absence  of  the  hypapophysis  in  the  anterior  and 
succeeding  trunk-vertebrae. 

No  true  ophidian  characters  have  been  found  in  any  fossils  indi- 
cative of  a  serpent  exceeding  in  size  the  largest  of  the  Constrictors ; 
and  these  existing  giants  of  the  ophidian  order  are  terrestrial.  The 
average  length  of  the  existing  Sea-serpents  (Hydrophidae)  is  3  feet ; 
and  the  experienced  herpetologist,  Dr.  Giinther,  F.R.S.,  informs  me 
that  he  has  seen  no  specimen  of  the  family  which  exceeded  8  feet 
in  total  length. 

But  the  Lacertian  modification  of  the  reptilian  class  continued  to 
be  represented  as  lately  as  the  drift-period  in  Australia  by  a  genus 
(Mfgalania)*  of  which  I  have  now  before  me  dorsal  vertebrae 
measuring  5  inches  2  lines  in  transverse  diameter,  5  inches  9  lines 
in  vertical  diameter.     A  comparison  of  such  vertebrae  with  the  ad- 


♦  PhU.  Trans.  1858,  p.  43,  pi.  vii. 
t  Op.  eit.  pp.  135  and  137. 
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measurements  given  by  Prof.  Cope  of  a  dorsal  Tertebia  of  lib 
Clidasies  planifrwiSy  wMch  he  calls  "  a  large  spedes,"  is  in  faToor  of 
the  quaternary  lizard : — 

AdmeasuremenU  of  Trwnk-verUhnx. 

Length  of  a  median  dorsal  oentrom (H)72         0090  0083 

Width  of  the  ballof  a  median  donal  centrum...    (H)48         0-060  OOIO 

De^th     „        „  .,  „  „       ...    (HMO         0<M8  (H»9 

Megalania,  like  Ambl/yrhynckm^  may  have  been  a  lizard  of 
aquatic  habits  ;  but  evidence  of  the  limbs  has  not  yet  been  obtained. 

Thus  Mosamurusy  as  a  Lacertian,  is  represented  by  a  sncoeesor  of 
similar  dimensions ;  as  an  Ophidian  it  has  shrunk  to  the  insignifi- 
cant proportions  indicated  in  the  preceding  Table,  unless  the  ^'  great 
sea-serpent "  of  our  newspapers  should  establish  its  claims  for 
admittance  into  the  scientific  catalogue. 

But  fiize^  of  course,  is  no  criterion  of  affinity ;  and  if  a  marine 
animal,  scientifically  entitled  to  be  called  '^  serpent"  shoold  be 
discovered  of  a  size  surpassing  the  hugest  Moscisaur,  it  would  not 
affect  the  Cuvierian  determination  of  the  great  Sea-lizard  of  the 
Cretaceous  period. 

To  what  are  such  forms  as  the  PUosaur  and  Geosaur  tending  or 
pointing,  from  their  upper  Jurassic  scene  of  life  ?  To  the  special 
Ophidifm  or  the  special  Lacertian  modification  of  their  cold-blooded 
class? 

Hardly  to  the  Serpents ;  for  these  are  themselves  plainly  modi- 
fications of  an  already  specialized  Lacertian  group;  they  are  a 
still  more  specialized  offishoot  from  the  common  Saurian  stem.  We 
trace  the  transition,  or  recognize  signs  of  such  passage  in  Puudifpui^ 
AnguiSy  &c. 

The  nearest  of  kin  to  the  Oeosaunu  of  the  Lower  Eimmeridge 
of  Monheim,  and  to  the  Leiodon  of  the  Upper  Eimmeridge  or  Port- 
landian  Marls  of  Portel,  are  the  Mosasaurians  of  the  Chalk. 

These  Beptiles  plainly  mark  a  progress  to  a  more  specialifod 
Saurian  t3rpe,  which  prevaOs  in  the  present  life-world  under  the 
manifold  modifications  of  the  great  Lacertian  order. 

While  retaining  the  marine  habits  and  mode  of  motion  of  the 
Pliosaurs  and  Polyptychodonts,  the  Mosasaurians  show  not  a  sin^ 
step  toward  the  Airther  and  extremer  modifications  exemplified  in 
the  probably  marine  and  unequivocal  Ophidian  genera  of  the  Eooeoe 
period. 

'  To  call  the  Maestricht  reptile  a  "  Pythonomorph  "  is  to  raise  a 
delusive  beacon,  misguiding  the  voyager  in  the  discovery  of  the  true 
course  of  organic  change.  When  the  Mosasaurians  "  tempested  the 
ocean  '*  the  time  of  the  sea-snakes  had  not  yet  come. 

Professor  Cope,  rejecting  the  determination  deduced  from  the 
facts  submitted,  affirms  (after  a  summary  of  the  characters  which  he 
ascribes  to  the  osseous  and  dental  systems  of  his  Pytlumomorpka) 
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*^  that  they  poesess  more  affinity  to  the  serpents  than  does  any  other 
order '»•. 

To  this  I  respond  that  the  fossil  evidences  of  the  Mosasanrians 
bitberto  made  known  do  not  yield  a  single  character  peculiar  to  and 
characteristic  of  the  Ophidian  order. 

In  the  single  occipital  condyle  and  the  composite  stractore  of  the 
mandible  the  Mosasanrians  are  ReptUian ;  in  tiie  procoelian  vertebrso 
they  accord  with  the  existing  representatives  of  the  class ;  in  the 
double  occipital  hypapophysee,  in  the  bifurcate  and  perforate  parietal, 
in  the  columella,  in  the  composite  formation  of  the  suspensory  joint 
of  the  tympanic,  in  the  type  of  the  tympanic,  in  the  frame  of  the 
pcmal  nostrils,  in  the  composition  of  &e  mandible,  and  in  the 
Btmcture  and  attachment  of  the  teeth  they  are  Lacertian ;  in  one 
special  dental  modification  they  are  Iguanian  ;  in  another  they  are 
Monitorial,  In  the  broad  cemental  basis  of  the  enamelled  tooth, 
in  the  more  extensive  fixation  of  the  pterygoids  and  ossification  of 
the  roof  of  the  mouth,  in  the  large  proportion  of  the  vertebral 
column  devoid  of  zygapophyses,  in  the  confluence  of  the  hsemal 
arch  with  the  centrum  of  certain  of  the  caudal  vertebrae,  in  the 
natatory  character  of  the  fore  and  hind  limbs  they  are — what  they 
ore — ^viz.  Mosasaurian. 

Are  they  entitled,  through  the  last  category  of  modifications,  to 
the  rank  of  an  order  in  the  reptilian  class  ? 

The  order  Lacertilia,  in  the  class  Eeptilia,  is  a  taxonomic  equiva- 
lent of  the  order  Camivora  or  EersB  in  the  mammalian  class. 

In  the  EersB  there  is  a  group  which,  by  modifications  of  the 
skull,  teeth,  vertebrae,  and,  especially,  limbs,  takes  rank  as  a  suborder 
or  subordinate  group,  viz.  the  Pinnipedia  or  PhocidaD.  I  estimate 
the  Mosasanrians  in  the  Lacertian  order  to  be  equivalent  to  the 
Seals  in  the  Ferine  order ;  and  I  concur  with  the  judicious  and  ex- 
perienced palaeontologist  Paul  Gervais  in  correlating  his  group 
Mosasauridae,  in  the  Lacertian  order,  as  to  taxonomic  value,  with 
his  Iguanodontidae  and  Megalosauridae  in  the  Dinosaurian  order  f. 

In  conclusion,  I  may  confess  that  I  should  hardly  have  been 
moved  to  trouble  the  Society  with  facts  so  familiar  to  my  palaeonto- 
Ic^cal  colleagues  had  it  not  been  for  a  stray  reference  to  '*  Pyihono- 
morpha  "  in  the  excellent  "  Address  '*  to  which  we  listened  at  the 
last  Anniversary  with  so  much  pleasure,  from  our  esteemed  and 
accomplished  President. 

»  Op.  cit  p.  126. 

t  *'Ge6  genres  et  plusieurs  aatrefl  qui  Ten  rapprochent,  paraissenfc  oonstituer 
trois  families  distinctes,  toutes  absolument  ^trang^res  auz  faunes  post-oretac^, 
et  que  je  distingue  par  les  noms  de  Mosasaurida,  Megalosaurida,  et  Iguanodon- 
tid€B,**—Extraif.  des  Compfes  Rendus  des  sSances  de  VAcad&mie  des  Sciences, 
tom.  xxxri,  stances  des  28  feyrier  et  14  mars,  1853,  p.  5. 
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87.  On  tJie  Vertebral  Colttmut  and  Peltic  Bokes  of  Puosaubtb 
EvAKM  (Seeley),  from  the  Oxford  Clay  of  St.  I^bottb,  in  «^ 

WOODWARDIAN   MvSBinC  of  the  UNITBRSnT  of  CAlTBRIDaK.       Bj 

Harry  Gotier  Seelby,  r.L.S.,  Esq.,  F.G.S.,  &c.,  ProfeaBor  «f 
Geography  in  King's  College,  London.   (Read  Mait^  7,  1877.) 

Knowing  how  many  Plesiosaurian  genera  have  left  their  renuiiis  in 
the  great  Pelolithic  system  formed  by  the  Oxford  Clay,  Ampthill 
day,  and  Kimmeridge  Clay,  and  that  triangular  teeth  have  not  beea 
obtained  from  the  Oxford  Clay  of  St.  Neotts,  some  amount  af  indeci- 
sion may  be  justifiable  in  the  generic  determination  of  this  gpecae^ 
Nevertheless  the  cervical  and  dorsal  vertebrae  closely  reaembUe  in 
typical  characters  those  of  Pliosaurs  from  the  Kimmeridge  day  ;  mmd 
I  do  not  detect  in  them  or  in  the  pelvic  bones  indications  of  ap- 
proximation to  the  known  characters  of  any  other  genus. 

The  remains  are  from  the  well-known  pit  in  the  lower  part  of  the 
Oxford  Clay  at  Eynsbury,  near  St.  Neotts,  which  yields  Ammoniia 
Duncani,  A,  Lamberti,  A.  coronatus,  &c.  They  comprise  thirty-eeren 
vertebrae  in  sequence,  of  which  twenty  are  cervical  and  about  sixtoen 
dorsal ;  and  there  is  one  pubic  bone  and  one  ischium.  But  the  vertebral 
bones  were  obtained  at  a  former  period,  and  the  pelvic  bones  after 
an  interval  of  some  years.  We  owe  the  discovery  and  pres^-vatkm 
of  these  fossils  to  J.  J.  Evans,  Esq.,  of  St.  Neotts,  who  presented 
them  to  the  University  of  Cambri^e ;  and  it  is  in  honour  of  the 
discoverer  that  I  propose  the  species  should  be  named. 

The  Atlas  and  Axis  (figs.  1,  2). 

These  vertebrse,  though  in  dose  contact,  do  not  appear  to  have 
been  ankylosed  together.  They  have  lost  their  neund  arches,  like 
all  other  Pliosaurian  vertebrse.  A  large  subvertebral  wedge-bone 
beneath  the  atlas  (c)  projects  forward  to  form  the  lower  half  of  the 
atlantal  cup ;  and  behind  this,  so  as  to  be  continuous  with  it,  was  a 
second  subvertebral  wedge-bone,  lost  before  fossilization,  whieh 
reached  backward  to  within  4  of  an  inch  of  the  posterior  border  rf 
the  axis.  The  extreme  length  of  the  two  centrums  along  the  neural 
canal  is  3^  inches,  each  vertebra  measuring  about  1^  inch,  while  they 
are  parted  by  an  interspace  of  ^  inch.  The  antero-posterior  extent 
of  the  basal  border  to  the  margin  of  the  anterior  wedge-bone  is 
4  inches,  of  which  the  wedge-bone  occupies  1|  inch.  This  wedge- 
bone  has  its  anterior  outline  convex;  and  its  posterior  margin,  which 
is  subparallel,  is  gently  concave.  The  extreme  transverse  measure- 
ment of  the  bone  is  2^  inches.  Externally  (that  is,  inferiorly)  it  is 
convex  from  side  to  side,  and  slightly  convex  f^m  front  to  back :  it  has 
a  small  median  posterior  eminence,  and  a  prominence  where  it  termi- 
nates on  each  side.     The  superior  or  atlantal  surface  of  the  wedge- 
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bone  k  deeply  concave  from  side  to  side,  nearly  flat  from  within 
outward,  with  the  articular  surface  directed  outward  and  downward 
BO  as  to  meet  the  inferior  external  surface  in  a  rounded  border.  Its 
antero-posterior  extent  in  the  middle  is  1^  inch,  but  becomes  less 
laterally.  The  line  in  which  it  joins  the  atlas  is  concave,  but  is  in 
a  vertical  plane. 

On  each  side  the  wedge  bone  terminates  superiorly  in  a  flattened 
triangular  surface,  to  which  were  attached  the  bases  of  the  neural- 
arch  elements.  The  neural- arch  bones  are  not  preserved.  Each 
had  a  broad  union  with  the  atlas,  which  widens  laterally  (6,  fig.  2) 
from  }  inch  below  to  the  entire  width  of  the  centrum  superiorly. 
These  surfaces  look  obliquely  outward,  forward,  and  upward,  and 
therefore  have  a  tendency  to  converge  upward  and  forward,  where 
they  are  -J-  inch  apart  at  the  anterior  margin  of  the  neural  canal  (d. 

fig.  1). 

Fig.  1. — Anterior  aspect  Fig.  2. — Left  side  view  of  Atlas 

of  Atlas,  I  nat.  size.  and  A.vis,  |  nat.  size. 

d 


a.  Articular  face  of  centrum.  c.  Subvertebral  wedge-bone. 

b.  Surface  from  whicli  the  neural  d.  Base  of  neural  canal. 

arch  has  come  away.  e.  Articulation  for  rib. 

The  neural  surface  is  1^  inch  wide  posteriorly,  slightly  concave 
from  side  to  side,  and  has  vascular  foramina  on  its  lateral  margins — 
three  conspicuous  foramina  on  the  left  side,  and  smaller  foramina 
on  the  right  side. 

The  anterior  face  of  the  centrum  (a)  is  necessarily  small  and  four- 
sided  ;  but  it  has  a  subtriangular  aspect,  owing  to  the  shortness  of  the 
superior  margin  of  the  neural  canal  and  the  width  of  the  wedge  bone 
forming  its  curved  base.  It  is  concave  and  deepest  in  the  centre, 
though  not  much  impressed. 

The  extreme  width  of  the  centrum,  just  behind  the  neurapophysial 
facets,  is  rather  less  than  3j  inches.  The  lateral  non-articular 
surfaces  of  the  centrum  (fig.  2)  are  below  these  points ;  they  are 
small  and  subtriangular,  about  ^  inch  from  side  to  side,  and  If 
inch  fit)m  above  downward. 
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The  axis  is  not  so  well  preserved  as  the  atlas,  bein^  a  IMt 
weathered  on  the  neural  surface  and  a  little  omshed  on  ihe  po^tencr 
part  of  the  basal  snr&oe ;  it  is  a  transverse  ellipse,  2^  ini^es  wide 
posteriorly  and  2^  inches  deep.  The  articolar  snrfaoe  is  ooneKfe, 
and  terminates  laterally  in  a  slightly  bevelled  border. 

The  lower  part  of  the  side  of  the  oentrom  has  an  artdcolation  for  a 
rib  («,  fig.  2).  The  facet  is  on  a  level  with  the  base  of  the  oentzun, 
and  looks  outward  and  somewhat  downward.  Its  pedicle  is  sli^tly 
elevated,  subquadrate,  and  separated  from  a  very  small  supmx 
fJBuybt  by  a  narrow  groovo ;  it  does  not  reach  within  ^  inch  of  the 
posterior  border  of  the  centrum. 

Other  Cervical  Vertd>r€g  (figs,  3,  4). 

As  the  cervical  vertebrae  succeed  each  other  backward  they  ineremBe 
slightly  in  size  and  length,  but  do  not  appear  otherwise  to  materiaDy 
change  their  characters,  except  in  the  gradual  elevation  of  tlie  arti' 
cular  facet  for  the  cervical  rib. 

The  third  cervical  has  the  centrum  24  inches  deep  and  3  inches 
wide  in  front.  The  margin  of  its  articular  face  is  conspicnooslT 
bevelled.  The  base  of  the  centrum  is  marked  with  a  mediisn  ridge, 
between  which  and  the  pedicles  for  the  ribs  are  depressed  areas,  eacb 
showing  in  the  centre  a  vascular  perforation. 


Fig.  S.— Right  Side  of  Fourth 
Cervical  Vertebra^  showing 
the  divided  articulation  for 
the  rib  ;  J  nat.  size. 


Fig.  4. — Posterior  Articular  Stafaee 
of  Centrum  of  Fourth  Cervical 
Vertebra ;  1^  nat.  size. 


The  pedicles  for  the  ribs  are  IJ  inch  deep,  1^  inch  wideVhcw 
widest,  and  divided  into  two  subequal  parts  by  a  transverse 
groove;  each  of  these  articular  areas  is  deeply  concave.  The 
antero-posterior  measurement  of  the  centrum  on  the  neural  canal  is 
1 J  inch ;  but  it  is  rather  longer  at  the  baee.  The  articular  face  of 
the  centrum  is  somewhat  concave,  and  has  in  its  centre  a  puncture- 
like depression. 

The  sixth  and  seventh  are  adherent  vert<?bne,  with  portions  of 
displaced  neural  arch  and  cervical  ribs  preserved.     They  have  the 
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jlesof  the  neorapophyses  strong  and  ovate  in  section  and  mode- 
f  compressed  from  side  to  aide,  and  thus  &r  different  from  the 
(il  neoral  aroh  in  £immeridge-<2lay  species  of  Pliosaurus.  The 
J  spine  is  not  preserved.  GHie  rib  has  a  divided  articular  head, 
vo  parts  being  separated  by  a  transverse  groove. 
)  rib  is  1|  inch  long,  is  compressed  from  above  downward, 
ind  more  so  to  its  extremity ;  and  it  is  compressed  from  side  to 
at  at  its  iree  end  expands  horn  behind  forward.  The  proximal 
U  inch  deep;  the  distal  end  is  1|  inch  wide. 
eleventh  cervical  has  the  centrom  If  inch  long,  2|  inches 
md  3|  inches  wide  transversely  on  the  posterior  face.  The 
IT  sortaoes  for  the  nenral  arch  are  more  horizontal,  somewhat 
9r;  and  each  is  distinctly  f oar-sided.  There  is  a  large  oval 
'  impression  adjoining  the  middle  of  the  neurapophysifd  facet 
side. 

adicles  for  the  ribs  are  more  elevated,  though  still  less  than 
nch  high;  they  are  nearer  to  the  posterior  margin  of  the 

The  base  of  the  centrum  is  already  becoming  more  rounded 
)  to  side, 
venteenth  vertebra  has  the  articular  face  of  the  centrum 

broad  and  nearly  3  inches  deep.  It  is  of  more  elliptical 
ban  the  preceding  vertebrsB,  and  has  the  articular  face 
it  preserves  the  central  depression.  The  antero-posterior 
ent  at  the  base  is  l|f  inch.  The  base  has  become  more 
)m  side  to  side,  and  measures  transversely,  between  the 
le  pedicles  for  the  ribs,  2^  inches.  The  articular  faces  of 
cles  are  vertically  ovate,  1 J  inch  deep,  l-i^  inch  wide, 
id  without  any  tnOce  of  division ;  so  that  the  head  of  the 
)W  be  presumed  to  have  become  single.  The  articular 
le  neuiul  aroh  are  relatively  narrower,  and  the  width  of 
face  of  the  neural  canal  is  greater,  than  in  the  preceding 

vertebra  has  the  rib  preserved  in  contact  with  the  centrum; 

end  has  an  elevated  tuberde  such  as  would  fit  into  the 
>n  the  corresponding  pedicle  on  the  side  of  the  centrum, 
ut  the  last  true  cervical  vertebra ;  for  in  the  20th  the 
for  the  rib  has  risen  so  high  as  to  be  partly  supported 
J  arch.  The  base  of  the  centrum  has  necessarily  become 
3onvex  from  side  to  side.  The  face  of  the  centrum  is 
p.      The  21st  vertebra  also  has  the  rib  partly  on  the 

partly  on  the  neural  arch;  and  therefore  these  two 
ween  the  neck  and  the  back  form  the  region  named 

Dorsal  Vertebras  (figs.  5,  6). 

centram  may  be  regarded  as  the  first  dorsal.  The 
articular  face  has  become  much  more  nearly  circular, 
?s  deep,  and  3f  inches  wide.  The  articular  faces  are 
o,  -witli  a  large  ill-defined  eminence  below  the  middle — ■ 
o  seen  in  subsequent  vertebreD.     The  centrum  is  com- 
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pressed  from  side  to  side  below  the  attachment  of  the  nennl  nek. 
The  width  of  the  fiacet  for  the  neurapophysis  is  1^  inch.  The  antero- 
posterior measurement  of  the  centrum  is  2|  inches.  The  lateral « 
visceral  surface  pf  the  centrum  now  becomes  more  perfectly  rowM. 


Fig.  5.—  View  of  the  Right  Side 

of  the  First  Dorsal  Vertebra, 

^  nat.  size. 


Fig.  6. — Posterior  Aspect  of  ike  Pint 
Dorsal  Vertebra,  |  nat.  oie. 


a,  Sutural  surface  for  the 
neural  arch. 


a.  Interspace  between  the  articular  fact 
of  the  centrum  and  the  neurai  anciu 


from  side  to  side.  There  are  (on  the  29th)  two  rounded  vascular 
foramina  on  the  base,  separated  by  an  interspace  of  an  inch  to  an 
inch  and  a  half.  The  neurapophyses  i^proximate  nearer  together, 
being  2§  inches  apart  in  outside  measurement. 

The  84th  vertebra  has  the  centrum  2\^  inches  long,  with  the 
anterior  articular  face  3j^  inches  deep,  and  3|  inches  wide ;  it  i« 
nearly  flat.  There  is  a  decided  forward  hang  of  the  upper  part  of 
the  centrum,  as  in  the  dorsal  vertebras  of  Pliosaurs  from  the  Kim- 
meridge  Clay;  and  the  centrum  still  has  its  greatest  antero-pos- 
terior  measurement  below  the  middle,  though  the  swelling  of  the 
bone  on  the  articular  faces  in  that  position  has  disappeared. 

The  three  remaining  dorsal  vertebrae  are  badly  preserved. 

If  this  animal  be  generically  identical  with  the  larger  Ximmeridge- 
clay  Pliosaurs,  it  makes  known  for  the  first  time  the  number  d 
vertebne  in  the  neck  in  that  genus,  and  the  modifications  of  cha- 
racter which  the  cervical  vertebne  undergo,  and  also  shows  the 
relative  size  of  the  neck-vertebrse  to  those  of  the  back. 

Os  Pubis, 

The  bono  which  I  regard  as  a  right  os  pubis  of  Pliosaurus  Ei^ansi  is 
of  oblong  form,  is  very  thin  except  in  its  articular  portions,  and  is 
preserved  upon  the  original  slab  of  clay  on  which  it  was  found  and 
forwarded  to  Cambridge  by  Mr.  Evans. 

The  transverse  diameter  of  the  bone  at  the  femoral  articulation  v 
14|   inches.     This  posterior  outline  consists  of  two  portions :— an 


Digitized  by  VjOOQIC 


A5D  PBLTIC  BONBS  OF  PLI08AX7BUS  BY  ANSI.  721 

oternal  concave  margin  about  7^  inches  long,  which,  with  the 
Mihiom,  enclosed  a  foramen ;  and  a  thick  external  area  slightly 
DDvex  in  length,  about  7^  inches  long  and  about  3^  inches  deep 
1  the  middle.  The  inner  half  of  this  area  presumably  gave  a 
TODg  attachment  to  the  ischium,  while  the  outer  half  contributed 
ith  the  adjacent  surface  of  the  ischium  to  form  the  articular  cavity 
T  the  femur. 

The  inner  margin  of  the  bone,  which  adjoined  the  other  pubic 
me  in  the  median  line  of  the  body,  has  a  length  of  about  21^  inches. 

is  not  straight,  but  subconvex,  making  an  angular  bend  in  the 
iddle,  where  for  the  length  of  about  7  inches  the  bone  thickens 
oderately  to  form  an  articular  surface  for  union  with  the  pubic 
DC  of  the  opposite  side. 

The  anUrior  margin  is  nearly  straight,  is  11  inches  long,  and 
ry  thin.  The  greatest  length  of  this  bone,  from  the  middle  of 
8  margin  to  the  posterior  angle  of  the  articulation  for  the  ischium, 
22  inches. 

rhe  earternal  margin  is  about  4  inches  shorter.  It  consists  of: — an 
;erior  portion  10  inches  long,  convex  in  outline  from  front  to  back, 
i  terminated  by  a  cartilaginous  margin ;  and  a  posterior  portion 
cave  from  front  to  back,  which  terminates  in  a  perfectly  ossified 
nded  border :  these  two  portions  make  an  angle  with  each  other. 
The  surface  of  the  bone  is  evenly  flattened,  except  at  the  inner 
Lerior  comer,  where  it  is  conspicuously  compressed, 
liere  is  a  close  correspondence  in  form  between  this  bone  and 
still  larger  pubic  bones  of  Pliosaurs  from  the  Eimmeridge  Clay 
2y. 

The  Ischium  (figs.  7-9). 

his  bone  when  found  was  a  good  deal  crushed ;  and  coming  to 
Woodwardian  Museum  at  a  time  when  I  was  absent,  no  record  is 
table  of  the  outline  of  the  very  thin  broken  posterior  portion, 
preservation  of  which  was  found  by  Mr.  Keeping  to  be  imprac- 
de;  but  I  should  infer  that  the  missing  portion  completed  a 
[let-shaped  outline  (^g.  7).  As  preserved  the  extreme  length  of 
)one  is  18  inches  ;  when  perfect,  I  estimate  its  extreme  length, 
e  median  line  where  the  ischiac  bones  joined  each  other  in  a 
^ht  union,  to  have  been  about  23  inches.  Its  greatest  posterior 
1  waa  about  20  inches,  near  to  the  hindermost  border  of  the 
;  the  greatest  anterior  width  is  13  inches,  just  behind  the 
rail  articulation.  Externally  between  these  points  the  lateral 
Ln  is  deeply  concave.  At  the  articular  surfaces  for  the  femur  and 
the  bone  becomes  greatly  thickened,  as  usual  (fig.  8).  The  length 
these  surfaces  is  8  inches.  The  femoral  area  is  the  larger, 
4j|  inches  long  and  3|  inches  thick ;  it  is  very  slightly  con- 
n  length,  makes  about  a  right  angle  with  the  adjacent  posterior 
1  border,  and  makes  a  very  large  angle  with  the  pubic  articu- 
,  Trhich  is  more  compressed  from  above  downward. 
)  anterior  margin  is  9|  inches  from  the  pubic  articulation  to 
edian  suture  of  the  body.    This  margin  is  concave  externally 
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Fig.  7. — Left  Ischium^  drawn  90  as  to  show  the  Median  iStctvne,^  mi 
size.     (The  posterior  part  of  the  bone  restored  in  oatHDe.) 


a.  Pubic  surface.  b.  Femoral  surface. 


c.  Median  sutttie. 


Fig.  8. — Ischium. 


Fig.  9. — Ischium. 


a.  Pubic  Butural  surface. 

b.  Femoral  articular  surface. 


Median  articular  surface. 
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and  imperfeot  internally,  where  it  is  very  thin  and  extends  farther 
forward  than  the  outer  part  of  the  bone. 

The  median  suiural  surface  is  greatly  thickened  anteriorly,  being 
abont  2^  inches  thick,  while  for  a  length  of  about  11  inches  it  is  bent 
into  a  remarkable  rounded  Y-shaped  fold  (e,  &  fig.  9),  having  the 
bone  thickest  in  the  middle  and  compressed  anteriorly  and  posteriorly. 
The  convexity  of  this  fold  I  suppose  to  have  been  directed  inward ; 
it  rises  about  5^  inches  above  a  base-line.  The  crest  of  the  fold  is 
5  inches  from  the  most  anterior  part  of  the  bone. 

The  shape  of  the  bone  is  very  similar  to  that  of  the  coracoid  bone 
in  MurcBnosaurus ;  and  this  influenced  me  in  hesitating  to  identify  it 
as  the  ischium.  But  I  am  acquainted  with  no  coracoid  in  which 
there  is  such  a  fold  of  the  bone  in  the  median  suture,  while  I  have 
noticed  some  approximation  to  such  a  condition  in  the  ischia  of 
certain  Plesiosaurs ;  and,  although  not  very  conclusive,  this  seems 
to  me  more  important  than  the  form  of  the  bone.  On  the  other 
hand,  the  bone  is  not  paralleled  in  shape  by  any  known  Plesio- 
sanrian  ischium,  and  is  quite  unlike  an  ischium  from  the  Kimmeridge 
Clay  of  Ely  which  I  attribute  to  Pliosaurus.  Being  found  close 
together,  there  would  seem  to  be  an  a  priori  probability  that  the  two 
expanded  bones  described  should  belong  to  the  same  animal,  and  to 
the  same  region  of  the  body ;  but  then  the  pubic  and  ischiac  bones  are 
not  the  elements  which  would  be  expected  in  association  with  the 
anterior  portion  of  the  vertebral  column  which  is  preserved.  I  have 
no  doubt  that  they  are  not  the  two  bones  of  the  pectoral  arch ;  but 
the  form  of  the  coracoid  in  Pliosaurus  may  sometimes  have  been  so 
similar  to  that  of  the  ischium  as  to  justify  the  slight  doubt  which 
this  account  of  the  bone  implies. 

Professor  Philips,  in  his  '  Geology  of  Oxford '  (p.  350),  with  great 
boldness  has  attempted  a  restoration  of  the  pelvis  of  Pliosaurus, 
which  seems  to  me  to  be  in  the  main  correct,  the  forms  attributed 
to  the  bones  being  not  dissimilar  to  those  here  described. 
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38.  The  ExPLOBATioK  of  the  Ossitbroub  Deposit  at  Wtkdy  S^toll, 
Castleton,  Dbrbtshibe,  by  Eoobb  PEsyiHOTOH,  Eaq^  1X3^ 
F.G.S.,  and  Prof.  Boyd  Dawkns,  M.A.,  F.R.S.  By  Prof.  W. 
BoTD  DAWKiire,  MA.,  F.R.8.,  F.G.8.     (Read  June  20,  1S77.) 

Ck>NTXNTB. 

1.  Introduction. 

2.  Exploration. 

3.  Awooiation  of  Remains. 

4.  The  Rock-basin  a  Swallow-hole. 

5.  A  Pool  formerly  in  the  Rock-basin. 

6.  Geographical  Change  since  Accumulation. 

7.  Remains  of  Animals. 

8.  The  Deposit  of  late  Pleistocene  Age. 

1.  Introduction. — ^In  the  spring  of  1876,  by  the  comteey  of  the 
owner  of  the  land,  Mrs.  Champion,  we  were  able  to  catny  on  the 
exploration  of  the  ossiferous  deposit  at  Windy  Knoll,  near  Castleton, 
begun  in  1874  by  Mr.  Rooke  Pennington,  and  described  in  the 
*Quarteriy  Journal'  (May  1875,  p.  241),  with  the  foDowing  Je- 
suits*. 

If  reference  be  made  to  the  above  paper  (p.  242)  it  will  be  seem 
that  the  fissure  in  which  the  remains  were  first  met  with  was  traced 
to  a  sort  of  basin  filled  with  day  and  packed  full  of  bones  of  atiiTt^alft 
and  large  and  small  blocks  of  stone.  We  resolved  to  have  this 
thoroughly  examined  by  a  body  of  experienced  miners,  working 
under  the  constant  supervision  of  Mr.  John  Tym,  of  Castleton,  wfafle 
we  were,  as  far  as  possible,  present  during  the  six  weeks  spent  in  the 
work. 

2.  Exploration. — ^We  began  operations  on  the  east  side  of  the 
moimd  of  day,  and  rapidly  exposed  the  following  section  (fig.  1)  in 
descending  order : — 

0.  Clayey  debris  forming  the  summit,  without  bones,  and  probably 
rubbish  piled  up  when  the  quarry  cloee  by  was  worked  at  that 
level Gfieet. 

B.  Yellow  clay  with  large  blocks  of  limestone,  fragments  of  Yoredale 
i^le  washed  down  from  the  a4Joining  heights  of  Mam  Tor,  bits 
of  elastic  bitumen  or  elaterite,  and  of  fluor  spar  derived  from 
the  deposits  of  those  minerals  close  by,  together  with  bones  of 
bison,  reindeer,  wolf,  fox,  and  grisly  bear  8   „ 

A  Below  this  a  stiff  yellow  loam  without  any  fossil  remains  rested 

on  the  surface  of  the  limestone   4   „ 

3.  Association  of  Remains. — ^The  bones  and  teeth  of  the  animifcla 
from  the  ossiferous  yellow  day  are,  for  the  most  part,  perfect^  and 
had  been  buried  in  their  natural  positions.  The  limb-bones  of 
bisoui,  for  example,  and  of  reindeer  had  their  proper  articular  sur- 
faces together,  and  the  sesamoids,  tarsals,  and  carpals  in  place.  The 
dorsal  vertebrsB  of  a  reindeer  were  found  in  one  continuous  chain. 

*  This  was  done  at  the  joint  cost  of  Mr.  Rooke  Pennington  and  the  Man- 
chester Museum,  the  Owens  College. 
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Fig,l--East'and-We8t  Section  through  Windy-^Knoll  Fissure. 
(Scale  20  feet  to  1  inch.) 


Surface  denuded  away. 


Present  surface. 


)le  skeleton  of  a  reindeer  was  to  be  seen  in  the  upper  part 
ut  it  was  so  fragile  that  it  was  impossible  to  preserve  more 
)w  insignificant  fragments. 

remainjs  had  been  scattered  after  the  death  of  the  animal  to 
)y  had  belonged,  as,  for  example,  a  lower  jaw  of  grisly  bear 
ted  side  by  side  with  two  lower  jaws  of  reindeer.  Very 
hem  were  crushed  by  the  weight  of  some  of  the  large  blocks 
One  block  of  stalagmite  measured  8x6x2  feet, 
ork  proceeded,  the  limestone  floor  began  rapidly  to  descend 
i  the  ossiferous  clay  to  thicken,  until  it  reached  a  thick- 


Yorth-and-South  Section  through  Windy-KnoU  Fissure, 
(Scale  20  feet  to  1  inch.) 


OM 


'^''^^^ 


To.  132. 
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ness  of  21  feet,  through  the  whole  of  which  bones  were  scattered, 
but  in  far  greater  quantity  below  than  above.  In  one  part  the 
remains  of  fox,  wolf,  bison,  and  reindeer  were  all  matt^  tog^her ; 
and  in  another  on  the  west  side  there  was  a  stratum  of  bones,  mostlj 
decayed,  which  measured  4x3x2  feet.  On  the  west  side  also,  dose 
under  the  rocks,  the  bones  were  soldered  into  a  compact  breccia  by 
the  infiltration  of  carbonate  of  lime.  Close  to  this  two  perfect  skoDs 
of  bison  lay  crosswise,  the  one  over  the  other.  Ultimately  the  rock- 
basin  began  to  narrow,  and  the  ossiferous  clay  to  disappear ;  we 
traced  it  downwards  until  it  rested  on  loose  angular  fragments  <^ 
limestone  which  filled  a  vertical  shaft  (fig.  1).  We  cleared  it  out  (m 
every  side  except  the  north;  and  into  that  we  tunnelled  for  5  or  6  feet, 
till  further  excavation  became  dangerous.  The  rock  also  reappearini: 
at  the  surface  (figs.  2  &  3)  showed  that  it  did  not  extend  far  in  ihst 
direction,  and  rendered  further  work  unnecessary. 

Fig.  3. — Ground -plan  of  Windy -Knoll  Fissure, 
(Scale  40  feet  to  1  inch.) 


4.  The  jRock-basin  a  SwaUow-hoU, — It  was  obvious  (see  section 
and  plan,  figs.  1  &  3)  that  the  bottom  of  the  rock-basin  ended  in  a 
vertical  shaft,  and  that  it  belonged  to  the  class  of  '*  swallow-holes," 
'*  chaudrons  du  diable,*'  or  "  katavothra,"  which  are  to  bo  found  in 
most  limestone  regions,  and  which  have  been  formed  by  the  oonvei^ 
gence  of  water  charged  with  carbonic  acid  on  a  point  of  weakness  in 
the  rock  offered  by  the  intersection  of  two  or  more  sptems  of  joints. 
In  the  immediate  neighbourhood  of  Windy  Knoll  these  swallow-hdes 
abound ;  and  through  them  the  drainage  <^  the  upland  valley  to  the 
west  passes  into  the  series  of  caverns  that  underlies  the  limestone 
ridges,  averaging  1600  feet  high,  separating  it  from  the  valle}'  of  Hope 
and  Castleton  to  the  east.  In  the  quarry  close  by,  a  cavern  has  been 
discovered  of  very  considerable  size,  in  which  one  of  these  swallow- 
holes  may  be  studied  from  the  underside.  On  descending  through 
a  small  hole,  just  big  enough  to  admit  a  spare  and  agile  explorer, 
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you  find  yourself  in  a  lofty  chamber;  and  at  the  further  end  of  this  all 
further  passage  is  barred  by  a  large  conical  talus,  or  shoot,  of  angular 
blocks  of  limestone  mingled  with  clay,  which  has  fallen  through  an 
aperture  blocked  up  by  the  apex  of  the  cone.  In  all  probability  the 
vertical  sbaft  (fig.  1)  under  the  ossiferous  deposit  in  Windy  KnoU 
ends  in  a  similar  cave,  and  has  been  blocked  up  in  a  similar  fashion 
by  tbe  slow  wearing  away  of  the  limestone. 

5.   -4  I^ool  formerly  in  the  Mock-hasin, — Nor  could  there  be  any 
reasonable  doubt  as  to  the  mode  in  which  the  ossiferous  clays  were 
introduced.     The  Yoredale  shales  of  Mam  Tor  command  the  lower 
ridges  of  limestone  in  the  immediate  neighbourhood ;  and  the  heavy 
rains    have  spread  their  weathered  fragments  over  the  boundary 
dividing  them  from  the  limestones.     Consequently  several  of  the 
Bwallow-boles  have  been  lined  with  impervious  clay,  which  has  con- 
verted tbem  into  pools.     One  of  these  is  a  few  yards  from  Windy 
"KnolL      We  may  therefore  infer  that  the  days  in  question  were 
slowly  accumulated  in  a  pool  in  an  ancient  swallow-hole,  and  that 
they  were  derived  from  the  Yoredales  of  Mam  Tor,  from  whose  pre- 
cipitous sides  the  fragments  of  shale  and  gritstone  met  with  in  the 
exploration  were  torn  by  the  streams. 

6.  Oeographical  Change  since  Accumulation. — ^This  mode,  however, 
of  accounting  for  the  clays  of  Windy  KnoU  implies  a  great  geogra- 
phical change  in  the  district.  At  the  present  day  Windy  Ejioll,  as  its 
name  denotes,  forms  a  ridge  standing  out  from  the  general  level  of 
the  ground,  and  overlooking  the  valley  on  the  west,  and  the  hollow 
wbich  separates  it  from  Mam  Tor.  No  d^ris  from  the  Yoredales 
could  now  find  its  way  so  far  as  the  ossiferous  swallow-hole,  because 
all  the  streams  are  intercepted  by  the  hoUow.  It  may  therefore 
be  concluded  that  this  has  been  excavated  since  the  deposition  of 
the  clay  in  question. 

At  the  time  when  it  was  being  deposited  also,  the  sides  of  the 
limestone-basin  must  have  stood  higher  than  now,  since  the  im- 
bedded blocks  of  limestone  are  the  results  of  their  being  weathered 
away.     The  large  mass  of  stalagmite  also,  mentioned  above,  and  the 
numerous  broken  stalactites  scattered  through  the  clay  show  that 
there  was  an  overhanging  ledge  of  limestone,  if  not  a  cave,  at  the 
side  of  the  basin,  so  placed  that  its  ruins  could  fall  into  the  latter. 
The  general  level  of  the  limestone  may  therefore  be  concluded  to  have 
been  lowered  since  the  time  when  this  was  a  pool  at  the  bottom  of 
a  valley,  a  pool  which  has  now  disappeared  along  with  its  upper 
niar^s  of  limestone  (fig.  1,  D).     We  were  unable  to  find  any  evi- 
dence that  this  denudation  was  brought  about  by  the  action  of  ice. 
The  lowering  of  the  limestone  rocks  of  Windy  KnoU,  and  the  exca- 
vation of  the  valley  separating  it  from  Mam  Tor,  imply  a  very  high 
antiquity  for  the  ossiferous  clays,  if  the  present  trifling  rate  of 
denudation  be  taken  as  a  measure  of  the  past. 
7.  The  Remains  of  the  Animals. — ^The  remains  of  the  animals 
'  belong  to  the  bison,  reindeer,  bear  {U.ferox  and  U.  arctos\  wolf, 

'  fox,  and  hare,  associated  together  in  the  following  proportions, 

'  vertebrae  and  fragments  being  ignored : — 

f  3b2 
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Skull* 

Honk-coTM    .^ 

Frontals  and  «ntl«n.. 

Uppmrjawt    

Lowwjaws    

Upper  molar  wriw  .. 
Lt^twer  moUr  eeriM  .. 

lnoi;!ors 

Upj^T  milk-molm  ., 
I»wer  milk-molan  .. 

Sea  pu  lie 

Humeri 

RaiUi 

riiwt 

C^arp(d»  

Metaoarpals  

PelT«k 

Femorm 

Putellat  

Tibi* 

Tartsals  

MetatiursaU 

Fore  phalanges  1 

2 

3 

Hind  phalanges  1  .... 


Articulations  of  noetatarsal  or  ] 

carpal J 

Sternal  bones , 


Bison. 


Beindecr. 


Adult  ;  Young.  1  Adult.  I  Ycmn^  ' 


10 
15 


14 

30 

173 

157 

21 


d5 

103 

79 

46 

184 

111 

96 

152 

47 

92 

223 

116 

101 

68 

75 

130 

62 

75 


25 


31 

4 
37 
17 

6 

12* 

35 

77 

11 

24 

35 

43 


25 
11 

60 


42 

4 
27 
55 
41 


31 
34 
65 
19 
11 
62 
11 
60 

19 
71 
47 


70 

42 

5 


11? 


12 


15 
6 


Totals 2302 


455 


718 


44 


Skullii 

Bear. 

Wolf. 

Fox. 

HaifL 

10 
10 
28 
60 

i 

18 
26 
38 

2 
23 
26 

8 
36 

100 

28 
11 

1 

1 
5 
3 
6 
2 
7 
3 
9 

*5' 
9 

1 

14 

3 
2 

10 

7    - 

4 
13 

6 

6 

"is' 

14 

1 

50 

2 
2 

3 
3 

1 

4 
5 
8 

1 

Upper  jaws   

Lower  jaws 

Teeth 

Scapulie 

Humeri 

Radii 

Uln» 

Carpals 

Pelvw 

Femora 

Tibia 

Fibulw    

Tarsals  

Metacarpals  1 

Metatarsals   

Phalanges  1  

2  

„         3  

Totals 

453 

70 

128 

25 
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The  number  of  young  bisons  under  three  months  old  confirms  the 
conclusion  at  which  I  had  arrived  in  the  paper  already  laid  before 
the  Society*  as  to  the  presence  of  that  animal  in  the  district  in  the 
scunmer,  while  the  absence  of  young  reindeer  of  that  age  renders  it 
very  probable  that  the  reindeer  herds  were  here  in  the  winter. 
The  association  of  these  two  forms  in  this  deposit  proves  the  truth 
of  the  views  held  by  Lyell  and  myself  as  to  the  seasonal  migration 
of  the  Pleistocene  animals.  The  remains  of  the  other  species  need 
no  remark. 

This  vast  accumulation  of  the  remains  of  the  animals,  amounting 
altogether  to  6800  catalogued  specimens  (4195  in  the  present  explo- 
ration), was  found  in  an  area  not  more  than  25  x  18  x  8  feet,  and 
woB  obviously  the  result  of  the  animals  crowding  into  the  pools  and 
being  drowned.  It  is  on  the  route  by  which  the  bisons  and  rein- 
deer must  have  passed  from  the  pastures  of  the  valley  of  Hope  over 
the  Pennine  Chain  into  the  plains  of  Cheshire,  the  two  passes  of  the 
"Winnetts  and  Mam  Tor  converging  at  that  very  point.  It  is  an 
exact  parallel  to  those  great  accumulations  of  the  remains  of  bison 
which,  according  to  the  recent  admirable  monograph  of  Dr.  Allen 
("  On  the  American  Bisons,''  Memoirs  of  Museum  of  Comparative 
Anatomy  at  Harvard  College,  Cambridge,  Mass.,  iv.  no.  10)  and  the 
numerous  accounts  of  travellers  in  the  far  west,  whiten  the  sides  of 
the  drinking-places,  and  show  the  former  range  of  the  animal  over 
a  vast  tract  from  which  it  has  been  driven  by  the  himters. 

8.  Th^  Deposit  of  late  Pleistocene  Age. — On  reviewing  the  whole 
evidence  as  to  the  age  of  this  remarkable  deposit,  the  great  numbers 
of  reindeer  and  bison,  coupled  with  the  absence  of  the  extinct  spe- 
cies, such  as  the  mammoth  and  woolly  rhinoceros,  which  have  been 
found  in  the  district,  induce  me  to  refer  it  to  the  late  Pleistocene 
age,  and  to  a  later  era  than  that  of  the  caves  of  Creswell  Crags. 
It  may  probably  be  referred  to  a  time  when  the  hysena,  lion,  mam- 
moth, and  rhinoceros  were  no  longer  found  in  the  district.  And  it 
may  be  correlated  with  the  ossiferous  gravel  discovered  by  Captain 
Luard  at  Windsor  in  1866,  in  which  the  bison,  reindeer,  horse,  bear, 
and  wolf  were  lying  side  by  side,  as  well  as  with  that  near  Rugby, 
which  furnished  the  remains  of  the  bison  and  reindeer  submitted  to 
me  by  the  Kev.  J.  M.  Wilson. 

*  Quart.  Joum.  Geo!.  Soo.  toI.  zxzi.  p.  246, 
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39.  Oft  a  number  of  kkw  Seciioks  around  the  Estuabt  of  the  Des 
whuh  exhibit  Phenomena  having  an  important  bearing  on  ike 
OaieiN  of  BouLDEB-CLAT  and  the  sequence  of  Glacial  Etestb. 
By  D.  Mackintosh,  Esq.,  F.G.S.     (Bead  June  20,  1877.) 

Ck>HTSHT8. 

Introductory  Bemarks. 

Besults  of  Additional  YisitB  to  the  Dawpool  Sea-ooast  Section. 

line  of  Junction  between  the  Lower  and  Upper  Boulder-dajt. 

X^eposits  at  the  Base  of  the  Lower  Clay. 

Character  of  the  Striated  Erratic  Stones. 

Signs  of  Boulders  haying  been  dropped. 
Sections  on  the  West  Shore  of  the  Estuary  of  the  Mersey. 
New  Dock-sections  near  Bootle. 
Sections  around  Birkenhead,  showing  the  Belations  between  the  Boolda^days 

and  the  underiying  Book-surfaces. 
Deriyation  of  the  Component  Materials  of  the  Boulder-clays. 
Persistent  Line  of  Demarcation  between  the  Middle  Sand  and  the  Upper  Clay. 
Striated  Bock-surfaoee,  and  their  Belation  to  the  Direction  in  which  Erratie 

Stones  have  been  carried. 
Horizontal  and  Vertical  Bange  of  the  Two  Boulder-days  of  the  Basin  of  the 

Irish  Sea. 
Horizontal  and  Vertical  Bange  of  the  Middle  DrifL 
Is  there  any  "  true  Till"  at  low  leyels  in  the  Basin  of  the  Irish  Sea  ? 

Introductory  BemarJcs. — In  his  Survey  '  Memoir  on  the  Geology 
of  North  Wales,'  p.  207,  Professor  Bamsay  remarks  "  how  necessary 
it  is  to  map  every  possible  formation  in  detail  before  we  can  arrive 
at  just  conclosions  concerning  either  the  completeness  or  the  frag- 
mentary nature  of  the  succession  of  strata."  It  is  only  by  keeping 
a  keen  outlook  in  a  particular  district  or  districts  for  new  sections 
that  such  details  can  be  obtained.  As  r^ards  drift-deposits,  sec- 
tions are  likely  to  vary  so  much  with  the  extent  of  the  excavations, 
the  state  of  the  weather,  &c.,  that,  before  they  can  furnish  reliable 
facts,  it  is  necessary  that  they  should  be  leisurely  and  repeatedly 
observed.  Though  familiar  with  a  number  of  sections  around  the 
festuary  of  the  Dee  for  many  years,  I  have  lately  seen  the  necessity 
for  making  a  series  of  more  connected  and  systematic  observationB 
than  time  bad  previously  permitted ;  and  as  some  of  the  sections 
may  soon  become  obliterated,  I  lose  no  time  in  communicating  the 
results  to  the  Geological  Society. 

Besults  of  Additional  Visits  to  the  Dawpool  Sea-coast  Section, — 
Since  the  time  I  very  briefly  described  this  section  in  the  Quart. 
Journ.  Geol.  Soc.  for  Nov,  1872*  I  have  often  visited  it,  and  on 

*  I  must  here  correct  two  errors  into  which  I  was  led  during  my  earHer 
visits  to  Dawpool  (Quart  Journ.  Geol.  Soc.  for  Not.  1872).  The  grey  facings 
of  the  fractures  in  the  upper  clay  are  not  a  chalk- wash,  as  was  suggested  to  me 
by  an  eminent  geologist ;  and  their  nature  and  ori^n  have  not  3ret,  I  behere, 
beeu  satisfactorily  explained.  Though  not  at  the  pomts  where  I  then  examined 
the  Dawpool  cliffs,  the  upper  clay  of  Cbeehire  does  contain  much  deoompoeiDg 
*'  greenstone,"  as  well  as  the  lower.  Both  clays  contain  carbonate  of  lime, 
which,  if  it  did  not  come  from  the  chalk  of  Ireland,  mav  hare  been  derived 
from  the  limestone  of  Weetmorehind,  N.W.  Lancashire,  or*W.  Cumberland. 
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ea<^  occasion  have  seen  fresh  facts  exposed  by  the  rapidly  encroach- 
ingr  sea,  at  intervals,  along  the  whole  cliff-line,  which  is  about  three 
miles  in  length.     In  every  instance  the 

Line  of  Junction  between  the  Lower  and  Upper  Boulder-clays^ 
'whether  straight  or  undulating,  was  so  well  defined  as  to  suggest 
the  idea  that  the  surface  of  the  lower  clay  had  become  either  hard- 
ened or  denuded  before  the  upper  clay  was  deposited.  This  line, 
in  one  place,  appeared  as  represented  in 

Fig.  1. 

Deposits  at  the  Base  of  the  Lower  Clay. — At  intervals  in  the  lower 
day  there  were  pockets  and  layers  of  small  stones,  and  likewise  of 
sand.  At  the  base,  in  several  places,  the  clay  graduated  into,  or 
hecame  interstratified  with  beds  of  bright  reddish  brown  sandy  loam 
(without  stones  and  with  stones),  which  in  one  place  exhibited  a  qua- 
quaversal  arrangement.  I  could  see  few  or  no  shells  in  these  loamy 
beds ;  and  there  was  no  appearance  of  an  old  sea-bed  having  been 
worked  up  into  the  substance  of  the  clay  above.  There  were  no 
contortions,  such  as  occur  in  the  drifts  all  round  the  borders  of  the 
Lake- district.  A  few  feet  above  the  level  of  the  beach  the  clay 
resumed  its  typical  character.  At  Blackpool  there  are  similar  loamy 
beds  on  the  same  horizon  relatively  to  the  lower  clay  (Quart.  Joum, 
Geol.  Soc.  vol.  XXV.  p.  412). 

Character  of  the  Striated  Erratic  Stones, — On  the  day  above  men- 
tioned I  saw  many  kinds  of  erratic  boulders  and  smsdlcr  stones  I 
had  not  previously  noticed.  Next  to  **  greenstone,"  Criffell  granite 
was  again  foimd  to  predominate,  but  in  greater  variety,  including 
the  grey  kind  with  large,  sharply  defined  crystals  of  felspar,  and 
the  reddish-brown  kind  (resembling  Shap  granite).  Granite  of  the 
kinds  now  quarried  in  the  neighbourhood  of  Creetown,  Kircudbright- 
shire,  were  represented,  especially  the  white  Fell  granite.  Most 
of  the  stones,  both  small  and  large,  were  striated  as  follows : — 

1.  Irregularly  scratched  all  round  (by  land-ice  before  they  were 
transported  ?). 

2.  Irregularly  scratched  all  round,  with  the  addition  of  superin- 
duced flattened  surfaces  and  single  or  cross  sets  of  parallel  grooves. 

3.  Merely  flattened  surfaces,  with  single  or  cross  sets  of  parallel 
grooves. 

The  grooves  run  in  all  directions  relatively  to  the  longer  axes  of 
the  stones,  including  large  boulders.  They  are  so  fresh-looking 
aad  cleanly  cut  as  to  suggest  the  idea  that  the  stones  were  not  re- 
transported  or  jostled  about  after  the  grooves  were  imprinted.  The 
uniformly  flattened  surface,  and  the  character  of  the  grooves,  would 
both  seem  to  point  to  rapidity  of  movement  in  the  glaciating  agent. 
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Floating  coast-ice  holding  the  stones  firmly  fixed  in  its  base,  and 
grinding  them  against  projecting  sandstone  rock-sarfaces  in  a 
shallow  sea,  would  seem  to  offer  the  most  satisfactory  explanation*. 
In  the  upper  clay  the  stones  are  similarly  grooved,  with  tiiis  ex- 
ception, that  irregular  scratches  and  cross  sets  of  g^rooves  are  not 
nearly  so  frequent. 

^^115  of  Boulders  having  been  dropped, — South,  of  Dawpool  Cot- 
tage 1  once  saw  two  instances  (in  the  lower  clay)  in  which  bonlden 
had  evidently  fallen  from  a  certain  height,  so  as  to  press  the  day 
yiolently,  develop  its  latent  lamoduation  (?),  and  caose  the  lamine 
to  rise  up  at  the  sides  (fig.  2). 

Fig.  2.-^FaUen  Ixmlder^  DawpooL 


[iiZi^L^a^^x^i^^^',; 


Sections  on  the  West  Shore  of  the  Estuary  of  the  Mersey. — A.  long 

section,  exhibiting  phenomena  which  are  a  repetition  of  those  seen 

at  Dawpool,  extends  for  some  distance  on  each  side  of  'Egremont 

Ferry.     Mr.  De  Ranee,  F.G.S.  (who  has  done  much  to  establish  the 

threefold  division  of  the  drifts  in  Lancashire,  and  who  has  offered 

many  excellent  suggestions  concerning  the  origin  of  these  drifts), 

notices  a  part  of  this  section  in  Quart.  Joum.  Geol.  Soc.  vol.  xxyi. 

p.  644.     I  have  lately  carefully  examined  it  under  favourable  of- 

cumstanoes,  as  many  fresh  faces  (April  1877)  have  been  exposed  in 

excavations  for  bricks,  &c     An  extended  survey  shows  that  the 

lower   clay  here  is  not  invariably  separated  from  the  upper  clay 

by  stoneless  sand  and  loam ;  while  the  latter,  so  far  as  I  could  see, 

likewise  occur  in  patches  and  beds  in  the  lower  clay.     But  the  lin^ 

of  junction  between  the  two  clays,  where  day-slips  have  left  fr^ 

faces^  can  easily  be  detected.     The  upper  clay,  with  its  frequently 

recurring  grey-faced  and  vertical  fractures,  is  seldom  more  than 

12  feet  thick.     In  a  brick-pit  east  of  Egremont  Ferry  it  has  been 

excavated  down  to  a  level  floor  of  sand.    The  existence  of  two  dsp 

is  well  known  among  brickmakers.     While  the  upper  is  found  to 

be  the  best  brick-clay,  the  lower  is  too  "  strong  "  for  making  g<x» 

bricks.     There  is  likewise  a  difference  in  the  number  of  contain®** 

stones,  and  in  the  colour  of  the  two  clays ;  but  it  ought  not  to  bo 

forgotten  that  the  colour  of  all  clays  changes  with  the  amount  of 

moisture  they  contain.      During  recent  excavations  to  obtwn  a 

foundation  for  a  sea-waU,  the  lower  day  (of  which  there  is  a  gr«** 

*  Durinff  repeated  obserrations  1  haye  seen  few  or  no  stones  stznilaily  v^ 
elated  on  the  mil-sides  or  in  the  valleys  of  the  Lake-distriot. 
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-feliackiiesa  above  high-tide  level)  was  found  to  extend  to  below  low 

New  Dock'seetions  near  BootU. — Further  north  than  Egremont, 
Ld  on  the  opposite  side  of  the  Mersey,  a  series  of  extensive  exca- 
Ltions  are  now  in  progress  for  the  purpose  of  obtaining  sites  for 
ixow  docks.  They  have  been  visited  by  several  geologists ;  and  Mr. 
IkEorton,  P.G.S.  (in  whose  company  1  first  saw  these  sections),  has 
^Iven  a  very  brief  account  of  thera  in  the  Geol.  Mag.  and  in  the 
Heport  of  the  British  Association  for  1876.  Since  then  I  have  twice 
e^camined  them,  with  the  assistance  of  Mr.  Sutcliffe,  the  acting  en- 
gineer. An  unwary  visitor  to  No.  1  dock  (going  north)  might  at 
once  conclude  that  the  tbree  drifts  are  there  very  strikingly  displayed 
the  upper  clay,  middle  stratified  sand  and  gravel,  and  a  great  thick- 
ness of  lower  clay.  What  can  be  plainer  ?  he  might  say.  A  close 
&iid  leisurely  inspection,  however,  would  show  that  his  upper-clay 
liad  been  artificially  redeposited  over  a  considerable  thickness  of  Post- 
glacial sea-sand  with  numerous  shells.  The  last  time  I  examined 
-tliese  excavations  a  number  of  new  and  instructive  sections  were 
in  course  of  being  exposed  (see  fig.  3).     In  one  spot  a  group  of 

Fig.  3. — Section  exposed  in  the  second  New-dock  Excavation^ 
April  1877. 


K 

A.  Postglacial  aand,  about  6  feet ;  B.  Upper  Boulder-clay,  about  12  feet,  sepa- 
rate by  a  Tery  distinct  line  from  C,  current-bedded  middle  sand  and  fine 
graTel,  a  sprinkling  of  which  is  continued  along  the  line  of  junction  between 
the  two  clays ;  D.  Lower  Boulder-clay,  with  an  average  thickness  of  about 
12  feet ;  E.  Triaasic  sand  and  rock  in  situ. 

workmen  stood  on  the  partially  uncovered  and  well-defined  top  of 
the  lower  clay,  wielding  spades,  with  which  they  speedily  removed 
the  upper  clay*,  while  a  throng  of  navvies,  armed  with  picks,  were 
attacking  the  base  of  the  lower  clay,  which  had  been  found  to  be 
too  compact  and  stony  to  jrield  to  spades.  Towards  its  base  the 
lower  clay  might  be  seen  graduating  both  horizontally  and  verti- 
cally into  masses  of  rounded  gravel  (partly  consisting  of  erratic 
stones)  or  into  sand ;  and  I  was  informed  that  in  some  places  much 
sand  had  been  found  beneath  it.  The  line  of  junction  between  it 
and  the  underlying  Triassic  sand  and  sandstone-rock  could  be  easily 
traced.     In  several  places  (during  a  former  visit)  I  found  the  middle 

*  Where  fresh  faces  have  been  exposed  by  clay-slips,  the  upper  clay  here 
shows  more  or  leas  of  the  grey  partings  by  which  it  is  generally,  but  not  tdways, 
characterized. 


Digitized  by  VjOOQIC 


734  p.  juamnofH  os  soxx  lonr  seciiovb 

sand-and-graTd  occupying  deep  hollows  in,  and  resdng  on  tbeiock- 
snrfiace  at  the  same  level  with  the  lower  day ;  but  these  appaar* 
ances  (which  are  of  frequent  occurrence  elsewhere)  afforded  ao 
proof  that  both  had  been  contemporaneously  deposited.  Thou^  &e 
upper  day  in  these  sections  contains  fewer  small  wtones  than  the 
lower,  it  is  charged  with  a  greater  number  of  large  boQlders,  eso- 
trary  to  the  general  rule ;  but  it  ought  to  be  remembered  that  large 
boulders  generally  occur  in  groups  instead  of  being  equaUy  scat- 
tered.  Besides  *'  greenstone,"  E^dale  granite  is  fireqiijait  amoag 
the  boulders  of  the  upper  day,  though  Criffell  granite,  so  far  as  I 
could  see,  is  limited  to  the  lower  clay  or  the  gravels  derived  from  it. 
A  difference  in  the  granites  of  the  two  cla}'s  is  likewise  aeoi  at 
Dawpool  and  elsewhere,  though  I  should  not  like  to  affirm  that 
Criffell  granite  is  everywhere  entirely  absent  from  the  n]^>er  day. 

Sections  around  Birkenhead^  showing  the  Belatums  betwrem  As 
Boulder-days  and  the  underlying  Rodc-surfaees. — On  both  sides  ol 
the  Borough  Koad,  between  the  new  Mission-house  and  the  water- 
works, a  number  of  brick-pit  and  other  sections  have  lately  bees 
exposed.  Behind  the  Mission- house  an  excavation  (April  1877> 
shows,  under  a  deposit  of  upper  Boulder-clay,  a  Triassic  rock-auifaee 
planed  down  unconformably  to  structure,  in  a  manner  suggesting 
the  sudden  and  forcible  grounding  of  a  mass  of  floating  ice.  A  few 
yards  to  the  south-west,  a  continuation  of  the  planed  surface  is 
covered  with  grooves  (afterwards  to  be  described).  Further  on,  at  a 
somewhat  higher  level,  a  similarly  planed-down  rock-surfoce  may 
be  seen.  Higher  up  on  the  other  side  of  the  road  a  number  oif 
excavations  show: — (1)  the  lower  Boulder-day  or  its  hard  loamy 
representative  graduating  downwards  into  an  unwashed  Boulder- 
gravel,  consisting  of  rounded  erratic  stones  and  angular  sandstone 
fragments  worked  up  from  the  underlying  rock ;  (2)  the  same  clay 
reposing  in  one  place  on  an  uneven,  in  another  on  a  straight  surface 
of  rock  or  rock-sand  in  situ;  (3)  the  upper  Boulder-day,  never 
graduating  into  rock  or  rock-sand  downwards,  but  separated  fit>m 
them  sometimes  by  an  uneven,  "but  generally  by  a  straight  line. 
In  digging  the  foundations  for.  the  head  master's  new  house, 
Birkenhead  School,  the  upper  Boulder-clay  in  several  places  was 
seen  to  rest  on  a  cleanly  shaved-off  surface  of  coloured  Tnassic  sand 
in  situ. 

Derivation  of  the  Component  Materials  of  the  Boulder-days, — In 
the  neighbourhood  of  the  estuaries  of  the  Dee  and  Mersey,  and,  I 
have  no  doubt,  in  most  places  where  either  or  both  of  the  Boulder- 
clays  exist,  the  following  description  will,  I  believe,  be  found  more 
or  less  applicable.  A  great  part  of  the  two  formations  consists  of 
broken-up  or  ground-down  Triassic  sandstone  (in  some  districts  evi- 
dently of  Permian  or  Carboniferous  sandstone).  In  spedmens  from 
the  sections  above  described,  the  residue,  after  washing,  consists  of 
coarse  sand,  which,  to  a  great  extent,  is  composed  of  rounded  and 
subangular  quartz  grains,  and  small  .subangular  stones  frx>m  Bunter 
and  other  Triassic  sandstones.  The  erratic  stones,  which  are  seldom 
very  small^  were  apparently  brought  by  a  cause  distinct  from  that 
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'whicli  produced  the  sandy  and  gritty  part  of  tlie  formation ;  and  I 
l>elieTe  the  same  remark  applies  to  the  clay  of  which  the  formation 
mainly  consists.     Icebergs  from  an  ice-sheet,  or  from  glaciers,  in 
the  Lake-district  and  south  of  Scotland,  could  not  have  brought  the 
%vhol€  of  the  deposit  with  its  local  grit,  erratics,  and  clay,  while  ice- 
beri^,  carrying  both  clay  and  erratic  stones,  and  dropping  them  at 
intervals  into  the  slowly  accumulating  local  materials,  would  have 
left  a  deposit  much  less  uniform  in  its  character  and  structure*, 
l^ide-spread  and  thickly  congregated  masses  of  floating  coast-ice  from 
the  Lake-district  &c.  may  have  brought  the  erratic  stones  (with  more 
or  less  sand  and  clay).     The   structure  therefore  of  these  deposits 
can  perhaps  be  best  explained  by  supposing  a  threefold  origin : — 
(1)  the  local  grit  and  sand  furnished  by  ordinary  sea-action ;  (2)  the 
clay  washed  out  from  beneath  the  ice-sheet  or  glaciers  of  the  Lake- 
district,  and  generally  distributed  by  currents ;  (3)  the  stones,  prin- 
cipally erratic,  but  to  some  extent  local,  supplied  by  floating  coast- 
ice.     There  is  generally  more  grit,  and  a  greater  number  of  stones 
in  the  lower  than  in  the  upper  clay ;  but  still  they  are  too  much 
alike  to  require  a  different  explanation. 

Persistent  Line  of  Demarcation  between  the  Middle- Sand  and  the 
Upper  Clay, — When  the  upper  clay  rests  not  only  on  surfaces  of 
rock  or  rock-sand,  but  on  the  middle  sand-and-gravcl  (in  which 
position  it  is  chiefly  found),  there  is  almost  universally  a  clean  and 
straight  or  undulating  line  of  junction,  without  the  slightest  com- 
mingling of  materials  ;  so  that,  even  within  the  vertical  space  of  an 
inch  (as  in  the  recent  long  railway-cutting  between  Chester  and 
Delamere),  the  t}T)ical  clay,  with  parts  of  intensely  glaciated  stones, 
is  separated  from  the  equally  tjpieal  sand  with  entirely  unglaciated 
stones,  excepting  in  the  case  of  a  few  instances  of  very  limited  ex- 
tent, where  the  sand  has  been  cleanly  interlaminated  with  loam  or 
day.    The  sharpness  of  this  line  of  junction  and  its  persistence  over 
large  areas  would  seem  to  indicate  the  shaving-off  or  denudation  of 
the  sand  before  the  deposition  of  the  clay.     It  would  likewise  seem 
to  show  that  the  clay  could  not  have  been  brought  by  land-ice, 
because  land-ice  could  not  have  pushed  its  moraine  profondc  for  scores 
of  miUs  over  an  extensive  deposit  of  yielding  sand  and  gravel  with- 
out confusedly  mixing  up  the  two  formations.     But  the  most  difficult 
fact  to  explain  is  one  to  which  Professor  Hull,  Mr.  De  Ranee,  and 
others  some  time  ago  called  attention,  and  which  is  strikingly  ex- 
emplifled  in  the  above  new  railway-sections,  namely  the  evidence  of 
a  great  leap  from  an  interglacial  sand-and-gravel  period,  when  no 
glaciated  stones  were  floated  by  ice  over  the  submerged  plains,  and 
when  scarcely  any  clay  was  deposited,  to  a  period  when  clay  with 
intensely  glaciated  stones  began  to  accumulate  f. 

•  It  may  likewise  be  remarked  that  the  depth  of  the  sea,  indicated  by  the 
Tcrtical  range  of  either  of  the  Boulder-days,  could  not  have  floated  icebergs. 

t  Mr.  Shone,  F.G.S.,  of  Chester,  can  corroborate  what  I  have  here  stated. 
He  has  now  collected  a  great  number  of  shells  from  the  upper  clay  of  the 
Chester  and  Delamere  railway-cutting,  and  has  found  additional  species  indi- 
cating a  very  cold  climate. 
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What  could  have  obliterated  all  signs  of  the  interval  daring  irinck 
the  change  from  non-glacial  to  glacial  conditions  took  place?  Tbe 
revolution  in  temperature  may  certainly  have  occurred  during  isi 
intervening  period  when  dry  land  existed.  But  as  there  are  a« 
traces  of  a  land-surface,  so  far  as  I  have  seen,  between  the  middle 
sand  and  upper-clay,  I  would  suggest  that  the  commenoemeiit  ot 
the  upper-cla}'  submergence  may  have  been  sudden,  so  as  to  gcae- 
rate  an  earthquake-wave  capable  of  accomplishing  the  sweepia^ 
denudation  of  the  sand  which  is  so  forcibly  suggested  by  the  ckaa 
and  persistent  line  of  separation  above  described. 

Striated  Mock-surfaces  and  thiir  Relation  to  the  Direction  in  tckiA 
Erratic  Stones  have  been  carried, — I  very  lately  saw  a  fresh  exposure 
of  intensely  striated  rock,  from  which  a  covering  of  upper  Boiilder- 
day  had  been  removed.  It  is  a  part  of  a  more  extensive  dispbj 
which  has  been  demolished  by  quarrying  operations*  and  oectm 
about  a  quarter  of  a  mile  south  of  St.  James's  Church,  Birkenhead. 
The  striffi,  including  large  grooves,  point  to  between  25"^  and  3lP 
west  of  N.  A  short  distance  southward  I  found  strise  pointing  W. 
30^  S.  As  the  extent  to  which  the  directions  of  the  striae  vary  ia 
the  neighbourhood  of  the  estuaries  of  the  Dee  and  Mersey  does  not 
seem  to  be  generally  known,  I  would  state  that  I  havo  seen  aa 
extensive  series  near  St.  Silas's  Church  (north  of  Prince's  Paik, 
Liverpool)  pointing  N.  35°  W.,  with  a  few  cross  stris  running 
between  N.  38°  W.  and  N.  40°  W.  In  Toxteth  Park,  Liverpool, 
Mr.  Morton,  F.G.S.,  has  found  striaB  pointing  N.  42°  W. ;  at  Kirk- 
dale,  N.  15°  W. ;  and  at  Oxton,  Birkenhead,  N.  ^0°  W.  I  have  re- 
examined grooves  (including  one  more  than  three  inches  in  breadth) 
close  to  the  new  Mission-house,  Borough  Boad,  Birkenhead,  which 
were  first  noticed  by  Mr.  Bostock,  and  found  them  pointing  X.  4o° 
W.  If  we  connect  these  instances  with  that  found  on  the  east  side 
of  Hope  Mountain,  near  Caergwrle,  where  I  found  the  stris  pointing 
to  about  N.  45°  W.,  we  shall  have  strisB  ranging  from  N.  15°  W.  to 
N.  45°  W.,  which  will  indude  the  main  directions  in  which  erratic 
stones  (including  Cumberland  and  Kirkcudbrightshire  granite  and 
Irish  chalk-flints)*  have  travelled  from  their  respective  points  <rf 
dispersion,  though  we  have  no  reason  to  suppose  that  they  travelled 
in  straight  lines.  As  Mr.  De  Ranee  lately  observed  at  a  meeting 
of  the  Liverpool  Geological  Society,  these  striae  can  be  much  better 
explained  by  floating  ice  than  by  land-ice ;  and  it  may  be  added 
that  the  floating  ice  may  have  been  blown  by  wind  as  weD  as  car- 
ried by  currents,  as  proved  by  observations  made  by  the  late  Austro- 
Hungarian  Expedition  in  the  neighbourhood  of  Franz  Josef  Land. 
It  is  well  known  that  the  directions  of  the  strisB  above  noticed  are 
crossed  in  the  Isle  of  Man  by  striaD  from  the  E.N.E.,  and  in  Anglesey 
by  striae  from  between  N.  25°  E.  and  30°  E., — that  is,  from  the  direc- 
tion of  the  Lake-district.  In  Anglesey  there  are  iinie  roches  mow- 
tonnies  (GeoL  Mag.  for  Jan.  1872),  but  there  are  no  decided  instances 

*  Tbeee  flints  are  most  numerous  about  Parkgat«.  They  thin  out  S.  and  S.B. 
until  they  oome  into  collision  with  flints  from  me  eastern  counties,  which  thia 
out  westward. 
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of  such  around  the  estuaries  of  the  Dee  and  Mersey.    Even  on  Hope 
IMountain  the  apparently  mamillated  form  of  the  surface  is  chiefly 
tihie  structure  of  the  beds  of  Millstone-grit  developed  by  denudation. 
Horizontal  and  Vertical  Range  of  the  two  Boulder-clays  of  the  Basin 
of  tTie  Irish  Sea, — These  two  Boulder-clays  are  often  separated  over 
lar^e  areas  by  middle  sand  aUd  gravels,  as  proved  by  the  geological 
surveyors  in  Lancashire,  and  as  may  be  seen  in  Cumberland  between 
'tbe  estuary  of  the  Duddon  and  Bavenglass  (GeoL  Mag.  for  Jime 
X871).     To  the  south  of  the  Mersey  the  upper  clay  is  generally 
found  lying  on  the  surface  of  the  middle  sand ;  and,  excepting  in 
lioUows,  there  is  very  little  lower  clay  further  south  than  Chester, 
though,  under  the  middle  sand,  it  is  often  represented  by  a  loam 
-^th  erratic  stones,  but  without  shells,  which  would  appear  to  be 
the  equivalent  of  the  base  of  the  formation  further  north.    In  many 
places  in  Shropshire  this  loam  is  the  only  drift-deposit     The  small 
quantity  of  typical  lower  clay  south  and  south-east  of  Chester  may 
"be  accounted  for  partly  by  supposing  a  southerly  diminution  in  the 
supply  of  subglacial  clay,  and  partly  by  the  evident  using  up  of  the 
stony  contents  of  the  lower  clay  during  the  accumulation  of  the' 
middle  drift  which,  for  a  great  distance  south  and  south-east,  con- 
tains lower-clay  erratics.    The  lower  clay  is  much  the  same  along 
the  shores  of  the  Irish  sea  from  the  Solway  Prith  to  the  neighbour- 
hood of  Chester,  and  from  that  neighbourhood  to  Anglesey,  as  I 
have  had  many  opportunities  of  ascertaining.    The  upper  clay  is 
likewise  the  same  from  the  banks  of  the  Eden,  near  Carlisle,  to 
Crewe  in  Cheshire,  and  from  Crewe  to  Anglesey.     The  greyish- 
faced  fractures  are  not  always  present ;  but  they  frequently  recur. 
At  the  Dalton  brick-pits,  Barrow-in-Furness,  and  at  Crewe,  they 
impart  a  general  bluish-grey  colour  to  the  clay ;  and  all  the  way 
between  these  two  places  they  may  often  be  seen.     They  likewise 
frequently  recur  in  Shropshire  and  Denbighshire.    They  resemble 
the  ash-coloured  partings  of  the  Hessle  clay  described  by  Mr.  Searles 
V.  Wood,  jun.     As  regards  vertical  range,  the  lower  clay  nowhere, 
so  far  as  I  have  seen,  maintains  its  low-level  or  shelly  character  at 
a  greater  height  than  from  100  to  150  feet,  as  Mr.  De  Kance  long 
ago  pointed  out ;  but  it  is  certainly  continuous  with  a  deposit  of 
mixed  loam,  clay,  and  gravel  which  runs  up  the  hill-sides  to  a  great 
altitude.    I  have  never  seen  typical  upper  clay  at  greater  heights 
than  from  400  to  600  feet ;  and  it  generally  loses  its  shelly%aracter 
before  it  reaches  these  heights.    Mr.  S.  V.  Wood,  jim.,  has  not  found 
the  Hessle  day  (with  which  he  is  disposed  to  correlate  the  north- 
west-of- England  upper  clay)  at  a  greater  height  than  about  300  feet 
in  Yorkshire,  while  in  South  Lincolnshire  it  does  not  reach  higher 
than  about  50  feet  above  the  sea-level.     The  upper  clay  of  the 
north-west  does  not  penetrate  into  the  valleys  of  tho  Lake-district, 
or  into  the  valleys  of  Wales,  with  the  exception  of  the  Vale  of 
Clwyd  and  the  valley  traversed  by  the  Mold-and-Denbigh  railway, 
in  which  it  does  not  rise  to  the  level  of  the  water-parting.     On  the 
east  slopes  of  Halkin  Mountain  it  thins  out  upwards  at  about  400 
feet,  and  east  of  Glossop  at  about  600  feet. 
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JlonsoniaJ  and  Vfrtkal  Bange  of  the  Middle  DrifL—TYx  middle 
drift  ol  the  pliin  loses  the  diaracter  of  a  deposit  of  fine  sand  md 
gravel  in  the  neighbourhood  of  the  mountains,  where  it  becomes 
horixontallj  eontinaoas  with  a  coarse  formation,  especially  in  the 
np[)er  part,  whidi  consbts  of  laige  ronnded  stones,  often  reachii^  m 
foot  in  average  diameter.  In  amon^  the  moontains  it  c<mtaiBS 
large  bonlderB,  some  of  which  are  striated.  It  likewise  gradnates 
or  dovetails  downward  into  a  bonlder-day  or  loam,  by  which  it  is 
sometimes  horizontally  rej^aced.  Where  it  penetrates  into  tii« 
monntain-valleys  it  gradually  loses  its  shelly  character,  as  if  the 
increasod  freshening  of  the  sea-water,  by  melting  snow,  had  juxived 
inimical  to  the  exi^^tence  of  mollusca.  The  shells  hitherto  found  ait 
hijrh-lovels  in  this  country  have  been  limited  to  the  outer  slopes  of 
the  mountain  districts,  in  positions  facing  what  once  must  have  bees 
comparatively  wide  and  salt  seas. 

J$  Ourt  any  "  tr^te  Till "  at  hw  Uvds  in  the  Ba$in  of  the  Irish  Sm  I 
— ^The  mere  fact  that  bricks  can  easily  be  made  out  of  both  the 
low-lying  shelly  clays  of  the  basin  of  the  Irish  Sea  would  be  lo^ed 
upon  by  a  Scotch  geologist  (as  I  was  some  time  ago  assured  by  aA 
eminent  gladalist)  as  sufficient  to  prove  that  they  are  not  **  taiie 
till,**  while  the  enormous  distances  which  the  erratic  stones  found 
in  these  clays  have  been  transported  would  be  regarded  as  corrobo- 
rative of  the  idea ;  for  there  is  perhaps  no  point  on  which  glacialists 
are  more  agreed  than  that  the  constituents  of  "  true  till"  (including 
stones)  are  more  or  less  locaL     But  in  one  of  these  clays  at  W<^ver- 
hampton  (I  have  not  yet  determined  which)  Scotch  granite  is  found 
which  must  have  travelled  170  miles ;  and  in  the  lower  Boulder-clay 
of  the  estuary  of  the  Dee  similar  granite  is  found  in  abundance 
which  must  have  travelled  100  miles.    Scotch  granite  may  be  found 
at  Upton-on-Sevem,  near  Worcester,  which  must  have  been  trans- 
ported 200  miles  (as  the  Rev.  W.  S.  Symonds  informs  me),  or  a 
distance  about  equal  to  that  between  the  Moray  and  Solway  Friths ; 
and  I  think  a  consideration  of  relative  levels  wUl  show  that  it  could 
not  have  been  retransported  from  the  southern  end  of  a  till-distribo- 
ting  ice-sheet.     At  New  Colwyn  Bay,  North  Wales,  and  the  neigh- 
bourhood, a  very  stiff  blue  day  without  shells,  and  with  stones  almost 
entirely  local,  may  be  traced  along  the  sea-shore.    Above  it  there  is 
a  representative  of  the  base  of  the  lower  brown  day,  a  bed  of  sand- 
and-gravel,  and  the  upper  day  on  the  top.     The  latter  contains 
many  erratic  stones.     This  blue  clay  is  apparently  on  the  horiicn 
of  the  bine  clay  of  the  Marron  valley,  the  neighbourhood  of  Keswick, 
the  Yorkshire  vallep,  and  some  parts  of  Lancashire  (where  Mr.  De 
Ranee  regards  it  as  a  day  formed  under  land-ice).     If  there  is  any 
low-lying  *'  true  till "  in  the  basin  of  the  Irish  Sea,  I  think  it  must 
be  this  blue  day. 

[This  paper  is  intended  to  be  introductory  to  one  on  the  Corre- 
lation of  the  Drifts  of  the  north-west  of  England  with  those  of  the 
Midland  and  Eastern  counties,  a  task,  I  believe,  which  can  only  be 
satisfactorily  accomplished  by  one  observer  going  over  the  whole 
ground.] 
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SUPPLEMENTAET  N0TE8. 


Sept.  1877. — Since  this  paper  was  written  I  have  again  examined 
the  Dawpool  cliflBs,  accompanied  by  Mr.  Shone,  P.G.S.     Fresh  clay- 
slips  have  reyealed  a  considerable  thickness  of  normal  middle  sand 
extending  horizontally  for  several  hundred  yards.     I  have  likewise 
examined  a  newly  cut  section  (Aug.  1, 1877),  nearly  200  yards  long, 
at  Egremont,  which  shows  a  striking  difference  between  the  lower 
and  npper  clays.     The  columnar  structure  of  the  latter  is  here 
strikingly  developed ;  and  the  greyish- white  faces  of  its  fractures 
make  it  appear  almost  like  a  range  of  chalk  cHffs.     The  saod  at  its 
base  is  evidently  on  the  same  horizon  as  the  thick  bed  at  Codling 
Gap,  some  distance  to  the  south.    The  surface  of  this  bed  presents 
the  appearance  of  having  been  finely  ripple-marked  immediately 
before  the  tranquil  deposition  of  an  inch  in  thickness  of  leaf-like 
laminae  which,  within  the  vertical  space  of  a  few  inches,  graduate 
into  the  typical  upper  clay.     Similarly  marked  junctions  may  be 
seen  near  Chester.     The  last  time  I  visited  the  Bootle  new  dock- 
sections  I  particularly  noticed  that  the  striae  on  the  flattened  sur- 
faces of  the  large  boulderB  (nearly  all  of  which  are  so-called  green- 
stone) ran  in  various  directions  without  any  special  relation  to  the 
longer  axes  of  the  stones.     Having  been  unable  to  trace  these  (and 
kindred  boulders  at  Dawpool)  to  the  Lake-district,  I  sent  specimens 
to  Mr.  James  GeiMe,  F.R.8.,  who,  along  with  Mr.  Home,  recognized 
them  as  having  come  from  the  outskirts  of  Criffell  Mountain. 

Professor  Hull  has  enabled  me  to  trace  a  large  boulder  of  calcare- 
ous conglomerate  (which  may  be  seen  in  an  upper-clay  brick-pit 
south  of  Wrexham)  to  the  lower  Keuper  beds  of  the  Delamere  or 
Peckforton  hills,  from  which  its  course  must  have  been  nearly  at 
right  angles  to  that  of  the  Eskdale  granite  with  which,  in  the  brick- 
pity  it  is  associated. 
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Bhdb  the  two  great  gnmpe  <^  conditions  which  mainly  detenoxne 
the  general  form  and  shaping-out  of  yolcanic  cones,  many  seooodair 
fortes  concur  in  greater  or  less  degree  in  the  production  of  the  varied 
and  often  complicated  phenomena  which  constantly  or  ooeasionalty 
are  obserr^ble  in  or  aroand  these  cones.  Some  of  these  forces  are 
mechanical,  other?  physical  or  molecular,  acting  separately  or,  more 
often,  in  combination.  It  is  not  my  intention  here  to  eot^  npoa 
any  sp^ematic  discussion  of  the  j^y  of  these  varied  forces,  vhu^ 
it  mar  be  remarked,  have  never  yet  been  submitted  to  a  careful  and 
systematic  analysis  by  the  mechanical  and  physical  philosopher,  and 
which  remain  amply  to  reward  competent  labour,  when  bestowed 
upon  them,  hut  wluch  can  only  be  adequately  treated  at  a  length  and 
in  such  detail,  descriptive  and  analytic,  as  must  extend  to  a  toIubm;, 
or  at  least  to  a  succession  of  memoirs. 

My  present  purpose  is  merely  to  notice  prominently  one  cir^ 
cimistance,  very  commonly  belonging  to  the  piling-up  of  rolcanie 
cones,  which,  so  far  as  my  knowledge  extends,  has  aitirely  esca^ied 
hitherto  the  observation  of  vulcanists,  but  which,  nevertheleas,  must 
often  exercise  important  influences  upon  the   exterior  form  and 
internal  structure  of  volcanic  cones,  especially  at  and  ahout  their 
lower  portions,  and  may  even  occasionally  af[e«t  surroimding  strata, 
entirely  outside  the  circuit  of  the  base  of  the  cone.     Volcanic  coitrs 
as  found  upon  our  globe,  when  largely  viewed  are  little  else  than 
**  cinder- tips,"   aggregated  of  the  loose  material  blown   out  in  a 
heated   but   discontinuous  state,  and  of  fused  matter  helched  <ff 
poured  forth.     They  are  therefore  evidences  of  that  exi^osive  action 
which  characterizes  fitfully,  or  constantly,  all  existing  volcanic  actios, 
and  which  appears  to  me,  in  common  with  many  able  American 
geologists,  to  distinguish  it  from  those  quiet  and  unexploaive  over- 
flows of  melted  matter,  which  often  take  place  upon  a  scale  muc& 
vaster  than  anything  which  is  presented  to  us  by  existing  volcanic 
action.     Such  outflows  appear  referable  to  a  geolc^cal  epoch  more 
or  lei«  anterior  to  those  which  belong  to  the  existing  volcanic  regim€ 
of  our  globe.     We  cannot  as  yet  fix  with  any  exactness  the  boon- 
daries  in  geological  time  when  the  earlier  system,  rou^y  called 
that   of    **  fissure-eruption '^  gradually   ended,    and    the    existing 
"  system  of  ejection  ^  at  explosive  foci,  and  the  heaping>up  of  oa&» 
of  ejected  material,  began. 

I  have  ventured  to  express  my  belief  that  our  existing  volcanic 
system  dtx«  not  go  back  much  beyond  the  Tertiarj*  period.  Upon 
this  much  difference  of  opinion  may  exist,  and  is  justifiable  in 
otir  existing  ignorance  of  the  actual  circumstances  of  almost  all  the 
volcanos  of  our  globe ;  and  years  of  the  patient  labour  of  many  fdture 
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▼nlcanistB  will  have  to  peld  up  their  fruit  before  our  knowledge 
of  even  the  external  and  visible  phenomena  of  Tolcanic  action  can  be 
rescued  from  the  region  of  guesswork  and   of  assumption,  and 
explained  without  laewuB  by  the  acknowledged  laws  of  matter  and 
motion  as  part  of  the  phi/gique  du  globe.    This  much,  however,  we 
axe  BO  far  probably  justified  in  affirming,  that  the  channels  leading 
to  existing  volcanic  foci,  very  commonly,  if  not  generally,  reach  the 
surface  through  comparatively  recent  rook  formations,  and  through 
stratifted  rocks  the  beds  of  which  are  seldom  of  great  thickness — 
rooks  which,  considered  lithologically,  are  inferior   in  hardness, 
rigidity,  and  cohesion,  and  which  are  occasionally  found  to  be  inter- 
calated with  formations  presenting  still  less  mechanical  resistance  to 
forces  externally  applied.    To  these  general  facts -there  are,  however, 
remarkable  local  exceptions.     Thus  the  volcanic  cones  or  jpuys  of 
Anvergne  appear  for  the  most  part  to  be  based  upon  an  enormous 
tabnlar  granite  formation  of  unknown  depth,  through  which  the 
▼olcanic  ducts  or  channels  had  reached  the  surface  without  serious 
dislocation  or  brealoDg-up  to  any  considerable  extent  of  the  rigid 
material  through  which  they  have  pierced,  by  a  mechanism  as  to 
the  nature  of  which  we  had  best  confess  our  ignorance ;  for  we  have 
no  evidence  of  a  trustworthy  character  to  indicate  whether  those 
dncts  which  have  reached  the  surface  have  followed  between  the 
jaws  of  preexisting  fissures,  and  where  the  resistance  of  the  solid 
granite  had  previously  been  weakened,  or  whether  at  certain  local 
spots    hypogean    heat,   whencesoever  originating,  had    gradually 
reached  the  surface,  more  or  less  disintegrating  and  softeniug  the 
rock  in  its  progress  upwards  by  conductivity,  until  at  length  the 
softening  and  breaking-np  by  heat,  extending  from  the  more  or  less 
deep  foci  of  fusion  to  the   surface,  had  advanced  so  fstr  that  the 
admission  of  water,  whether  meteoric  or  already   deposited   and 
drained   from  river-channels  or  lakes  and  reaching  the  interior 
through  fissures,  commenced  that  explosive  action  by  which  the 
volcanic  duct  was  opened    to    the  air   and   the   heaping-up   of 
ejecta  into  a  cone  commenced.    Many  circumstances  connected  with, 
thepwy*  of  Auvergne,  more  especially  the  general  uniformity  and 
fine  comminution  of  the  material  of  which  they  consist,  as  well  as 
their  extinction  after  a  brief  period  of  activity,  induced  me  to  con- 
jecture that  they  were  thus  originated,  and  that  the  material  of  the 
respective  cones   consisted    of   tufaceous  or    other    disintegrated 
material  preexisting  at  no  great  depth  beneath  the  huge  table  of 
granite  through  which  it  has  been  eviscerated.     Unless  we  except 
the  case  of  Monte  Nuovo  in  the  Phlegraean  Pields,  no  volcano  has 
ever  been  seen  by  any  competent  observer  in  the  act  of  bursting 
forth.    Even  in  this  solitary  instance,  although  the  facts  recorded 
by  the  only  two  personal  witnesses  who  have  left  a  record  of  their 
obserrations   of  the  outburst  make  quite  dear  the  leading  phe- 
nomena of  the  new  birth  of  the  mountain,  some  of  the '  state- 
ments as  to  minor  phenomena  throw  some  doubt  upon  their  com- 
petence as  observers. 

However,  no  record  exists  as  to  the  state  of  the  ground  prior  to 
aJ.G.S.  No.  132,  3  c 
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t^  OHtbonl  and  it  w«old  ksi«  Wca  U^lr  iapigtaBt  to 
-wheHtex  in  thiis  »  in  mibj  odier  oiamcd  caM%  wA  fv 
fruec  ac£sTie  Toucaak  Tcnt»  ipoU  or  portMos  cf  tke  gnnnd 
■■riMie  had  beoocoe  Bore  or  lev  IcjeUt  heated  bcfime  an jj 
nacharirjJ  di«^arba3koe  had  taken  place.  In  all  Tofeanic 
namerc^as  fpcAa  are  to  be  IbiiDd  akui  tlie  groond  ii  faigUj 
br  \he  aciaaDo  <d  onall  dirided  it  re  a—  td  Ueam  (probafaij  i 
Weaie^f ..  and  of  benled  gaaes :  bat  ddt  k  not  a  ease  in  point ; 
here  UM^  hetl  is  e«Tci«d  and  brofi^  to  the  HirfMe  bj  r 
£:di&,  o£  widjh  wefl-mazked  cxaaples  are  load  at  D  Stnfi«  in  ihe 
IsliLTid  ci  lipui,  aad  in  the  neighbourhood  of  FoazaoiL  In  the 
iftlA£.d  ci  TiLcMiix,  howe^rr^  {ont  id  the  lipari  gtonp^  1 1  obauwtd 
well-marked  iosxaaeca  vhefe  the  ground,  conoirmg  of  Tofeanie 
peV:  left  ziA  stiid,  aras  too  h>t  to  itaiMl  npon ;  and  in  one  ease,  n  lev 
jard«  oi&isiiie  the  fiea-mazgin  the  sea-bottom  of  Tokanic  aand  vaa 
too  hx  to  be  borne  br  tike  naked  foot,  ahhoogh  the  aen-vats 
ccnermj;  the  h-ja^L^n  vas  neaiiy  a  yard  in  depth ;  jet  here  not  a 
bubble  of  gas  t steam  might  hare  been  eondeneedi  was  seen  to  be 
emiuea  or  to  rise  £r>m  the  vaster.  Many  other  imtanrrs  of  heated 
acii  vitboQt  emissoii  of  steam  or  gases  are  to  be  foinid  aeattered 
thn>ai:h  the  p«a?es  of  obserraot  trarellers :  and  I  need  not  addnee  in- 
stances frcnn  these.  We  mar  be  justified  in  presoming  that  this  aott 
of  iucaJ  th inning  and  softening  of  eertain  ^ots  may  be  one  of  the 
ways  I  however  incapable  as  yet  of  being  explained  fsSlj  in  all  its 
d£<.&Ils  I  in  which  new  volcanic  Tents  are  opened. 

However  the  pen<?lrat:<:in  of  the  soifiee  may  take  plnoe^  the 
material  which  is  ejected  from  the  opened  orifice  is  deposited  and 
heaped  np  arooc  d.  the  ring- formed  mound  being  oontinnaDy  increaaed 
in  height  acd  in  diameter  by  additions  of  material  showered  tqton 
it,  or  added  to  it  in  a  liquid  state  by  omflow  or  injection.  If  the 
ori^n  J  penetration  be  throng^  a  level  plane  snr^ee,  whether  of 
discontinoous  or  of  ooheient  rock-materiaL  the  first  deposits  must 
conform  to  the  contonr  of  the  plane  on  which  they  rest.  Bnt  as 
deposition  |MX»oeeds  and  each  layer  of  matter  is  brought  to  rest  upon 
the  uppermost  of  those  previously  deposited,  so,  eould  we  dissect 
and  8ei*arate  the  soceeasiTe  layers  of  deposit,  we  should  find  that 
the  inclination  ci  the  layers,  at  least  npon  the  exterior  side  of  the 
ring- formed  mound,  continually  increased,  up  to  a  certain  limit  of 
sloj'e  or  an^  of  repose,  dependent  upon  the  nature  <ti  the  material 
itself — after  which  the  an^  of  sl<^  of  succeeding  deposits  does  not 
increaf<e,  but  the  slope  is  more  or  less  disturbed  and  modified  by 
great  slippages  of  the  already  deposited  material  taking  place  at  one 
or  at  many  points  round  the  circumference.  Such  sHi^nges  abo 
occur,  and  still  more  frequently,  from  the  internal  6l<^ ;  and  these 
falling  back  into  the  crater-orifice  are  again  ejected  ;  but  the  intoior 
d  the  mound  or  cavity  of  the  crater,  b^ng  in  fiict  constantly  exposed 
to  a  hi^  temperature,  and  to  the  baking  and  chemical  actions  due 
to  contact  with  the  torrent  of  heated  gases,  vapours,  and  solid 
ejeeta  rushing  past,  becomes  like  that  of  the  vast  flue  <d  a  foinaoe, 
indurated;  ao  that  the  an^e  of  the  interior  oi  the  crats*  is  not  the 
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Bame  as  tlxat  of  the  exterior,  being  always  much  steeper,  and  often 
even  vertical,  and  no  longer  dependent,  as  is  the  slope  of  the  exterior, 
mainly  upon  the  angle  of  repose  of  the  materiaL 

For  OUT  present  purpose,  howeyer,  it  is  unnecessary  to  enter  upon 
the  more   complex  conditions  which  a£fect  the  building-up  of  the 
interior  sides  or  craters  of  volcanic  cones.     Enough  has  been  said  to 
show  that,  as  the  deposition  of  the  matter  of  the  cone  proceeds,  the 
pressure  of  the  huge  mass  upon  the  base  on  which  it  rests  con- 
linually  increases  with  the  increase  of  deposited  matter ;  and  if  we 
assume  that  the  material  of  the  cone  is  discontinuous  and  free  from 
intercohesion  of  its  parts — an  assumption  quite  allowable  considering 
the  very  small  cohesion  observable  in  all  known  volcanic  materials, 
regarded  in  large  masses,  such  as  those  of  entire  cones, — then  the  pres- 
sure upon  the  base  per  unit  of  surface  will  be  approximately  as  the 
vertical  depth  of  material  above  that  unit  of  base ;  and  as  the  depth  of 
deposited  material  is  greatest  at  and  about  the  summit  of  the  volcanic 
cone,  so  the  maximum  pressure  upon  the  unit  of  base  will  be  situated  in 
the  line  of  a  closed  curve,  approximating  to  a  circle,  not  far  distant  from 
the  summit  of  the  interior  slope,  or,  in  other  words,  beneath  the  closed 
curve  drawn  through  the  junction  of  the  anticlinals  of  the  inner  and 
outer  slopes.    But  the  area  of  the  crater  of  all  terrestrial  volcanos  is  so 
small  in  proportion  to  the  whole  base  of  the  mountain,  that  it  will 
be  sufficiently  accurate  for  our  purpose  to  consider  the  pressure 
upon  the  unit  of  surface  of  base  to  increase  constantly  from  tbe 
outer  toe  of  the  slope  of  the  exterior  of  the  mountain  to  the  centre, 
and  to  be  everywhere  proportionate  to  the  depth  of  material  resting 
on  the  imit  of  base.     If  the  ejected  material,  be  deposited  upon  a 
plane  of  coherent  material,  such  as,  in  the  exceptional  case  referred 
to,  is  the  table  of  granite  underlying  the  puys  of  Auvergne,  then 
the  arrangement  of  the  material,  deposited  as  just  described,  must 
Temain  unaltered,  excepting  so  far  as  future  violent  efforts  of  volcanic 
force,  or  the  external  changes  in  form  producible  by  rain-torrents, 
&c,  may  affect  it.  If  the  base  of  the  mountain  consists  of  less-resistant 
strata,  as  in  the  case  of  the  softer  and  more  pliable  stratified  forma- 
tions, and  in  the  instance  of  Etna,  it  may  yield  more  or  less  to  the 
tonstantly  accumulating  weight  of  matter  deposited  upon  it,  and  be 
depressed  more  or  less  below  the  position  which  it  occupied  prior  to 
the  deposition  of  the  cone.     It  follows,  therefore,  that,  could  we  lay 
bare  such  a  base,  we  should  find  that  the  originally  flat  or  level  sur- 
fece  had  been  depressed  so  as  to  form  a  saucer-shaped  or,  roughly,  an 
inveTted  conoidal  concavity,  the  depression  being  greatest  at  or 
near  the  central  parts  of  the  base,    and    becoming  evanescent 
wound  the  margin  or  toe  of  the  outer  slopes  of  the  mountain. 
It  win  follow  from  this,  that  as  the  earliest  deposited  strata  of  the 
oone,  as  has  been  already  shown,  sloped  outwards  at  a  very  small 
wagle,  BO,  during  the  progress  of  very  slow  descent  of  the  mass  fol- 
lowing down  into  the  concavity  made  by  its  own  weight,  the  descent 
^ing  greatest  nearest  the  centre,  these  lowermost  strata  of  the 
cone,  could  we  lay  them  bare,  would  be  found  either  to  slope  out- 
ward at  a  less  angle  than  they  did  at  first,  or,  the  amount  of  depres- 
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wm  Imng  suftcieiit,  to  haye  dianged  their  direetum  oC  fftift 
ahogether,  and  now  to  slope  sjndinally  towards  the  centre  ei  tk 
aoontain^  fc^owing  in  fi^i,  more  or  less,  the  shape  of  the  ooacsntr 
of  d^reasioa  of  the  haae ;  and  this  change  of  indination  will  beoo^ 
kaa  mod  Itm  m  we  asoend  higher  in  the  mountain  mass.  Foitte- 
more,  if  tiie  material  of  tiie  hase  he  still  less  reastant^  90  aa  is 
present,  when  Tiewed  on  tiie  great  scale,  a  certain  semlUaoeB  d 
plastieitT,  then  &e  ccmcare  depression  of  the  strata  henea^  iht 
hase  maj  gire  rise  around  the  foot  of  the  mountain  to  uprise  tf 
the  strata,  and  their  swdling  into  protuberances  of  greater  or  km 
height ;  so  that  the  final  form  of  repose  of  the  base,  after  tiie  eoa* 
shall  haTe  arrired  at  a  certain  mi^nitude,  would  consist  of  a  oeuliii 
saucer-shaped  depression  surrounded  by  a  low  c<HiTex  xiag  of 
irregular  ptotuhttanees,  rbing  somewhat  above  the  le?«l  ^  l^ 
<Mriginal  i^ane,  and  at  their  outward  boundary  falling  into  or  eaia' 
ciding  nith  that  jdane.  Nearly  the  same  succession  of  phcMneai 
win  take  place,  whether  the  cone  be  deposited  as  we  have  00  te 
assumed,  upon  a  base  more  or  less  yielding  of  non-voleanio  fionar 
tioBs,  or  whether,  as  is  so  often  the  case  in  old  and  great  areas  «f 
Tolcanic  action^  the  newly  formed  cone  shall  hare  been  deposited 
upon  the  spread-out  ruins  of  former  volcanos  or  upon  the  Tolcaiw 
strata  constituting  the  flanks  of  preexisting  cooes.  Thus  ths 
enormoQS  masses  of  Monte  Vulture  penetrate  directly  throng  ani 
are  based  upon  the  Ap^mine  limestones  and  other  recent  strata ; 
but  Monte  Xuoto  and  numbers  of  other  cones  of  the  Phlegneaa 
Fields  hare  pierced  through  and  rest  upon  volcanic  formations,  to  a 
lar^  ^:tent  the  ruins  of  prerioos  cones. 

It  foUows,  tnm  what  has  been  stated,  that  we  should  be  prepared 
to  find  the  lower  portiona  of  many  volcanic  cones  sloping  not  out* 
wardly  at  all,  but  inwardly  and  towards  the  centre  of  the  mountain; 
and  that  the  beds  around  the  base  have,  by  the  movement  reanhing 
from  the  dei^ession  oi  the  base  of  the  mountain,  had  their  pootioa 
altered  so  that  for  a  considerable  distance  around,  though  not  beneath 
the  base*  they  also  slope  inward  and  downward  syndinally,  eoin* 
ciding  more  or  lees  with  the  form  of  depression  of  matter  hdow  tiw 
base.  Those  who  are  unacquainted  with  the  phenomena  <^  dis- 
placement, and  the  extent  of  movement  that  can  take  place  in  the 
material  of  our  earth's  surface,  induced  by  inequality  of  loading, 
may  perhaps  at  first  regard  with  some  degree  of  incredulity  the 
reality  of  such  movements  due  to  natural  causes  as  have  beea 
already  described ;  but  facts  are  well  known  to  dvil  engineen  and 
architects,  which  sufficiently  prove  that  we  do  not  exaggerate  tilt 
effects  of  like  forces  operating  upon  the  gigantic  scale  of  natarsL 
Bailway  embankments  for  example,  when  they  exceed  a  very  mode* 
rate  altitude,  force  themselves  by  their  own  weight  into  the  ground 
upon  which  they  are  placed,  so  that  the  previoosly  flat  sur&oe  be* 
comes  depressed  into  a  hollow  or  long  shallow  trough,  in  breadth 
equal  to  the  base  of  the  embankment ;  and  very  frequently  the 
surface  of  the  ground  at  one  or  both  sides  of  the  embankment  is 
forced  up  into  a  long  swelling  mound,  more  or  less  nearly  equal  in 
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lengrtli  to  that  of  the  embankment,  and  often  fiflsured  or  cracked 

i^ransversely  by  deep  clefts.    Again,  the  extent  to  which  thegronnd 

l>exieath  ihe  foundation  of  ponderous  architectural  Btructores,  such 

AS  oathedral-towers,  has  been  known  to  become  compressed^  is  as 

i-emarkable  as  it  is  instructiye  and  curious.    The  amount  of  de* 

preesion  in  some  cases  may  be  measured  by  feet ;  and  although  the 

^undation  may  be  laid  in  material  of  great  apparent  uniformity,  its 

resistance  to  superincumbent  weight  when  sufficient  to  cause  dis* 

placement  may  prove  far  from  uniform*    Thus  the  Campanile,  or 

leaning  tower  of  Pisa,  and  the  great  square  brick  tower  (only  the 

lo^wer  half  of  which  remains)  at  Bologna  (the  upper  half  having  fallen 

off),  have  had  the  ground  beneath  each  of  them  compressed  un-> 

equally,  and  at  one  side  to  the  extent  of  several  feet*.     Yet  the 

extreme  pressure  imposed  on  the  unit  of  surface  of  any  architectural 

or  engineering  structure  upon  our  globe  is  but  a  feather-weight  as 

compared  with  the  pressure  per  unit  of  surface  beneath  the  base  of 

any  volcanic  or  other  mountain  of  even  moderate  height. 

While  the  controversy  raged  between  the  advocates  of  **  craters  of 
elevation,''  led  by  Yon  Buch  and  Elie  de  Beaumont,  and  those  who 
with  Lyell  expressed  the  more  rational  notion,  which  may  now  be 
considered  establithed,   that  volcanic  cones  and  their  craters  are 
consequences  of  deposition,  the  advocates  of  those  respective  systems 
ivere  much  more  occupied  with  finding  arguments  in  favour  of  their 
own,  and  against  the  views  of  their  opponents,  than  with  carefully 
examining  the  actual  facts  in  the  structure  of  volcanic  cones ;  and 
hence  the  important  fact  of  the  change  in  position  and  of  level  in 
the  bases  of  volcanic  cones  during  the  long  periods  occupied  by  their 
deposition,  has,  so  far  as  my  knowledge  goes,  hitherto  entirely 
escaped  the  notice  of  geologists.     Yet  the  phenomenon,  although 
firequently  difficult  of  observation,  must  be  of  such  frequent  occur- 
rence as  to  deserve  the  prominence  and  explanation  here  sought  to 
be  given  to  it. 

Li  addition  to  the  cause  which  has  been  already  referred  to,  for 
the  alteration  of  direction  and  position  in  the  lower  beds  and  be- 
neath the  bases  of  volcanic  cones,  namely  the  effect  of  mere  weight 
in  forcing  downwards  the  lower  part  of  the  mountain,  another  ad- 
juvant cause  must  very  frequently,  if  not  always,  eome  into  play, 
producing  depression  and  alteration  of  slope  in  the  lower  parts  axid 
beneath  the  base — namely,  the  excavation  and  honeycombing  and 
evisceration  whidi  is  continually  going  on  beneath  such  mountains. 
'Where  such  excavation  takes  place  at  considerable  distances  from 

*  The  Campanile  or  Leaning  Tower  of  Pisa,  built  in  the  12th  oentuiy,  is 
cylindrical  and  about  150  feet  in  height ;  and  the  dense  clay  upon  which  it  has 
been  founded  has  compressed  unequally,  so  that  the  tower  at  one  side  OTer- 
hangs  its  base  by  about  14  feet  The  two  square  p^amidal  towers  of  brick  at 
'  Bologna  were  also  built  in  the  12th  century ;  the  higher  and  nearly  complete 
one,  usually  called  11  Torre  d'Asinelli,  after  the  name  of  the  founder,  is  25o  feet 
in  height^  and  stands  nearly  plumb ;  the  other,  called  Gariaenda,  is  only  about 
half  that  height,  and  leans  over  to  one  side  so  that  the  summit  oyerhaj)g8  the 
base  by  about  9  feet  The  latter  tower  is  referred  to  by  Dante  in  the  Slat  canto 
of  the  *  Inferno.* 
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tiw  axils  tfaioQgfa  dactB  Btoated  at  tctt  great  depths,  no  £JEaf-ii 
or  aheratioa  of  ssrfaoe  say  be  apparent,  just  as  tbe  fillisf-vp  sf 
catH>:^  beds  of  eoal  bj  tbe  ** creep"'  or  gradual  fbrang-op  by  e^et- 
iBTsmbeiit  preaeoTe  of  the  ^  eoal  seat  **  until  that  reaches  the  roof, 
ghies  DO  eridenoe  at  the  asAot  of  sodi  snbterranean  moTcnoa; 
bet  vhere  the  excaTation  goes  on  at  bat  an  inconsiderable  depth, 
pordoos  of  Tolcanic  cooes  gtre  vaj  and  fall,  so  that  the  descestdza^ 
marecial  core  or  less  nils  npthe  prerioas  caritT.  This  I  considffta 
be  ibe  mode  of  prodojction  of  the  Val  del  Bore,  and  of  the  sisgalir 
wiiII-SKied  caxitT  knovn  as  the  Cistema,  and  situated  apoA  i^ 
Piaao  above.  Both  these  rast  depreseed  and  wall-«ded  caTxDa 
appear  to  nae  to  present  many  unmistakable  eridenees  of  havia; 
bmi  tha<  formed  by  drof^ang  dovn,  whether  at  one  im*  at  soecesBivt 
times,  of  pord.nt  of  the  mountain,  whose  support  beneath  bad  beea 
casen  oat  until  it  beeanve  inauffiGent.  The  forms  ol  the  roeky  steepi 
fSTTocnding  these  cartties,  more  e^»ecially  that  of  the  Cistenia,  for- 
bid the  suppositiMi  that  they  were  anywhere  the  flanks  of  andnt 
craten ;  on  the  contrary,  they  hare  all  the  diaracters  presented  hj 
rock  masses  which  hare  been  broken  up  and  fallen  from  want  df 
scppcrt  beneath.  In  my  earthquake-expedition  of  1857,  I  obaerred 
in  the  great  mountain  gorge  of  Compostrina,  which  separates  die 
Tal  di  Diico  \  where  the  rirer  is  eadled  the  Calore)  from  the  next 
TsIIf y  lower  down  ( where  it  assnmes  the  name  of  Tanagro),  a  coo- 
sideraMe  number  of  deep  wall-sided  cavities  precisely  resembling  ia 
physical  character  that  €^  the  Gstenia — though  not  Tolcanic,  yet  pco- 
duced  by  a  mechanism  dosely  analogous  in  its  effects. 

The  water  of  the  Calore  debouches  from  the  Val  di  Diano  by  tws 
chanceb  diverging  from  the  same  spot :  one  of  these  is  a  subaerial 
torrents  as  muddy  as  aU  the  rest  of  the  river,  which  finds  its  way 
through  the  tremendous  gorge  into  the  lower  valley :  but  another, 
aub(erTane*:u$  channel,  into  which  a  prodigious  volume  of  water 
enters,  dnds  its  way  in  darkness  beneath  the  solid  limestone  rock  of 
the  mountain,  mud  only  reappears  at  the  mouth  of  the  great  eavern 
calltd  St.  Michael,  where  the  water,  now  become  perfectly  p^ucid 
by  subterranean  depo^tion,  reappears  and  joins  the  muddy  stream 
of  the  subat-rial  torrent.  The  waU-sided  cavities  just  referred  to 
ftne  seen  to  form  an  irregular  chain  on  the  flank  of  the  mountain, 
and  are  no  doubt  situated  vertically  above  the  irregular  duct  beloir, 
which,  continually  eroding  its  whole  walls  and  weakening  its 
covering  rock,  has  in  some  places  caused  the  latter  to  drop  down. 
Some  phenomena  well  known  to  the  inhabitants  definitely  support 
this  view  of  the  formation  of  these  vast  pits  with  wall  sides,  and  a 
bottom  covered  mith  huge  fragments  of  broken-up  rock.  On  more 
than  one  occasion  the  water  discharging  from  St.  Michael  has  sud- 
denly become  turbid  and  for  a  time  greatly  diminished  in  volume; 
and  on  such  occasions  a  new  cavity  has  been  found  to  have  fimned 
somewhere  on  the  mountain. 

It  is  only  necessary  to  examine  the  forms  of  these  great  pits,  so 
greatly  resembling  the  Cistema  and  those  to  be  found  in  manj 
places  on  volcanic  mountains,  to  come  to  the  conclusion  that  both 
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have  been  f onned  by  fallmg-in  of  saperincTimbent  masses  deprived 
of  support  beneath,  although  in  the  one  case  the  removal  of  support 
has  been  produced  by  volcanic  erosion,  and  in  the  other  by  that  of 
running^  -water  in  subterraneous  channels.    For  a  more  particular 
accoant  of  these  curious  cavities  see  vol.  i.  of  my  Report,  to  the  Royal 
Society,  on  the  great  Neapolitan  earthquake  of  1857.     Besides  large 
areas,  snob  as  those  of  the  Cistema  and  Val  del  Bove,  which  by  the 
nft^chanism  assigned  had  fallen  in,    though  gradually   or  piece- 
meal, yet  -with  sufficient  rapidity  to  be  denominated  per  saltum  move- 
ments (which  can  only  occur  where  the  surface-rocks  of  the  cone 
are  msissive  and  coherent),  it  cannot  be  doubted  that  the  continual 
evisceration  always  proceeding  from  active  vents  by  the  blowing-out 
of  dust  and  lapilli  must  be  attended  with  gradual  creeping-in  of 
subterranean  ducts  and  equally  imperceptible  descent  in  the  whole 
body,  and  more  especially  in  Uie  lowermost  parts  of  the  mountain 
mass. 

"We  have  thus,  in  conclusion,  established  the  existence  of  two 
separate  bnt  cooperative  causes,  operative  in  all  active  volcanic  cones, 
unless  perhaps  those  few  which  are  based  upon  solid  and  practically 
unalterable  rock  (such  as  the  Puys  of  Auvergne),  tending  to  alter 
the  position  and  level  of  the  strata  of  deposition  of  volcanic  cones. 
The  modifying  forces  have  therefore  seemed  to  me  of  sufficient  im- 
portance to  deserve  the  somewhat  fuller,  though  still  imperfect,  ex- 
planation of  them  which  I  have  here  attempted.     With  the  ex- 
ception of  the  very  brief  reference,  in  application  of  the  facts,  to  be 
found  in  my  paper  on  the  Dykes  of  Somma  (Quart.  Joum.  GeoL  Soc. 
vol.  xxxii.  page  493,  commencing  at  line  32  from  the  top)  I  am 
not,  as  has  been  already  stated,  aware  that  the  matter  treated  of  in 
this  paper  has  been  noticed  by  any  previous  writer  on  volcanos*. 

*  Assuming,  as  may  safely  be  done,  that  volcanic  cones  are  on  the  whole  dis- 
continuous masses,  the  pressure  upon  the  unit  of  surface  beneath  the  base  of  such 
a  mountain  will  be  everywhere  proportionate  to  the  vertical  depth  of  the  material 
superimposed  thereon.  If,  therefore,  we  assume  a  cone  20,000  feet  in  height, 
and  take  the  density  of  its  material  to  be  as  low  as  112  lb.  per  cubic  foot  (the 
figures  which  I  have  adopted  in  my  paper  on  *'  the  Nature  and  Origin  of  Vol* 
oanio  Heat  and  Energy,  Phil.  Trans,  pt.  i.  1873),  the  pressure  on  the  base 
would  be  1000  tons  per  superficial  foot;  and  if  the  whole  mass  were  of  a 
density  as  great  as  that  of  pyroxene,  the  pressure  would  be  about  one  half  more. 
This  is  but  a  rough  approximation,  and  probably  much  below  the  truth,  as  the 
discrete  material  must  of  itself  acquire  increased  density  with  time  by  the 

Sressure  of  its  own  superincumbent  mass.  It  is  a  difficult  physical  question  to 
etermine  oonjecturaliy  whether  if,  given  discontinuous  material,  as  actually 
found  in  nature,  the  pressure  on  the  base,  the  depth  being  given,  will  decrease 
inversely  as  the  surface  thereof;  for  there  is  little  to  guide  us  to  an  accurate 
opinion  as  to  whether  the  base  of  an  entire  mountain  can  compress  the 
inaterial  beneath  it  to  a  greater  or  less  extent  than  the  same  amount  of  pressure 
would  compress  a  single  square  foot  of  the  same  base.  The  base  in  such  large 
instances,  however  rigid,  unless  it  be  of  continuous  and  coherent  rock,  must 
transmit  the  vertical  pressure  outwards  laterally  in  all  directions,  somewhat 
after  the  fashion  of  the  quaquaTcrsal  pressure  of  liquids ;  and  many  complex  con- 
■iderations  enter  into  tne  question  of  how  far  in  any  given  case  those  lateral 
pressurei  may  extend. 
To  contrast  this  roughly  with  the  actual  pressure  visited  upon  the  unit  of 


Digitized  by  VjOOQIC 


748  B.  MALLEI  OK  THB  PUJ^e-XTP  OW  TOLCAITIO  COfSM. 

DlBCTTBSIOH. 

Prof.  JuDD  said  that  the  subject  treated  of  by  l£r.  Hallet  wbs  (fie 
of  great  importance  in  considering  the  phenomena  of  the  formita 
of  volcanic  cones.  At  the  same  time  he  remarked  that  the  sxH^ 
had  by  no  means  been  altogether  orerlooked  bj  previous  ▼ritov 
The  inward  dip  of  some  beds  had  been  noticed  in  Icelandic  volcusik 
and  also  by  Mr.  Darwin  in  some  of  thoee  observed  during  the  voy«g> 
of  the  '  Beagle/  and  described  in  his  work.  The  same  phenoBteBM 
also  occurred  in  New  Zealand.  Prof.  Judd  said  that  he  had  hsmt^ 
shown  in  the  case  of  the  great  volcano  of  the  island  of  KuH  this 
the  admission  of  this  dip  towards  the  centre  is  essential  to  the  o 
prehension  of  the  structure  of  that  volcano,  and  calculated  the  smoiiit 
of  change  that  has  taken  place  in  the  inclination  o£  the  matmaJ^ 
of  which  it  is  composed.  He  also  stated  that  he  could  find  bo 
difference  in  the  mode  of  volcanic  action  in  older  and  more  reee^ 
times. 

The  AuTHOB,  in  reply,  said  he  perceived  he  had  laid  himsdf  op« 
to  the  remarks  which  had  been  just  made  by  not  having  saMdea^ 
distinguished  in  his  paper  between  the  effects  due  to  eviscermtka 
and  those  which  he  attributed  to  subsidence  by  the  continuallj  in- 
creasing weight  of  material  evolved  from  the  base  of  a  volcanic  oooe. 
There  was  nothing  new  in  the  fact  that  evisceration  must  produce  sab- 
sidence ;  that  had  long  since  been  noticed  by  writers  on  wioaaos ; 
and  the  depression  thus  produced  may  affect  the  form  of  the  base  d 
the  cone  in  any  way.     The  point  to  which  the  author  iuteDd*^ 
specially  to  draw  attention  was,  that  the  heaping-on  of  matt^  i& 
the  production  of  a  volcanic  cone  must  alter  the  base  in  a  d^nite 
form,  so  that,  assimiing  the  cone  to  be  deposited  upon  an  ongioAl^ 
level  plain,  the  effect  of  the  imposition  of  the  cone  would  be  to  de- 
press the  base  into  the  form  of  a  saucer  or  bowL 


base  of  ardiitectuiml  itniclurea,  let  ns  aaBame  a  round  hnA  chniiii«7  tftalk  (soik 
aB  examples  exiitine  in  the  neighbourhood  of  Glaseow  and  elsewhere),  the  ^ 
meter  at  the  base  being  40  feet,  the  thickness  there  5  feet,  and  the  beig^ 
400  feet,  the  batter  and  reduction  in  thickness  with  height  beinr  as  usual  in 
such  cases.  Assuminft  the  bridrwork  to  weieh  112  lb.  per  cubic  foot,  the  prt^ 
sure  per  square  foot  c?  base  would  be  only  about  6  tons.  But  as  the  deeignert 
of  such  structures  judiciously  enlarge  the  area  of  base  by  external  oisets  and 
other  means  until  the  area  is  doubled  or  more,  so  the  actual  pressure  would  m 
this  instance  be  only  from  2  to  3  tons  per  square  foot  Yet  sudi  loAy  ^ 
narrow  structures  as  that  here  adduced  risit  a  more  serere  stress  upoa  tbcff 
base  and  foundations  than  probably  any  others  within  the  whole  rangt  ^ 
architecture  and  engineering.  All  reference  is  of  course  exdnded  here  froo 
piled  or  other  purely  artificial  foundations,  such  as  are  employed  beneath  the 
piers  of  large  bridges,  &c. 
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41.  NoTBS  an  some  Becent  Disoovebieb  of  Coppeb-obe  in  Nota 
Scotia.  By  Edwik  Gilpik,  Esq,,  M.A.,  F.G.S.,  Mining  Engi- 
neer.   (Read  June  20, 1877.) 

A1.THOU6H  for  many  years  the  presence  of  various  ores  of  copper  was 
known  in  this  province,  it  is  but  recently  that  discoveries  have  been 
made  of  economic  value. 

In  the  early  Erench  expeditions  to  Canada  and  Acadie  (now  Nova 
Scotia)  were  men  similar  to  those  styled  by  Sir  Humphrey  Gilbert 
**  rare  refiners  of  mines ; "  and  their  reports  on  the  supposed  mineral 
"wealth  of  Nova  Scotia  and  Cape  Breton  excited  much  interest  in 
Paris,  and  formed  one  of  the  reasons  that  Eranoe  struggled  so 
strongly  to  retain  her  supremacy  in  British  America. 

Lescharbot,  writing  in  1609,  speaks  of  the  native  copper  of  the 
Bay  of  Fundy  as  being  "  very  pure  in  the  stone,^  and  adds,  "  many 
goldsmiths  have  seen  it  in  Erance,  which  do  say  that  under  the 
copper-mine  there  might  be  a  golden  mine,  which  is  very  probable." 
The  stone  he  alludes  to  is  the  trap  associated  with  the  Triassic 
eandstones  of  the  Bay  of  Fundy ;  copper  is  found  scattered  through 
it  in  small  grains  and  lumps,  but  has  not  yet  been  found  in  work- 
able quantity.     Although  this  trap  resembles  that  from  the  famous 
Lake-Superior  copper-district,  the  zeolites  and  other  minerals  cha- 
racteristic of  the  Nova-Scotia  trap  are  wanting  in  the  Lake-Superior 
trap ;  and  on  no  ground,  so  far  I  am  aware,  can  any  equivalence  of 
age  be  established. 

Passing  over  without  notice  the  numerous  unsuccessful  attempts 
that  have  been  made  to  open  productive  copper-mines  in  Upper  and 
Lower  Carboniferous  strata,  we  find  that  the  eastern  part  of  the 
province  gives  the  best  indications  of  permanent  deposits. 

On  reference  to  the  accompanpng  geological  map  of  part  of  the 
province  (p.  750),  based  on  the  map  prefixed  to  the  second  edition  of  Dr. 
Dawson's  '  Acadian  Geology,'  it  will  be  seen  that  the  northern  part 
of  Nova  Scotia  is  traversed  longitudinally  by  a  band  of  strata  of 
Upper  and  Lower  Silurian  age,  higher  in  geological  sequence  than 
the  auriferous  measures  of  the  Atlantic  coast,  and  covered  at  one 
point  by  a  narrow  band  of  Lower-Carboniferous  age. 

In  this  Silurian  series,  and  pursuing  a  general  east-and-west 
course,  are  numerous  large  bands  of  granites,  reddish  syenites,  in 
places  composed  of  red  felspar,  hornblende,  porphyry,  compact 
felspar,  and  diorites,  with  ash,  &c. 

Pursuing  a  course  roughly  parallel  to  these  bands  is  a  tolerably 
well-defined  series  of  large  fractures,  extending  from  Parrsboro  to 
the  East  River  of  Pictou,  and  thence  to  Guysboro.  The  course  of 
this  line  of  disturbance  is  marked  by  metamorphic  action,  ores  of 
iron  and  copper,  and  by  dykes  and  masses  of  diorite,  &c. 

From  Parrsboro  to  Londonderry  valuable  brown  haematite  deposits 
are  found,  with  micaceous  and  specular  ores,  goethite,  &c.,  running 
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east  and  weet  (astr.).  At  Londonderry  copper-pyrites  is  found  in 
the  iron  veins  in  small  quantity,  and  also  at  Pive  Islands,  associated 
-with,  heavy  spar. 

On  the  Salmon  Kiver,  near  Truro,  very  pure  carbonate  and  grey 
Bulphnret  of  copper  are  found,  probably,  however,  o^dng  to  organic 
matter.  On  the  head-waters  of  the  Middle  River  are  veins  of  spe- 
cular ore  and  limoDite ;  continuing  to  the  east  a  few  miles,  a  vein  of 
specular  ore  is  met  running  east  and  west,  and  20  feet  wide  in  places. 
This  vein  has  been, traced  for  about  three  nules,  and,  although  no 
fossils  have  yet  been  found  in  its  vicinity,  is  generally  considered  to 
be  in  strata  of  the  same  age  as  the  Londonderry  ore. 

PoUowing  the  line  to  the  eastward,  the  iron  ores  are  now  chiefly 
spathic  and  micaceous,  forming  the  gangue  for  copper-pyrites. 
About  five  miles  eastward  of  the  large  vein  of  micaceous  ore  above 
referred  to,  the  first  traces  of  copper-pyrites  are  met,  which  are 
rex>eated  in  a  small  vein  on  the  east  branch  of  the  St.  Mary  river. 

The  copper  deposits  now  attain  their  greatest  development  near 
Xx>chaber  and  Poison's  Lakes ;  and  the  traces  continue  to  be  found 
for  miles  to  the  eastward.  On  the  Salmon  River  the  Primrose  pro- 
perty shows  a  small  vein,  which  was  tested  to  some  extent  a  few 
years  ago,  and  contains  very  rich  copper-ore.  From  analyses  made 
by  Dr.  Hayes,  State  Analyst,  Boston,  U.  S.,  the  ore  contained  from 
37  to  39  per  cent,  of  copper,  and  was  composed  of  copper-pyrites 
and  embescite. 

Finally,  near  Guysboro,  specular  ore  of  very  fine  quality  occurs, 
but  is  not  yet  proved  to  be  of  economic  value.  Specimens  of  native 
copper  in  diorite  (?)  have  been  brought  to  me  firom  this  district ;  but 
I  have  no  detailed  information  respecting  it. 

At  Lochaber  Lake,  where  a  great  deal  of  work  has  been  done,  the 
deposits  appear  to  be  of  unusual  value,  and  are  being  prepared  for 
mining-operations. 

The  deposits  form  a  series  of  veins,  cutting  at  oblique  angles  black 
and  red  shales  and  quartzites,  and  thrown  for  a  short  distance  30^ 
out  of  an  east-and-west  course  by  a  dyke,  apparently  a  diorite  con- 
taining talc  and  serpentine. 

The  first  vein  met  going  east  is  about  2  feet  wide.  I  have  no 
details  of  its  contents.  The  second  vein,  80  feet  distant,  has  been 
proved  to  a  depth  of  85  feet ;  it  varies  in  width  from  6  feet  6  inches 
to  6  feet  3  inches,  and  holds  about  20  per  cent,  of  copper-p}Tite8 
evenly  distributed  in  talcose  slate,  greenstone  and  quartz,  and  micar 
ceous  iron-ore. 

The  third  vein,  216  feet  distant,  is  from  1  foot  6  inches  to  2  feet 
wide,  and  holds  copper-pyrites,  with  embescite  in  bands,  with  quartz 
and  talcose  greenstone. 

The  fourth  vein,  130  feet  distant,  is  about  6  feet  wide,  and  carriea 
about  10  per  cent,  of  rich  ore  with  much  quartz. 

The  fifth  and  sixth  veins  are  respectively  60  and  160  feet  further 
east;  they  are  each  3  feet  wide.  These  leads  also  contain  large 
percentages  of  ore,  but  have  not  yet  been  examined.    In  these  last 
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the  mioiceoai  <M:e  bat  been  to  eome  ezieiit  lepkeed  bj  < 
iron,  wfaieb  is  the  chief  guigne  oi  the  Poleon's-Leka  era. 

The  nxth  rein  is  grsdoallj  returning  to  xti  < 
and  at  a  farther  dietanee  of  300  jtrds  it  hM  T 
proved  to  be  4  feet  6  inches  wide ;  and  nearlj  half  a  makb  ta  tha 
east,  on  the  strike  of  the  Tein,  two  smaD  Tetns  hare  beea  fsoBi 
hoU^  very  good  ore,  and  large  boolders  pcoring  the  paaaage  of  the 
larger  reins. 

The  oonrw  of  the  cnpriferous  band  has  been  traeed,  by  sMiraiMi 
indications,  firom  this  point,  about  four  milea,  to  F^ilaaBi's  Laka, 
where,  daring  the  past  sommer,  a  rerj  fine  vein  <^  spaikie  or, 
holding  copper-pyrites  and  a  little  iron-pjrites,  was  tneed  for  aoimal 
hundred  feet  through  dark  blue  and  oHto  slates.  Its  width  iransd 
fhnn  6  to  11  feet ;  and  its  course  was  about  N.  7(f*  W.  (astr.).  Br. 
Dawson  gives  the  average  of  oq)per  in  tins  ore  at  10-8  per  eesrt. ;  I 
should  judge  from  samples  shown  me  that  it  is  conaider^ily  higher. 

The  age  of  the  strata  holding  these  deposits  b  not  yet  efeaiif 
settled.  Dr.  Honeyman,  in  a  GiN>logical  Beport  to  the  ProviBdai 
Oovemment,  stated  that  the  PolsonV  and  Lodiaber-IjJce  stnta 
were  of  Devonian  age. 

From  following  tibe  line  jmning  the  copper  and  iron  disbnots,  it 
will  at  once  appear,  on  mapping  the  exposures  and  strikes,  that 
these  measures  are  on  the  same  geological  horizon  as  thoae  holding 
the  limonite  and  micaceous  ores  of  the  East  and  Middle  Bxvers  cf 
Pictou. 

These  latter  measures,  both  at  the  East  Biver  of  Kctoa  and  at 
the  Cobequids,  are  overlain  by  strata  of  Lower-Helderberg  age. 
On  the  other  hand  they  are  readily  referred  to  a  later  age  than  die 
auriferous  rocks  of  the  Atlantic  coast.  No  fosstk  have  yet  been 
fbund  clearly  defining  their  position ;  and,  in  the  absence  of  a  rdiaUe 
geological  survey,  they  may  be  provisionally  considered  aa  filling  a 
place  near  the  middle  of  the  Silurian  strata. 

The  raetamorphism  of  this  range  of  iron-  and  copper-beaztng 
strata  would  appear  to  have  taken  place  before  the  commencemeiit 
of  the  Lower  Carboniferous  epoch ;  for  we  find  conglomerates  and 
shales  of  that  age  deposited  around  diorite  dykes  on  tiie  East  Biver, 
and  the  former  holding  pebbles  identical  with  the  ore-bearing  slates. 
The  date  of  the  filling  of  the  fissures  with  ores  does  not  appear 
equally  certain ;  for  the  Lower  Carboniferous  sandstones  and  inne- 
stones,  which  in  places  overlie  the  ore-stratA,  frequently  contain  small 
veins  of  specular  ore,  which,  with  magnetite,  also  oocurs  in  tiie 
fissures  of  the  Triassic  trap. 

The  quality  of  the  Lochaber  ore  is  unusually  good ;  the  diief 
variety  met  is  copper  pyrites  with  a  small  admixture  of  carbonate 
of  copper  and  embeseite.  The  gangue  at  Lochaber  is  dnefly  mica- 
ceous iron-ore,  with  a  little  spathic  ore ;  at  Poison's  Lake  exclusively 
the  latter,  which  yielded  on  assay  35  per  cent,  of  iron. 

An  average  of  the  large  veins  gave,  on  analysis  by  Dr.  How,  of 
Windsor: — 
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Metallic  copper 19*21 

Metallic  iron 25-31 

Sulphur 22-65 

Carbonate  of  lime 5*15 

Oxygen 4-07 

Qangue 23-01 

99-40 

An  analysis  of  the  pyrites  from  the  second  vein  gave  the  writer : — 

Copper 2900 

Iron   29-70 

Sulphur 31-60 

Silica 3-40 

Moisture    -20 

Carbonate  of  iron 6-20 

100-00 

A  sample  from  the  third  vein  gave  at  Swansea  31-25  of  metallic 
copper. 

Prom  the  above  notes  it  will  be  seen  that  Nova  Scotia  may  soon 
appear  on  the  list  of  copper-producing  countries ;  and  it  is  confidently 
expected  that  during  the  approaching  summer  fresh  localities  will 
be  proved  to  contain  copper-yielding  veins. 
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12l  7%«  PBBCAXBQisrETMBoirs  BocxB  of  Chabitwoob  Pobbr. — Put  L 
B]r  tfe  BcfT.  £.  Hnx,  ILA.,  F.6J3.,  FeUow  and  Tator,  ud  tk 
B«T.  T.  G.  Bomnx,  MjL.,  F.GA,  Fellow  and  late  Tutor,  ii 
Sc  Jolin*8  Cdkse,  Cambridge.    (Bead  June  6,  1877.) 

Oosmns. 


12.  GfeaiHill(Whit«ick)toCktf^ 

Swciotis  deaeribcd': —                 '  ley  Wood. 

I.  Fonet  Oat«  to  Loo^diil  la  High  Tower*  to  Ivea  Head. 

:l  Bock  Hills  «nd  Whittle  Klla.  14.  Monasterr.    Peldftr    Tor,   tsA 

X  HjuurmgBoctoaadBeMonHiIL  BatchetHilL 

4.  Woodooaae  £iTes  and  Bfoom-  15.  High  ShanOeT  and  Qiaat  Qm 

bn^cs.  HilL 

5.  Swita^uMl  and  Blore*s HHl.  16.  High  Cadman to BUckbrooL 
€L  Brtd^te^  17.  The  Whitwick  breocaa. 

T.  BexkseoC  18.  Bardoa  HilL 

^  »«towQ.Li]Kfbcd  DMtnei.  19.  Bawdoo,    Moorley    K'"".    n^ 

^  Grvbr  Dwtnct.  BrmiU  Wood. 

1*X  31&nJidUi  to  Chitteraian  HilL  Comlatioaa  of  Beda. 

IL  Dfestrkc  up  lo  BardoQ  HiIL  The  relattons  between  the  Igzieoas  aad 

StrmtiBed  Bo(^ 

iHtrodticiioH  and  General  Deseription. 

Celulxwood  Forest,  as  is  weU  known,  is  a  billy  district  composed  of 
a  number  of  ratber  parallel  ridges  witb  a  general  tzeod  from  X.W. 
to  S^  Tb€se  bills  rise  to  a  beigbt  of  a  few  bundred  feet  abore  an 
undulaUng  plain  of  Meeozoie  r^cks,  wbicb  on  tbe  eastern  side  is  inter- 
rupted by  tbe  witk  ralley  of  tbe  Soar.  Tbey  consist  of  rocks  most 
of  wbicb  are  more  or  less  metamorpbic :  but  some  are  igneous ;  iso- 
lated boissee  also  crop  up  bere  and  tbere  firom  tbe  surrounding  Trias. 
Tbi*  deposit  runs^  as  it  were,  in  ^rds  into  tbe  recesses  of  tbe  cddar 
nvks.  besides  diriding  tbe  district  by  a  kind  of  strait  or  sound.  To 
tbe  S.W.  and  S.  tbe  Trias  stretdies  far  away ;  but  on  tbe  W,  (not, 
bowever,  mueb  modifying  tbe  configuration  of  tbe  district)  lies  tbe 
Leicestersbire  Coal-field.  A  boss  of  bomblendic  granite,  Mount- 
sorreL,  crops  up  at  tbe  western  edge  of  tbe  Soar  Yalley ;  and  tbree 
or  four  masses  of  a  somewbat  similar  rock  occur  at  agreater  distance 
to  tbe  soutb.  Tbeee  most  likely  are  aU  outliers  of  tbe  bigbland  regioa 
of  tbe  forest,  wbicb  is  really  tbe  culminating  point  of  an  old  moun- 
tain-land. Tbis  was  probably  to  some  extent  defined  before  the 
CarboniJ^rous  epodt.  and  formed  a  scattered  group  of  billy  islands  in 
tbe  Triassic  waters. 

Tbe  district  bas  heesk  investigated  by  Professor  Sedgwid^  Pro- 
fessor Jukes,  Professor  Ansted,  tbe  Bey.  W.  H.  Coleman,  and  several 
otbers.  An  exhaustive  list  of  tbe  papers  upon  it  will  be  found  in 
*Tbe  Geology  of  Leicestershire,'  by  W.  J.  Harrison,  Esq.,  F.GA 

According  to  tbe  map  published  by  tbe  Geological  Survey,  the 
F6rest  consists  chiefly  of  ro^ks  of  Cambrian  age.    These,  for  about  2 j 
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Bquare  miles  in  the  N.W.  comer,  pass  insensibly  into  ^'  felspathit) 
porphyry/'  of  which  a  fewisolated  patches  are  also  marked  in  the  south- 
east lulls.  Some  large  masses  of  syenite,  more  or  less  connected, 
occnr  in  the  southern  part,  and  two  others  nearer  the  centre.  Bar- 
don  Hill  is  coloured  as  a  large  mass  of  ^*  greenstone,"  which  rock  is 
also  shown  in  the  neighbouring  Birchwood  Plantation,  and  in  several 
small  isolated  patches  on  the  N.E.  of  the  Forest.  From  several 
important  points  in  the  above  mapping,  as  will  be  seen  hereafter, 
ipve  are  compelled  to  differ,  as  well  as  from  the  memoir  published 
by  the  Survey. 

It  must  be  remembered  that  in  the  Forest,  while  it  is  usually 
tolerably  easy  to  recognize  the  general  character  of  the  rocks,  the 
task  of  coordination  and  correlation  presents  peculiar  difficulties, 
owing  to  the  prevalent  absence  of  cliffs,  ravines,  or  continuous  sec- 
tions, the  large  amount  of  coimtry  covered  by  vegetation  or  cultivated 
soil,  the  insulation  of  the  exposures  by  these,  the  absence  of  indica- 
tions of  dip,  with  other  peculiarities  in  some  of  the  coarsest  fragments! 
deposits,  and,  lastly,  to  a  certain  perversity,  as  one  might  almost 
call  it,  in  the  country,  which  seems  always  to  cover  up  just  the  most 
critical  part  of  a  section.  Hence  the  authors  wish  it  to  be  under- 
stood that  the  order  of  stratigraphical  sequence  ^issigned  to  the 
sedimentary  rocks  in  this  paper  must  be  regarded  as  open  to  revision, 
and  as  the  best  hypothesis  which,  under  the  circumstances,  they 
have  been  able  to  frame. 

The  rocks  of  Chamwood  Forest  are  usually  described  as  forming 
a  great  anticlinal,  the  axis  of  which  runs  from  N.W.  to  8.E.,  along 
a  valley  rather  on  the  eastern  side  of  the  district.  This,  however,  is 
only  true  in  a  general  sense.  Still  it  will  be  convenient  for  descrip- 
tion to  retain  the  term,  and  to  carry  our  sections  from  either  side  up 
to  this  '*  anticlinal  valley,"  where  the  dip  of  the  beds  changes.  We 
shall  describe  the  principal  exposures  in  order  along  a  series  of 
sections,  b^inning  from  the  north-eastern  or  Loughborough  end  of 
the  region,  going  southwards  to  Woodhouse  Eaves  and  Swithland, 
and  then  round  the  other  side  of  the  anticlinal  by  Bradgate,  Mark- 
field,  and  Bardon,  to  the  extreme  northern  end  at  Whitwick  and 
Gracedieu.  Certain  localities,  which  cannot  be  conveniently  grouped 
xmder  any  of  these  sections  will  be  separately  described. 

Description  of  Sections, 

1.  Leaving  Loughborough  by  the  Loughborough  Lane,  we  first 
see  live  rock  in  an  old  quarry  on  the  left-hand  side  of  the  road,  called 
on  the  map  Forest  Gate.  There  was  formerly  another  on  the  right- 
hand  side.  Unfortunately,  we  were  not  then  aware  of  the  import- 
ance of  this  rock,  and  took  no  specimens.  It  is  now  filled  up.  As 
far  as  we  rememW,  it  was  ordinary  blue  slate ;  and  the  fragments  in 
waUs  in  the  neighbourhood  confirm  this.  Professor  Jukes  describes 
it  as  compact  slate,  with  faint  cleavage,  greatly  cut  up  by  joints,  and 
with  a  few  faint  streaks  of  colour  giving  a  NJE.  dip  of  86**.  The  rock 
on  the  loft-hand  side  is  very  singular.    Its  dip  is  well  marked,  very 


Digitized  by  VjOOQIC 


756  B.  HILL  Ajn  T.  e.  Bomnr  oir  thb 

steep,  almost  Tertical,  and  EJ^  JB.  (SS""  and  NJB.,  Jokes).  It  ess- 
sists  of  a  aeries  of  alternating  beds,  some  of  fine-grained  good  ilatei 
some  of  a  greenish  ashy  aggregate  of  pebbles  and  fragments  of  sitfe, 
qnartZy  and  felspathic  materials.  It  is  rather  schistose,  witk  %  s^ 
very  lustre.  R<Hmded  grains  <ji  qnartz,  felspar,  and  a  black  miuuiil* 
poesibl J  hornblende,  may  be  detected ;  parts  of  tiie  rook  have  a  rmrj 
soapy  feeling ;  and  altogether  it  has  tjie  aspect  of  a  Toleanie  aolL 
mini^ed  with  other  detntal  materials  waterwom  and  greatly  eea* 
pressed. 

About  half  a  mile  further,  the  road  ascends  a  hill,  not  naiaed  cs. 
the  map,  but  called  Nanpanton  in  the  neighbourhood.     Heie  tb«e 
is  a  fine  exposure  of  what  will  be  called  throughout  this  paper  basded 
slates.  As  this  is  the  most  common  rock  of  the  Forest,  we  may  deserde 
it  here  once  for  alL     It  is  an  alternating  series  of  finer  and  < 
sedimentary  materials — the  former  generally  bluish  or  green,  ; 
times  whitish  or  pink,  and  felspathic  or  argillaceons,  the  latter  , 
rally  quartzose.    The  finer  often  weathers  white  for  some  distaaee 
inside.     It  is  not  often  perfectly  deayed,  but  is  generally  icij  tmrif 
so  indurated  sometimes  as  to  almost  resemble  a  poroellamte  or  hors- 
stone ;  its  surface  will  sometimes  turn  the  edge  of  a  knife.     Hie 
strike  in  this  part  of  the  Forest  is  rendered  conspicuous  by  differoiees 
of  colour,  while  in  other  parts  it  is  only  made  yisible  by  nneqnal 
weathering  of  the  different  bands.     Dip  is,  of  course,  always  obrioaf 
and  easily  measured.    These  slates  are  only  contorted  in  one  or  two 
localities ;  but  the  strike  and  dip  frequently  change  a  little  within  a 
yery  short  space.     While  the  series,  as  a  whole,  is  remarkably 
distinct,  there  is  the  greatest  difficulty  in  tradng  any  one  bed  from 
point  to  point ;  nor  are  we  aware  that,  before  this  paper,  the  attempt 
has  oyer  been  made. 

At  the  top  of  the  hill  is  a  coarser  bed  of  a  greenish  slaty  ulb, 
barely,  if  at  aU,  showing  stratification. 

The  small  patch  on  the  crest  of  the  hill,  coloured  greenstone  ca, 
the  map,  is  correctly  indicated.  It  is  more  strictly  a  syenite,  like 
that  of  Clarendon,  which  will  be  described  hereafter ;  some  ashy  grits 
show  out  near  to  it.  The  exposure  south-east  of  Longdiff  eonabts 
of  banded  slates,  with  the  strike  but  slightly  indicated.  That  of 
Kidney  Plantation  we  haye  not  examined ;  and  beyond  it,  at  Lubdood, 
we  are  on  the  other  side  of  the  anticlinal. 

The  rocks  exposed  at  LongcUff  are  mainly  slightly  banded  sLatas, 
intermingled  with  coarse  grit  bands.  About  the  middle  of  the  ridge 
there  is  a  bed  of  a  coarse  lumpy  ash,  with  some  included  fragment! 
of  slate. 

2.  Starting  again  south  of  this  section  from  the  Buck-Hill  woods, 
there  is  an  exposure  (at  the  word  "out")  which  we  haye  not  exa- 
mined. The  patch,  coloured  "greenstone"  on  the  Sunrey  Map, 
consists  almost  entirely  of  banded  slates,  some  of  the  most  distinct 
and  characteristic  examples  of  these  rocks  in  the  district.  There  is, 
howeyer,  at  the  north  extremity,  as  Jukes  says,  "  a  small  quarry  of 
a  true  close-grained  greenstone  "  similar  to  that  aboye-mentioned. 

Low  down  in  the  series,  on  the  S.W.  side  of  a  singularly  steep  and 
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rather  pctaresque  ridge,  is  a  bed,  about  three  yards  thick,  of  coarse 

asliy  grit,  composed  of  quartz  and  felspar  grains,  with  here  and 

there  small  fragments  of  slate.    Below  it  banded  slates  again  occur, 

^whioh  are  also  shown  in  various  exposures  to  the  south  at  Blackbird's 

l^est  and  Beacon  Cottage.    No  rocks  are  visible  in  the  direct  line  of 

the  section  for  about  three  quarters  of  a  mile,  till  on  the  crest  of 

Whittle  Hills  we  find  an  exposure  of  dark-green  coarse  slate  (dip 

not  shown),  agreeing  with  a  similar  exposure  at  the  top  of  Nan- 

panton.    Two  or  three  hundred  yards  beyond  is  the  liUle  quarry 

^whence  the  Whittle  Hill  derives  its  name,  where  the  banded  slates 

are  so  compact  in  texture  and  indurated  as  to  produce  whetstones  of 

the  very  best  quality.     Some  of  these  show  curious  distortions  of 

their  stripe,  due  to  the  pressure  which  has  produced  their  cleavage^ 

At  some  distance  above  this  is  a  bed  of  coarse  whitish  ashy  grit ;  and 

a  whitish  slaty  schistose-looking  rock  is  exposed  to  a  smaJl  extent  in 

a  field  on  the  opposite  side  of  the  lane.    Beyond  this  runs  the  anti- 

(dinalline. 

3.  The  district  next  to  be  described^  that  of  the  Hanging  Boeks 
and  Beacon  Hill,  is  one  of  the  highest  interest  and  variety,  and  gave 
the  first  due  to  the  structure  of  this  side  of  the  country.  It  is  also 
extremely  beautiful  in  its  scenery,  and  is  open  to  all  visitors  by  the 
Hberality  of  the  owner,  Mrs.  Herrick.  The  Hanging  Bocks  (Hang- 
ing Stones  of  the  Ordnance  map)  is  the  name  given  to  a  series  of 
wild  crags,  three  quarters  of  a  mile  long  by  a  quarter  broad,  in  a 
grassy  park,  a  demesne  of  Beaumanoir  House.  Outside  this,  at  the 
farmhouse  by  Pocket  Gate,  is  a  knoll  of  ashy  slate,  in  which  is  a 
quarry.  The  rock  is  much  slickensided  and  crushed ;  and  though 
the  map  assigns  it  a  dip,  we  could  not  satisfy  ourselves  as  to  its 
true  inclination.  But  within  the  park,  at  the  north  extremity, 
is  a  quarry  shovring  banded  slates  magnificently,  here  extremely 
hard,  with  conchoidal  fracture,  the  finer  beds,  some  of  which  are 
rather  thick,  almost  a  homstone.  They  dip  at  angles  of  from  40^ 
to  50°  in  a  direction  E.  10°  N.  On  one  of  the  great  bedding  faces 
are  seen  two  of  those  curious  arrangements  of  concentric  rings  which 
have  been  supposed  to  be  organisms.  The  resemblance  to  any  known 
organism  is  of  the  most  superficial  character;  and  one  objection 
seems  fatal.  They  lie  in  the  plane  of  bedding,  which  makes  a  high 
angle  with  that  of  cleavage.  Though  the  latter  is  well  marked,  the 
rings  sufier  no  distortion.  The  laiger,  which  13  about  seven  inches 
in  diameter,  consists  of  about  three  rather  rippled  concentric  flat 
rings ;  the  smaller  is'  only  about  two  inches  in  diameter.  We  regard 
them  as  an  accidental  structure,  due  to  some  local  peculiarity,  but 
have  a  decided  opinion  only  on  one  point,  viz.  that  they  are  in- 
organic. 

Above  this  quarry  are  banded  slates,  with  some  coarser  beds.  The 
lowest  exposure,  perhaps  100  yards  further,  b  a  massive  gritty  green- 
ish  rock,  not  itself  showing  bedding,  containing  many  small  frag- 
ments of  slate,  with  some  pebbles  and  larger  pieces,  which  sometimes 
attain  a  length  of  several  inches.  At  the  south  end  there  is  another 
slate-quarry.  As  is  usually  the  case  where  the  cleavage  is  good, 
Q.J.G.8.  No.  132.  3i) 
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the  oolonn  are  not  nradi  eontrasted,  but  the  bandB  are  perfeetij  di- 
stinct. The  dip  is  much  the  same  as  that  of  the  beds  in  t^  noitfa 
qnarrj ;  but  the  strike  would  bring  them  aboTe  thoee.  Aaeen^o^ 
the  same  knoU,  and  unquestionably  oontiDUous  with  these  alates,  we 
find  intercalated  among  them  a  series  of  remazlc^ble  beds.  These  are 
conglomerates  of  pebbles  (subangular  to  well-rounded)  in  a  greenBh 
ashy  matrix*  Hie  pebbles  are  generally  not  larger  than  a  hone- 
bean,  but  oocasionally  two  inches  in  the  longer  diameter ;  some  are 
quartz  and  quartzite ;  but  most  of  them  are  febtone  or  an  indurated 
febpathic  mud  and  a  fine  slate.  The  beds  are  from  one  to  two  feel 
in  thickness ;  and  there  may  be  four  or  five  of  i^iem,  each  a  yard  or 
two  i^Mui,  occupying  a  thickness  of  at  least  20  feet ;  turf  hides  the 
base  of  ihe  series.  These  beds  cannot  be  traced  very  far,  perhaps 
only  some  fifty  yards  along  their  strike,  the  direction  of  whidi 
ali^tly  changes  in  this  short  distance,  so  that,  though  in  full  yiew  of 
and  at  no  great  distance  frem  the  beds  exposed  in  ^be  north  quarry, 
it  is  impossible  to  say  whether  the  latter  overlie  or  underlie  them. 
We  incline  to  the  latter  view. 

The  uppermost  bed  of  these  conglomerates  seems  to  paas  into  a 
grit-bed,  <^  which  more  hereafter ;  and  this  into  blue  slate  of  slightly 
ashy  character. 

Unquestionably  w^  below  these  beds,  in  the  centre  of  the  space, 
is  a  fine  outcrop  of  massive  rodffl,  forming  a  cliff  twenty  or  thirty 
feet  high.  This  consists  of  a  mass  of  pinkish  fragments  and  crystals 
of  fekpar  in  a  dark  slaty  matrix,  lliere  are  small  grains  of  slate 
in  it,  but  little  if  any  quartz,  and  no  quartz  granules.  Here  and 
there  is  an  appearance  of  large  included  fragments,  but  very  few. 
It  is,  we  have  no  doubt,  a  bed  of  volcanic  a^.  Dip  is  shown  by 
banded  slates  just  below  it,  and  by  an  intercalated  bed  of  whitish 
felspathio  matter,  very  hard,  and  closely  imitating  an  intrusive  dyke, 
but  undoubtedly  sedimentary.  At  one  point  this  has  an  a|^>earanoe 
of  rather  considerable  contortion,  though  only  on  a  small  scab, 
probably  a  result  of  false-bedding.  Bdow  this  thick  mass  are  ex- 
posures of  banded  slates,  and  beneath  these  again  another  thick  ash 
bed,  very  like  the  one  just  described,  but  apparently  not  so  thick. 
This  may  agree  with  the  similar  bed  some  200  yards  north,  prs- 
viously  described,  though  it  does  not  look  quite  the  same.  Beyond 
this  nothing  more  is  visible  in  the  grounds  of  the  Hanging  Bodu. 
Crossing  the  road  and  entering  the  moorland  of  Beacon  Hill,  we 
ascend  its  long  slopes,  only  occasionally  meeting  with  exposures. 
Careful  search  on  the  left  side  shows  more  than  appear  at  first  sight, 
but  very  far  short  of  a  good  series.  They  are  all  banded  slates ;  and 
the  summit  of  Beacon  Hill  itself  is  entirely  composed  of  the  sama 
rocks.  The  cliff  at  the  north  end  affords  an  excellent  section  ;  but 
there  is  no  trace  of  any  thick  ash  bed  or  breccia,  or  any  thing  which 
one  could  hope  to  identify. 

There  are  no  further  exposures  till  the  Antidinal  is  reached. 

4.  The  next  district,  that  of  Woodhouse  Eaves  and  Broombriggs, 
contains  a  number  of  isolated  exposures,  whose  relative  position  it 
is  not  easy  to  determine.     Woodhouse  windmill  stands  on  a  high 
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knoU,  on  which  there  are  many  ontcrops  of  rock.  The  highest  of 
these  are  banded  slates.  In  the  field  in  which  the  mill  stands,  one 
l>ed  shows  a  good  deal  of  breccia.  Its  matrix  is  a  green  ash  with 
dark  bluish  staans  or  blotches,  and  small  included  frf^ents  of  fel- 
spathic  rock  and  slate.  Close  to  the  mill  is  a  large  thick  greenish 
ashy  bed,  with  distinct  included  fragments ;  below  this  are  banded 
slates,  in  which  is  at  least  one  other  bed  of  breccia  with  slaty  frag- 
ments. The  strike  of  the  bed  on  which  the  mill  stands  would  sug« 
geet  its  correspondence  with  the  great  central  ash  bed  of  the 
Hanging  Bocks ;  but  it  does  not  quite  resemble  any  of  these,  its 
colour  being  paler,  its  matrix  finer,  but  its  fragments  coarser  and 
apparently  less  crystalline.  We  think,  however,  it  is  probably  one 
of  that  series  of  ash  beds.  We  have  not  been  able  to  identify  the 
pebble  beds.  We  have  not,  indeed,  visited  every  one  of  the  exposures 
on  Broombriggs ;  but  all  that  we  have  seen  are  banded  slates,  similar 
to  those  on  Beacon  Hill,  of  which  this  ridge  is  the  continuation. 
Two  of  the  coarser  beds  on  the  summit  are  somewhat  peculiar  in 
structure :  one  is  a  hard^  dark  greenish  grey  rook,  containing  numer- 
ous small  rounded  grains  of  quartz,  oi  felspar  crystals,  and  apparently 
of  a  fine  quartzite ;  there  is.  a  good  deal  of  minutely  crystal- 
line epidote  in  the  matrix.  The  other  is  a  thick  grit-bed  of  similar 
materials  to  the  above,  but  much  coarser.  The  matrix  does  not  ap- 
pear to  have  so  much  epidote.  The  general  colour  is  greenish, 
weathering  brown.  These  beds  are  intercalated  among  finer  grits 
and  banded  slates,  some  apparently  containing  many  fragments  of 
felspar  crystals.  Beyond  the  crest  of  Broombriggs  no  more  rock 
is  exposed. 

A  quarry  in  the  village  of  Woodhouse  Eaves,  at  the  back  of  the 
church  and  school,  affords  a  fine  section.  The  slate  was  good 
enough  to  be  worked,  and  a  cave  has  been  cut  out  to  a  deptii  of 
some  yards ;  but  the  quarry  has  long  since  been  abandoned.  The 
dip  is  well  shown  (60^  to  E.  30''  IS.).  The  rocks  in  the  field  above, 
continuous  with  but  below  these,  are  ordinary  banded  slate.  These 
appear  to  be  above  the  rocks  by  the  mill ;  however,  any  faulting  or 
curving  might  easily  make  them  below.  For  the  most  part  nothing 
but  banded  slate  is  to  be  seen  beyond  these  in  the  direction  of  the 
section ;  there  are,  however,  at  Maplewell  some  grit-beds  resembling 
those  of  Broombriggs,  and  on  their  line  of  strike. 

5.  The  r^on  of  Swithland,  the  Brando,  and  Eoediff  (fig.  l,p.  762), 
which  comes  next  in  order,  is  one  of  the  most  important  in  the  whole 
forest,  on  account  both  of  its  numerous  exposures  and  of  the  infor- 
mation to  be  derived  from  them.  The  highest  rocks  visible  seem  to 
be  those  of  the  great  quarry  at  the  cross-roads,  well  known  to  all 
who  have  visited  the  district.  The  cleavage  is  well  developed ;  and 
the  quarry  is  still,  or  was  till  very  recently,  worked,  good  roofing- 
slate  besides  Rla^  for  various  purposes  being  obtained.  The  slates 
are  faintly  banded,  colours  dark  greenish  grey  to  purple ;  but  the 
strike  is  fairly  distinct,  the  beds  dipping  about  30^  to  E.N.E.  The 
cleavage,  which  is  nearly  vertical,  str^es  about  W.N.W.,  and  so 
makes  an  unusually  large  angle  with  the  strike  of  the  bedding. 
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Within  the  grounds  of  Alfred  Ellis,  Esq.,  west  of  the  meetisg  d 
the  lanes,  is  a  large  abandoned  quarry,  of  precisely  similar  aUie. 
Here  a  rapid  little  stream  separates  two  steep  and  extrandy  pic- 
turesque hills,  on  the  northern  one  of  which,  called  the  Braa^ 
stands  the  house.     Mounting  the  spur  of  the  southern  hill,  w^  lead 
the  slate  greener  and  coarser  in  texture,  and  presently  meet  s  bed 
of  grit,  with  minute  fragments  of  slate  and  febpathic  rock ;  winiilaT 
bedj9  occur  a  little  farther  on,  then  pebble  beds,  intermingled  viih 
schistose  ashy  slate  bands  more  or  less  fine,  no  base  being  aeev. 
These  beds,  however,  can  be  studied  to  the  best  advantage  in  tbe 
fine  sections  of  the  northern  hill,  where  they  form  a  series  <^  difi 
facing  west,  now  judiciously  laid  out  as  a  sort  of  wUdemeas.     In 
these  every  detail  of  the  rock  can  be  perfectly  studied.     It  ooiuisti 
of  a  series  of  beds  of  pebbles,  interstratified  with  finer  grits  asd 
slate.     The  thickness  of  the  pebble  beds  is  usually  abont  6  indies. 
The  compression  which  produced  the  cleavage  has  arranged  the 
pebbles  on  end  in  the  strata.    The  pebbles  themselves  are  not  gene- 
rally more  than  half  an  inch  long,  and  consist  mainly  of  slate,  hot 
with  many  of  a  felsitic  material,  and  some  quartzose  ones,  all  in  a 
greenish  white  decidedly  ashy  matrix.      The  intermediate  ilatj 
bands  have  also  the  silvery  sheen  often  belonging  to  ashy  materials. 
The  lowest  visible  rock,  exposed  on  a  wooded  spur,  is  a  masrave  nn- 
stratified  ash,  with  angular  fragments  and  blocks  of  slate  of  god- 
siderable  size.     Over  the  pebUe  beds,  well  seen  above  a  drive 
through  a  cutting  about  6  feet  deep,  is  a  quarts-grit  bed,  appa- 
rently about  8  or  10  feet  thick,  here  and  there  getting  blui^  in 
patches.    The  quartz  seems  in  places  to  have  been  dissolved  out  of 
the  rock  and  redeposited  on  the  surface  in  a  glaze ;  and  we  suspect 
that  some  at  least  of  it  is  of  secondary  formation,  coming  from  the 
decomposition  of  felspathic  materials. 

In  the  spinney  north  of  the  grounds  of  the  house  is  an  exposure 
of  fine-grained  pale  greenish  slate,  not  banded.  This  is  probaUy 
below  tbe  pebble  beds,  as  in  the  same  spinney,  dose  to  the  lane 
about  the  word  '^  Brando"  on  the  map,  is  another  exposure  of  pebble 
beds,  here  a  good  deal  decayed  and  flaldng  up  with  a  coarse  cleavage, 
and  an  ashy  sheen,  weathering  red  on  the  surface  of  open  joints  or 
cleavage-planes.  These  beds  strongly  reminded  us  of  those  first 
described  at  Forest  Gate,  where  the  silvery  sheen  is  also  apparent, 
and  beds  of  workable  slate  also  exist  above  them.  The  oon^o- 
merates,  though  their  pebbles  are  smaller,  can  be  identified  with 
those  of  the  Hanging  Kocks  by  the  occurrence  of  the  grit  beds  above ; 
and  both  are  underlain  by  thick  ashy  beds.  We  may  therefors 
conclude  that  these  beds  of  the  Bi-ande  and  the  Hanging  Rocks  ars 
on  the  same  horizon,  and  with  much  probability  also  place  there 
those  of  Forest  Gate. 

South  of  the  lane  to  Newtown  linford  the  slates  have  also  been 
worked  in  one  or  two  quarries.  Mr.  W.  J.  Harrison,  F.G.S.,  tells 
us  that  he  has  found  the  grit-beds  there.  This  discovery  decides  a 
point  of  which  we  were  doubtful,  viz.  that  the  slates  of  the  pit  in 
Swithland  Wood  lie  below  the  rocks  of  the  Brando.     This  pit  is 
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80  jardB  deep,  and  is  actively  worked.  The  slate  is  purple,  blue, 
and  sometimes  greenish,  showing  faint  bands  in  its  upper  part. 
Some  vertical  sheets  of  rock  in  the  pit  closely  resemble  intrusive 
dykes.  They  are,  however,  affected  by  the  cleavage ;  and  the  seeming 
junctions  follow  deawige-planes.  They  are  probably  due  to  decom- 
position extending  from  the  sides  of  fissures  which  have  passed  down 
planes  of  cleavage.  Outside  the  wood,  and  underlying  the  rocks  of 
the  quarry,  is  a  knoll  in  a  field  showing  a  series  of  banded  gritty 
slates.     Other  small  knolls  show  similar  rocks. 

By  the  back  carriage-drive  to'  Eoecliff  Hall  is  a  thick  gritty  bed. 
A  fine  set  of  banded  slates  is  exposed  in  the  outcrops  north  of  the 
cross  lanes^  but  the  colours  are  rather  less  marked  than  in  the 
Woodhonse  r^on.  Those  of  ling  Hill  and  Crow  HiU  are  of  the 
usual  character.  The  dips  in  all  this  part  of  the  Forest  are  E.N.E. 
or  E.  by  N. ;  the  due  east  direction  of  the  arrows  on  the  Survey 
map  is  misleading. 

Li  the  hollow  lane  at  the  Brande  a  tiny  fault  of  about  a  foot 
throw  can  he  seen.  It  is  quite  possible  that  there  are  others  about, 
of  much  larger  dimensions,  which  cannot  be  determined. 

The  last  district  on  the  east  of  the  anticlinal  is  a  series  of  rocks 
in  two  spinneys,  just  outside  Bradgate  Park — the  northern  one  called 
Blore's  Hill,  the  southern  unnamed  on  the  map.     The  beds  in  the 
southern  spinney  are  a  very  beautiful  set  of  banded  slates  of  the 
ordinary    type    and    strike.     Those    of  Blore's  Hill    are    inter- 
esting, from  showing,  as  we  go  northward  and  westward,  a  gradual 
curving  of  the  strikes  from  E.N.E.  or  E.  to  S.E.     Now  the  dips 
beyond  the  anticlinal  in  this  part  of  the  Forest  are  S.    The  ma- 
terials are  mainly  banded  slates,  green,  of  moderately  fine  grain, 
and  at  the  north  end  considerably  indurated.     The  most  important 
bed  is  that  which  is  coloured  red  and  marked  F  on  the  map.     This 
is  a  large  thick  unstratified  bed  of  breccia.     It  has  a  green  ashy 
matrix  containing  many  small  fragments  of  felspar  crystals  and 
larger  pieces  of  felsitic  rock  and  of  a  fine-grained  green  slate.     Herc^ 
and  there  are  dark  shining  fibrous  spots,  probably  the  result  of  the 
decomposition  of  some  magnesian  mineral.    The  larger  fragments,  of 
fine-grained  green  slate — and  many  are  of  enormous  size — are  con- 
torted in  fantastic  ways.     One  included  piece  is  fall  six  feet  long, 
bent  back  on  itself  into  the  shape  of  a  U.     This  bed  is  identical  in 
all  respects  with  the  breccia  on  Old- John  Hill,  only  a  quarter  of  a 
mile  off,  towards  which  indeed  the  strike  (if  the  same  as  that  of  the 
ueighbouring  beds)  would  carry  it;  this,  however,  is  beyond  the 
anticlinal,  and  dips  8.  instead  of  towards  the  east  as  here. 

Before  commencing  the  description  of  ^  Bradgate  rocks,  we  must 
mention  that  the  exposure  in  the  Park  nearest  to  the  Holgate 
entrance  also  dips  E.N  JB.  and  contains  a  conglomerate  of  slaty  pebbles 
with  felspathic  fragments.  It  does  not  look  exactly  like  the  pebble 
^>eds  of  the  Brande,  but,  being  1|  mile  distant,  might  nevertheless 
^long  to  them.  The  strike  would  carry  it  below ;  but  being  so  close 
^  the  anticlinal  (for  within  100  yards  are  beds  dipping  south)  and 
in  a  r^on  which  is  faulted,  as  we  shall  show,  not  much  stress  can 
be  laid  on  this. 
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6.  In  the  country  west  of  the  anticlinal  line,  on  which  we  now 
eater,  is  a  good  deal  of  ifirneous  rock,  which  considerably  complicates 
its  stracture.  The  relation,  however,  of  the  igneous  to  the  stratified 
rocks  ^we  purpose  to  defer  to  the  last  section,  and  so  shall,  as  far  as 
possible,  pass  it  by  for  the  present. 

Almost  the  whole  of  the  8.W.  portion  of  Bradgate  Park  is  syenite  ; 
but  there  is  one  isolated  patch  of  stratified  rock,  correctly  indicated 
as  such  on  the  map.    This  is  shown  in  the  little  quarry  opposite  the 
IBLuins  and  across  the  brook,  which,  firom  a  range  of  stable-buildings 
pulled  down  some  twenty  years  ago,  is  usually  called  the  Stable 
Quarry-      It  is  a  very  puzaling  place.     The  following  appears  to  be 
the  most  probable  explanation.    A  bed  of  slate  interstratified  with 
grit  has  been  bent  into  a  series  of  small  parallel  folds  of  unequal 
height ;    and  the  harder  grit  has  in  places  caught  and  as  it  were 
"  nipped  '*  the  softer  slate  in  the  folding.    The  general  strike  of  the 
slate  is  a  few  degrees  S.  of  W. ;  and  the  folds  rise  roughly  towards 
the  W.N.W.     The  grit  is  very  hard,  with  occasional  small  quartz 
veins,  and  some  indications  of  bedding  and  of  a  faint  cleavage.      It 
oonsists  chiefly  of  quartz  grains  with  some  minute  granules  of  a 
nearly  black  mineral.    It  is  remarkably  like  the  quartz  grit  which  we 
^d  at  Swithland  overlying  the  series  of  the  pebble  beds.    The  slate 
is  a  pinkish  grey  felsitic  rock  with  iU-defin^  dull-green  chloritoid 
spots,  the  sort  of  rock  that  we  might  expect  to  result  from  the  re- 
arrangement of  a  fine  ash  or  the  denudation  of  a  not  very  acid 
lava. 

There  are  two  good  lines  of  exposure  in  the  park,  that  along 
Holgate  Hill  (fig.  2)  and  that  up  the  south  spur  of  Old  John.  They 
have  the  same  general  character,  as  will  be  seen  from  the  following 
description : — 

Starting  from  the  north  wall  of  the  enclosure  of  the  Euins  (within 
which  all  is  syenite),  and  ascending  the  slopes  of  Holgate  Hill,  we 
Boon  come  to  exposures  of  banded  slates.  One  of  these,  a  sort  of 
cliflT,  at  a  distance  of  about  200  yards,  gives  a  good  section  of  in- 
durated banded  slate.  (There  is  a  small  patch  of  syenite  close  to 
this  to  which  we  shall  recur  in  the  last  part  of  this  paper.)  Pro- 
ceeding obliquely  across  the  line  of  strike,  we  pass  over  or  near 
••  frequent  exposures ;  so  that,  though  the  rock  cannot  be  seen  con- 
tinuously, there  are  but  few  points  not  in  the  line  of  strike  of  some 
visible  outcrop.  These  for  a  considerable  distance  are  all  banded 
Blates — indeed,  until  the  crest  of  the  hill  is  reached,  a  steep  rise  of 
about  30  feet.    Sometimes  the  bands  are  rather  coarse-grained. 

Keeping  in  the  same  direction,  across  the  strike,  over  the  plateau 
at  the  top  of  the  hill,  we  continue  on  banded  slates  for  some  100 
yards,  when  we  find  a  slate  passing  into  a  bed  of  coarse  greenish 
mottled  ash.  Banded  beds  succeed ;  and  about  50  yards  further  a 
mottled  ash  recurs,  here  containing  fragments  of  fine-grained  slate. 
Alternations  of  banded  slates  and  mottled  ashes  follow,  until  after 
about  120  yards  comes  the  lowest  rock  seen,  a  large  mass  of  un- 
Btratified  greenish  mottled  ash  with  vast  contorted  fragments  of  fine- 
grained green  slate,  precisely  equivalent  to  the  great  agglomeratic 
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bed  at  BfaR^HilL  TWae  greenish  mottled  tdws,  as  we  Imctv  t 
tlMSL,  are  difiesh  to  describe.  They  ecmtain  glitt^iiig  fdapar  i 
tdi,  pinkiBb  ficlrtaie,  aad  suDer  pieces  oC  tiie  fine  slate,  of  wlne^  a& 
tke  kige  fi  ^ftiatsitw  (so  £ur  as  we  bare  seen)  are  composed.  Ssnw 
of  tbe  lait  are  two  or  three  feet  kmg.  The  bed  is  also  weD  ex- 
posed at  die  ed  eoaneeting  tius  bill  with  (M  JcHm,  just  br  tiir 
VRul  path  to  the  saamit.  There  are  many  scgrcgation-Tieiiia  of 
white  qnaztz,  as  is  not  seldom  the  case  in  these  agi^omentes.  The 
slate  fingmenta  are  mneh  indmated,  of  the  nsoal  pale  i^irniih- 
fjney  ccdoor,  and  almost  flinty  texture ;  some  are  distiiietl  j  bedded. 
IWj  lie  in  all  diwrtkns ;  and  the  ckaTage-planes  of  the  bed  itaeM 
can  be  traced,  though  imperfecdy,  through  tiiem.  One  pieee,  1»eat 
almost  into  a  quadrant,  is  shoot  4  feet  long.  The  geaunl  aspect  of 
the  matrix  suggests  that  it  has  consisted  of  an  ash  not  rich  in  "l**-*^ 
such  as  tiiat  d  an  andesite.  The  dip  of  all  the  beds  we  hare  de- 
scribed is  sonthnlj,  usually  about  SC^,  but  sometimes  as  mudi  as 
50^.  The  d^  of  the  beds  on  the  cd,  wha«  they  can  be  seen,  is  ia 
the  same  dbrectkm ;  but  the  strike  of  the  great  agglomerate  bed  is  ia 
a  Hne  with  that  of  the  sauJte  <me  first  described  abore.  We  hare 
little  doubt  that  a  fiuilt  with  a  throw  d  some  50  or  60  yards  has 
ridfted  the  Holgate  beds  about  120  yards  forward  finom  these. 

The  section  up  the  south  q>ur  of  Old  Jdin  is  of  much  the  same 
nature.  It  bogus  with  banded  slates,  some  so  fine  and  hardcoed  as 
to  be  almost  porcdlanites.  One  bed  is  an  exceedingly  compact  grey- 
ish-green  rock  with  dark  green  ^ots  (?  hornblende),  a  suboonchoida] 
fracture,  and  not  Tery  eoospieuoas  deavage,  one  of  thefirMst-grained 
rocks  in  the  Forest.  After  these  come  coarse  ashes,  and  on  the 
summit  a  bed  of  not  rerj  coarse  aggjomoate,  fcdlowed  again  hf 
banded  slates.  The  great  agglomerate  bed,  which  can  be  traced  along 
its  strike  up  Uie  greater  part  of  the  east  spur,  is  lost  si^t  of  at  the 
top.  The  line  of  strike  passes  through  a  plantation  whrav  no  rocks 
can  beseen ;  but  as  the  last  outert^  s&ws  the  rock  rather  shattered, 
there  is  possfldy  anotha  &nlt. 

Descending  Uie  hQl  northwards  we  see  no  more  exposures  till  we 
quit  the  park  by  the  footpath,  through  a  small  ^nnney,  which  in  the 
Surrey  map  is  coloured  red  and  marked  F.  Very  few  ro^s  are  to 
be  se^i ;  Imt  tiiose  are  curious.  We  hare  first  at  the  east  end  a 
little  patdi  of  well-marked  banded  grits  dipping,  as  usual,  south. 
They  are  rather  too  coarse  to  be  called  slates,  indicating  bands  by 
weathering  rather  than  colour.  Underiying  these  are  a  set  of  rocks, 
without  Tisible  stratification,  isolated,  but  no  doubt  m  a/v,  and  the 
r^cs  oi  a  bed  of  highly  altered  pale  greenish  crystalline-looking 
ro^  oontaining  a  good  many  fdspar  crystals,  a  few  small  grains  <^ 
quartx,  and  some  fragments  of  slate.  Examined  microscopicaDy  it 
is  seen,  as  we  shall  show,  to  be  pyrodastic  and  altered.  On  a 
line  oi  strike  below  this,  at  the  west  end,  is  a  bed  of  felspathic  grit, 
rather  raeembling  folstone — and  below  this  again  fine-grained  green 
slate,  the  dip  of  which  can  be  detected  with  a  little  trouble,  and  is 
also  south. 

Quitting  the  fqunney  and  going  down  to  the  lane,  we  find  in  the 
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fork  of  it  a  small  exposure  of  ordinary  banded  slates  dipping  S.E. 

7.  The  section  cannot  be  carried  farther  across  the  strike.  We  must 
pass  obliquely  to  the  north-west  and  enter  Bensdiff  (fig.  3,  p.  768). 
Xn  the  field  outside  and  south  of  this  wood  are  two  or  three  outcrops, 
all  slates  or  ashy  gritty  beds  of  an  ordinary  type,  showing  the  usual 
southerly  dip.    Entering  by  the  ride  that  runs  along  the  crest  of 
tlie  hill,  we  find  successiyely  two  exposures  of  greenish-  or  bluish- 
banded  gritty  slates,  showing  clearly  the  dip  to  S.    About  20  yards 
further  is  another,  slightly  r^der.    Then,  c^r  some  distance,  comes 
tbe  exposure  marked  red  on  the  Surrey  map,  with  the  letter  F,  the 
efyxnbol  of  so-called  <^  felspar  porphyry."    This  is  a  great  mass  of 
coarse  agglomerate,  with  no  dear  indications  of  bedding,  cut  up  by 
great  divisional  plaiies  rather  irregular  in  direction.    The  material 
of  this  rock  is  a  greenish  ash,  witli  a  very  few  granules  of  quartz, 
some  rather  ill-defined  crystals  and  fragments  of  felspar,  a  few 
small  partides  of  dark  slate,  and  numerous  included  fragments  of  a 
felsitic  rock,  often  so  ill-defined  externally  as  to  resemble  large 
patdies  or  blotches.    As  the  matrix  weathers  to  much  the  same 
eolour,  they  might  often  at  first  sight  be  mistaken  for  mere  spots  ; 
but  they  are  certainly  induded  fragments.     Under  the  microscope 
the  pyroclastic  origin  of  the  rock  becomes  evident,  as  we  shall  show 
hereafter.    The  rough  lumpy  weathering  unmistakably  shows  it  to  be 
an  ash,  but  gives  few  indications  of  large  imbedded  fragments.    The 
colour  of  the  matrix  is  not  uniform,  but  mottled  with  shades  of 
green.    Separated  from  these  rocks  by  a  few  yards  of  turf  is  another 
g;roup  of  rocks,  similar  in  external  character.    The  divisional  faces 
have  a  slight  look  of  a  roll ;  but  in  these  massive  Chamwood  rocks 
it  constantly  happens  that  the  stratification  is  wholly  obliterated 
and   the  divisional  surfaces  have  no  connexion  whatever   with 
it.     The  materials  are  exactly  the  same  as  those  of  the  previous 
masses. 

Tet  a  yard  or  two  further,  all  forming  part  of  the  same  knoll,  is 
a  ridge  of  rock  consisting  of  an  ash  which  includes  large  fragments 
of  an  extremdy  fiinty,  pale  green,  fine-grained  date,  much  like  the 
fragments  in  the  Old-John  breccia-bed,  but  more  altered.  The 
ma^x  also  is  not  the  same,  being  much  more  homogeneous. 
There,  are  appearances  of  a  dip  southerly;  but  these  cannot  be 
relied  on. 

Some  way  further  we  come  upon  ridges  of  very  fine  homstone- 
like  slate.  The  dip  is  almost  certainly  S. ;  but  as  no  bands  are  visible 
it  cannot  be  demonstrated. 

Passing  along  the  ridge  we  come  to  the  second  red  spot,  marked  F 
on  the  map.  This  also  is  a  pile  of  massive  unstratified  ashy  rocks, 
so  precisdy  resembling  those  previously  described  that  hand  sped- 
mens  cannot  possibly  be  distinguished.  So  far  as  the  dip  can  be 
conjectured,  it  is  S.  Just  beyond  are  fine  slates,  showing  lines  of 
bedding  which  indubitably  have  that  dip.  It  is  natural  to  surmise 
that  this  second  coarse  ash,  so  like  the  former,  is  in  fact  the  same 
repeated  by  a  fault.    But  the  breccia  at  the  base  of  one  cannot  be 
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tiuak  thtm  on  difttuit  kflrixoaft. 

We  Dov  g»  «a  flbost  200  j^di  befim  aeeiiig  a 
of  iapOTtUMe,  and  tliai  eeme  to  a  pbAMh  mky  grit,  Ibflwid  iWrt 
60  jiirda  fntfaer  by  rocks  wkoae  «Mdk  dip  kikyvB  be— lifjErK 
tbe  voothering-oot  of  tfaeir  bonds  of  brd£iig.  HcDce  vr  dfuoi 
to  tboBoitii  oocBcr  of  tbe  wood  bra  aeries  of  fire  or  bx  veitieil 
difii,  each  froa  2(1  to  30  feet  kigb.  gmBg  beantifiil  oecSaow  cf  a 
roek  fii»siiting  of  iadaratBd  date  in  finer  and  maraea  bs&ds^lkr 
atroetarB  being  leoderad  eonqamooa  by  veatberii^  IW  laaqt 
exposure,  bovever,  aeam  KK)  jards  €roB  tbe  earner  of  ^e  wood. 
eonasting  of  only  a  fev  aqnare  fiset  of  roc^  but  appareBtlT  n  «ta. 
ia  tbe  BMsiTe  greemsb  aab  vbidb  finoBB  tbe  great  nnatrsl^fied  bodi 
dgf  ribfd  above.  Its  eoloor  Tariea  in  tbe  saae  way,  tbongb  & 
pink  pafcbes  are  leas  apparent,  and  tbe  grain  is  ratber  finer ;  perbaps 
alao  tbere  are  nme  qoarto-grannlea  and  fewer  £dq>ar  <  ■  j  si  ils :  s&L 
it  earn  bardly  be  rcgnded  aa  a  difieteut  rodt  

Tbe  patdi  Marked  F  and  eoloored  red  on  Green  HiU  Bea  in  tbr 
eentze  of  a  anull  wood  tbeie,  and  eonasts  of  anotberTnst  aaos  of 
tbeae  ooBtrmtified  aabes,  differing  fraa  tbat  first  deacribed  onh-  ia 
being  in  all  respects  aomewbat  ooaner  and  baring  fever  or  none  of 
tbe  felqiar  erysUla.  Xo  rock  ean  be  aeen  on  tbe  aontb  of  it :  bd 
on  tbe  noitb  are  banded  alatea,  dipping  in  a  aontbeziy  direction.  If 
tbe  slight  eridenee  of  dip  in  it  may  be  trusted,  tbat  ia  bere  S.W.  by 
&  The  exposore  maA^il  with  an  arrow  on  Bladk  Mill  is  otdinaiT 
banded  slates  dipping  E«,  aa  indicated  on  tbe  map,  and  so  seems  to 
belong  to  tbe  other  aide  of  die  antidinal  line. 

Thoe  is  a  amaU  wood  at  tbe  jnncticm  oi  the  lines  west  of  Bensdiff' 
and  east  of  UlvCTscroft  Abbey,  which  contains  another  masa  of  this 
coarse  nnstratified  greenish  or  greyirii  ash.  It  is  mncb  deoompoeed, 
but,  ao  far  as  can  be  aeen,  is  of  similar  character.  The  appearancea 
of  dip  vary  from  SAW.  to  &  It  passes  op  into  very  compact  slate 
of  doobtfiil  dip.  A  few  yards  farther  south  we  come  to  a  distinctiT 
banded  indurated  slate,  somewhat  disturbed ;  for  its  ^s  tstt  fnm 
BJS.W.  to  8. 

The  strike  of  these  beds  would  bring  than  exactly  on  tbe  same 
horixon  as  the  second  maastre  aah-bed  of  Baisdiff,  tbe  material  d 
whidi  is  similar  to  the  bed  in  this  spinney.  So  also  the  strike  giren 
by  tbe  slates  of  Green  Hill  would  place  its  coane  ashea  on  tbe  same 
horizon  exactly  as  the  correqxinding  beds  in  the  norttonmost  expo- 
sure of  BenscKff.  Notwithstanding  this  persistence,  when  we  con- 
sider the  remarkable  resemblance  of  these  coarae  asbes,  tbe  fact  tfiat 
the  underlying  rock  (when  risihle)  is  in  each  case  fine  slate,  and  the 
dose  proximity  of  the  anticlinal  line,  along  which  runs  a  considerablft 
fault,  the  probability  ia  on  tiie  whole  in  farour  of  their  being  the 
same  bed  repeated  by  another  subordinate  fault  Any  great  dislo- 
cation frequmtly  has  minor  faults  striking  off  from  it.  The  range 
of  sucoessiTe  difEs  above  described  may  possibly  be  owing  to  paralld 
joints  produced  by  the  same  cause. 

8.  Outside  Brsdgate  Park,  just  north  of  Newtown  linford,  are 
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two  exposures  of  slates.  One  is  almost  in  contact  with  the  syenite, 
and  shows  well-marked  hands  with  a  dip  S.  5^  W.  There  is  a 
peooHar  rippled  structure  on  some  of  the  joint-faces,  prohahly  a 
result  of  pressure.  The  stripe  of  this,  and,  we  heliere,  of  the  whole 
south- western  part  of  the  forest  between  Bradgate  and  Bardon, 
is  shown  by  texture  rather  than  by  tint.  The  bands  weather  out ; 
and  the  peculiar  pink  and  white  striping  of  Beacon  and  Nanpanton 
is  absent  The  difference,  howerer,  may  not  be  of  any  importance. 
The  other  exposure  is  in  a  field  a  few  yards  off,  opposite  the  lane 
leading  to  Ulverscroft.  It  also  exhibits  banded  slates,  greatly  indu- 
rated, some  of  the  usual  pale  green  colour  and  flinty  texture,  and 
one  thick  bed,  curiously  like  a  fdstone  of  rather  compact  texture, 
greenish  grey  with  dull  green  spots.  Microscopic  examination 
shows  it  to  be  of  clastic  origin. 

Across  the  lane,  at  the  spot  called  on  the  map  Ulyerscrof  t  Mill  (fig.  8), 
is  a  long  narrow  ridge  of  rock,  by  the  side  of  a  brook,  clothed  wiUi 
trees.  The  uppermost  beds  of  this  are  a  gritty  slate  with  narrow 
and  inconspicuous  bands,  which  dip  at  angles  of  50^  or  55^  in  a 
direction  10^  W.  of  8.  Below  these  are  beds  of  breccia,  containing 
many  fragments.  The  matrix  is  grit,  with,  as  usual,  a  sprinkling  of 
quartz  granules  and  crystals,  dull  greyish  and  coarse  in  the  upper,  with 
a  considerable  number  of  quarts  grains,  finer  and  bluer  and  much 
less  quartzose  in  the  lower.  The  larger  firagments  consist  of  a  pinkish 
slate  highly  altered,  almost  like  a  fdstone,  weathering  to  a  dark  red. 
There  are  also  a  few  yery  small  firagments  of  a  pale  green  slate,  and 
some  of  a  darker  green. 

Almost  identicsd  beds  occur  in  the  angle  between  the  lanes  to 
Ulyerscrofb  and  Swithland — ^the  same  fine-banded  grits  above,  with 
the  same  breccias  below ;  while  just  above  the  grits  is  a  fine  slate 
highly  altered  and  indurated,  and  below  the  breccia  fine  grits  with 
such  minute  bands  that  eight  or  ten  can  be  counted  in  the  inch. 

Gritty,  slightly  banded  slates  are  exposed  east  of  the  Ulverscroft 
lane,  about  300  yards  from  these. 

The  strike  of  the  above  breccia-bed  would,  if  it  continued  imiform, 
carry  it  just  above  all  the  Old- John  rocks  of  Bradgate.  If,  however,  we 
make  allowance  for  the  curving  of  the  strike  indicated  by  the  change 
from  8.  in  Bradgate  to  8. 6®  W.  and  8. 10°  W.  here,  we  should  reach 
some  point  on  the  south  spur  of  Old  John.  The  same  effect  might 
be  produced  by  a  moderate  fault.  This  Ulverscroft  brecciarbed  is 
very  different  from  the  coarse  breccia  of  Old  John  ;  for  its  matrix  is 
much  more  homogeneous,  and  the  fragments  of  pink  slate  in  the 
former  are  quite  unlike  those  of  pale  green  slate  in  the  latter. 
Nevertheless,  as  there  are  also  fragments,  though  small,  of  the  pale 
green  slate,  and  the  two  beds  are  so  dose,  we  are  disposed  to  con- 
sider it  part  of  the  same  series,  though  we  cannot  at  present  pre- 
cisely identify  it  with  any  one  bed  among  those  exposed  in  Bradgate 
Park. 

Henceforward,  till  we  reach  Bardon  Hill,  exposures  are  few  and 
isolated.  There  is  no  approach  to  a  continuous  section  throughout 
the  whole  of  this  extensive  district ;  so  that  we  must  describe  the 
groups  of  rocks  separately. 
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9.  The  series  of  exposures  round  Groby  Lodge  are  cut  off  from  all 
hitherto  described  by  syenite,  wbich  probably  extends  in  a  broad 
belt  from  Cliff  Hill  by  Markfield  to  Groby  Pool,  Sheet-Hedges  Wood, 
and  Bradgate.    This  group  of  small  ridges  and  knolls  all  consist  of 
fine  slate,  generally  coloured  purplish  or  green,  sometimes  reddish, 
rarely  and  obscurely  striped ;  so  that  the  dip  is  ascertained  with 
difficulty.    The  dips,  so  far  as  ascertained,  look  very  irregular ;  but  we 
think  they  may  be  combined  so  as  to  indicate  a  rolling  of  the  strata. 
Near  Groby  Lodge  is  a  large  quarry,  where  the  rock  is  worked  for 
Blabs  and  gateposts,  the  cleavage  being  too  imperfect  for  roofing' 
slate.     The  westernmost  exposure  is  not  marked  on  the  map.    It  is 
by  the  side  of  the  lane  leading  to  Markfield  Field,  about  east 
of  Whittingtbn  Grange,  and  in  nature  resembles  the  rest,  with  an 
apparent  but  uncertain  N.  dip.    The  small  exposure  by  **  Steward's- 
Hay  Spring"  is  a  puiplish  quartzose  grit,  apparently  containing  a 
fe-w  grains  of  magnetite.    Tinder^  the  microscope  it  is  seen  to  be 
formed   of  rounded  and  subangular  quartz  grains,  with  a  few 
resembling  a  subcrystalline  slate  set  in  a  cement  of  similar  aspect, 
more  or  less  stained  with  black  iron  oxide.     Close  to  this,  and  just 
within  the  wood,  is  a  small  quarry  in  syenite  and  an  ashy  slate  re- 
minding us  of  that  in  Bradgate-Stable  Quarry.  We  could  not  decide 
which  of  two  sets  of  planes  indicated  the  dip  of  the  grit.  The  strike 
of  either,  if  protracted,  leads  to  Groby  Pool,  on  the  north  shore  of 
which  (by  ^e  boathouse,  about  80  yards  from  the  last  patch  of 
syenite)  is  a  small  outcrop  of  a  very  hard  quartzose  grit,  which  only 
Offers  in  appearance  from  this  in  being  a  shade  finer.  It  seems  to  show 
a  very  faint  indication  of  a  cleavage,  striking  W.  10*  N.,  and  is  re- 
markably like  that  of  Swithland.    Now,  since  both  at  Swithland  and 
here  there  are  workable  slates  on  the  very  outside  of  the  country,  and 
both  are  underlain  by  a  rather  peculiar  quartz-grit  bed,  it  seems 
highly  probable  that  the  slate  and  the  grit  in  each  place  belong  to 
the  same  bed.     If,  however,  the  quartz  grit  of  the  Stable  Quarry  in 
Bradgate  be  identical  with  these  beds,  as  seems  very  probable,  great 
faulting  must  exist — a  thing  easily  credible.    To  this  point  we  shall 
return  hereafter. 

10.  There  is  a  rather  remarkable  isolated  patch  of  rock  at  Sand- 
hills Lodge.  The  lowest  portions  are  indurated  flinty  slates,  very 
much  jointed,  dip  uncertain.  But  a  few  yards  higher  is  an  old 
quarry  which  consists  of  a  mass  of  coarse,  ashy,  slightly  brecciated 
rock.  It  is  bluish  green,  with  small  bits  of  dark  green  slate  and 
pink  felsitic  material,  and  is  a  little  fibrous  in  texture,  with  surfaces 
of  a  lustrous  dark-green  chloritoid  mineral  This  rock  seems  to 
resemble  that  hereafter  to  be  described  at  Kite  HOI,  near  the 
Monastery.  The  dip  appears  to  be  W.S.W.,  but  undulating.  Just 
above  the  crest,  and  between  this  and  the  indurated  slate  mentioned 
above,  is  a  slate  showing  stripes  very  much  contorted  and  dislocated, 
and  with  a  platy  conchoidal  cleavage  or  fracture.  This  looks  at 
first  like  a  fragment;  but  examination  seems  to  show  that  it  is 
interstratified  with  the  coarse  ash  bed  with  a  roughly  southerly  dip, 
but  that  both  have  been  squeezed  together  with  great  but  irregular 
force. 
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Another  small  patch,  marked  on  the  map  a  little  to  tbm  toidu 
seemed  to  be  ordinary  banded  slates ;  bat  we  have  not  ^-r^^XnmA  & 
doselj.  The  outcrops  between  Newtown  and  Markiield,  ^oae  to  tki 
lane,  consist  of  green  slates,  highly  indurated,  very  flinty  in  textnt 
and  fracture. 

The  gap  between  the  exposures  of  Newtown  and  Markfidd  is  Im 
ocmsiderable  than  appears  from  the  map.  There  is  an  CMitcrap  d 
coarse  gritty  slate  in  the  wood  called  Cover  Clotts. 

At  the  ioA  of  the  hi^iroads  north  of  Markfield  is  a  remazkahfe 
ridge  of  rocks,  sometimes  called  the  Altar  Stones^  marked  red  on  t^ 
map,  as  if  igneous.  It  is  reaUy  distinctly  stratified,  the  bedi 
all  dipping  S.W.  at  about  45%  while  the  cleavage  strikes  a  Httie  W. 
of  N.W.  They  are  best  seen  just  by  the  windmilL  The  spctini 
gives  banded  slates,  with  rather  small  and  numerous  bands  at  top  ,* 
next  oome  two  bands  of  slaty  ag^omerate,  with  fragmmits  of  aiate: 
then  a  bed  of  fine  grit,  followed  by  a  much  coarser  ag^omcratt 
with  large  fr^igments  of  slate,  scAie  as  much  as  5  feet  long ;  ao^ 
lastly  about  30  or  40  feet  of  fine-grained  banded  grits,  with  ben 
and  there  some  traces  of  false-bedding. 

The  matrix  of  the  above  agglomerates  is  a  felspathic  grit,  or  mass 
of  minute  fragments  of  rather  rounded  aspect,  dull  green  ntottkd 
with  specks  pink  in  colour,  such  a  rock  as  might  result  from  a 
mixture  of  a  volcanic  mud  with  triturated  fr'agments  of  lava  and 
felspar  crystals,  subsequently  much  metamorphosed,  and  now  caa- 
taining  a  good  deal  of  minute  epidote.     Some  of  the  included  frag- 
ments are  a  dark  fine-grained  date ;  but  most  are  the  same  pinkisk 
slaty  rock,  resembling  a  felstone,  which  occurs  in  the  iH^^ta  by 
Ulverscrofb  Mill,  near  Newtown  Linford.     Here,  as  there,  the  over- 
lying and  underlying  rocks  are  fine  banded  grits ;  and  some  of  the 
specimens  from  the  two  places  could  hardly  be  distinguished  fnnn  each 
other.    The  matrix  of  each  is  of  the  same  general  nature ;  and  mock 
alteration  might  be  expected  in  a  distance  of  two  miles.    The  strike 
is  certainly  for  a  point  much  above  the  Ulverscroft-Mill  beds ;  but 
the  strike  there  seemed  to  be  curving  in  this  direction,  and  the 
disturbance  of  the  rock  at  Sandhills  Lodge  gives  count^ianoe  to  the 
idea  of  a  fault.    We  think  that  with  consid^able  probability  we 
may  take  these  sets  of  beds  to  be  on  the  same  horison. 

These  great  masses  of  agglomerates  die  out  very  rapidly;  a 
hundred  yards  S.£.  all  trace  is  lost.  If,  however,  we  are  ri^t  in 
believing  the  breccia  to  be  of  volcanic  origin,  this  is  not  surprisisg, 
and  indicates  the  proximity  of  a  neck.  Tet  breccias  of  like  natoro 
can  be  traced  along  to  the  extreme  south-east  of  the  blue  colour  on  the 
map,  by  the  106  milestone,  east  of  the  road,  there  overlying  a  large 
thickness  of  slates. 

The  rocks  of  White  Hill  are  slates,  the  higher  of  which  show 
faintly  but  clearly  a  W.S. W.  dip ;  the  lower  do  not  indicate  bedding, 
but  contain  a  distinct  pebble-bed.  The  pebbles  are  very  well 
rounded,  about  an  inch  long,  of  whitish  quarts  in  a  white  slaty 
matrix,  the  line  of  junction  being  sharp.  Both  pebbles  and  nutrix 
contain  small  specks  of  limonite.  On  the  east  side  of  the  road  are 
some  slaty  rooks,  one  of  which  seems  to  be  a  bed  of  slaty  breccia. 
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At  Chittennan  Hill,  in  a  field  north  of  the  lane,  is  a  pile  of  loose 
almost  boulder-like  rocks,  which,  however,  are  pretty  certainly 
in  situ,  and  rest  on  beds  of  slate  dipping  S.S.W.  The  latter  show 
alternating  bands  of  dark-blue  flinty  slate  and  grit,  which  weathers 
white.  The  loose  rocks  are  unstratified,  showing  their  ashy  texture 
by  their  lumpy  weathering,  and  consist  of  a  brecciated  mass  of 
curiously  varied  materials.  The  matrix  is  a  green  mottled  ash  ;  and 
there  are  a  few  fragments  of  a  hard  dark-blue  slate ;  but  the  bed  is 
to  a  great  extent  composed  of  fragments,  often  not  very  clearly 
defined,  of  the  pale-pinkish  rock  which  occurs  in  BensdifT.  It 
is  much  more  abundant  here ;  but  we  think  the  two  deposits  are 
undoubtedly  identical.  That  this  rock  is  in  situ  is  thus  proved : — 
Slates  with  a  marked  dip  are  exposed  in  a  field  south  of  the  lane, 
which,  from  th  eir  strike  must  overlie  it ;  and  in  Bamby  Wood,  at 
the  comer  of  the  lanes,  distant  j  mile,  the  coarse  ash  can  be  seen  with 
similar  slates  resting  upon  it.  At  the  same  time,  as  in  Benscliff  we 
are  disposed  to  think  there  are  two  beds  of  this  nature,  so  here  the 
horizons  need  not  be  quite  the  same.  The  ridge  of  exposures  extends 
some  way ;  but  we  have  not  examined  the  whole  of  it. 

Our  identifications  are  supported  by  the  fact  that  the  distance 
across  the  strikes  from  the  Markfield  beds  to  these  is  the  same 
as  that  from  Ulverscrofb  Mill  to  the  first  ash-bed  of  fienscHff 

11.  The  rocks  of  Billa  Barrow  are  fine-banded  ashy  grits  or 
slates.  They  show  signs  of  compression ;  and  the  strata  curve,  so 
that  one  and  the  same  bed  can  be  followed  from  horizontality  to  a 
dip  of  nearly  60®.  An  outcrop  marked  in  the  Survey  Map  near 
this,  by  the  high  road,  cannot  now  be  seen. 

The  fiice  Eocks  are  a  beautiful  series  of  banded  fiinty  slates, 
without  any  trace  of  brecda,  dipping  very  steeply,  and  not  quite  uni- 
formly, as  shown  on  the  map.  Much  the  same  description  applies  to 
the  beds  of  Beggar's  Nook,  cdso  a  very  fine  exposure  in  an  abandoned 
quarry.  The  slate  here  has  a  slight  conchoidal  frticture,  with  very 
aharp  edges  ;  it  is  evidently  highly  altered. 

The  rocks  at  Hilltop,  the  west  end  of  the  ridge  of  Bardon,  well 
seen  in  the  back  yard  of  the  little  inn,  are  pinkish  slates  and  grits 
much  jointed  and  disturbed.  The  dip  is  nearly  vertical,  in  a  S.W. 
direction  ;  but  the  rocks  are  evidently  much  disturbed.  We  shall 
recur  to  Uiem  in  connexion  with  Bardon. 

The  rock  at  Copt  Oak  is  exposed  in  a  small  pit  by  the  church ;  as 
it  is  much  decomposed,  it  is  not  easy  to  determine  its  nature.  It 
dips  at  about  45°  to  W.N.W. ;  the  cleavage,  which  is  nearly  vertical, 
strikes  W.  10®  N.  It  has  a  very  ashy  aspect,  and  appears  to  contain 
crystals  of  felspar,  either  broken  or  imperfectly  developed,  probably 
the  former.  We  do  not  notice  quartz ;  were  it  not  for  the  absence 
of  this,  it  would  bear  some  resemblance  to  the  rocks  of  Peldar  Tor, 
hereafter  to  be  described.  It  is  also  in  their  line  of  strike ;  and 
though  equally  in  the  line  of  strike  of  the  Chitterman-Hill  beds,  we 
B^  show  hereafter  that  there  may  have  been  a  dislocation  in  this 
neighbourhood ;  so  the  latter  may  not  correspond. 
The  rock  of  Birchwood  Plantation,  coloured  as  greenstone  on  the 
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y :  rack  caa  x-rv  W  mcb  at  uie  poiat  tkree  quailaa  of  a  aik  5. 

l2L  HnAeraMactPitadanibtd'hafylttdaeumal  KkeoaMi^ 
t^  Vitew  xbnsz^  Wrr  aai  ;bete  itoh<d,  eaa.  a»  we  ka^v  wetm,  k 
«z=BDsri  v^ii.  imJe  fA'^.ry  aikd  mack  fvobafaOity.  In  &e  npflt 
cc  wij:^  wt  A7V  ^Lser  the  TuielJ^  of  ^  rocks,  tiie  eoBtza&tcy 
Msipemnaem<i  keoirsg.  aad  ^e  eoofiisMo  reoahoi^  feai  CuiltBaR 
consk  s>  sjikr  a  $eci»»s£  dnpur.  We  kare  nade  naaj  ubwin 
bcotaad  knv  drm  aoae  indactioBsfroa  tfaeB,b«t  are  ^atyarri 
t»  kiw  tiaeae  csf^osed,  azid  erat  dMfvo'ved,  bj  fotme  and  ■at* 
scTfVTva.  Its  ^ficatt  ewa  to  aefeet  the  he^wwr^ 
zzrsg  thk  istricate  eoimtzT.  On  the  whole  we  think  it  bat  to 
CQcizsaetke  oooisf  kiikerto  adi^rted  ofdeooibin;  soooeaBvc  seetia« 
cp  %o  tke  aanfti*-.aJ  axk.  Bankn  Hill,  howcrer,  may  be  deknti 
wck  adrantape,  aa  aritkoot  a  knowMge  of  tiie  rest  of  tke  coaatry 
itsatrsietav  is  anhitffligihtft 

At  Gren  HDl  ia  a  aiaoa  of  aak-beds  appventlj,  bat  obseardj* 
dippu  S.W.  Tke  Batzix  »  a  fine  green  gritty  ttk  crowded  wi^ 
impefffect  ciystak  of  felspar  and  with  grains  of  qnartz  inifieitiBg 
mrv^ximm  an  imperfect  crystal  form,  some  aa  kzge  as  a  pea,  <ff  ef«s 
a  bean,  prqiecting  from  tke  weadiefed  anrfaee. 

Proeeeding  XJK.  we  pas  orer  some  distance  withont  erpoentB^ 
and  then  come  to  the  bastion-like  corner  (tf  limberwood  Hill,  stand- 
ing as  an  outwork  to  tike  solid  masses  of  High  Towers  and  Pddtf 
Tor.  It  consists  <d  a  series  of  ash  beds  which  i4)pear  to  dip  WJ&W. 
at  an  angle  of  45,  and  contain  itmnded  firagments  of  all  siaes  up  to  t&it 
of  a  cricket  balL  The  rock  itself  consists  of  fragments  oi  a  pinkiA 
lidsitic  rock  in  a  rather  aahy-looking  greenish  matrix,  in  which  an 
numerous  grains  of  quarts.  As  cm  Benscliff^  these  iocliided  fragmenti 
have  a  rather  iU-defined  boundary,  and  give  the  rock  a  mottled 
aspect.  There  is  a  consideraMe  area  coTered  by  these  beds;  tad 
^iparently  their  thickness  is  not  smalL  They  much  remind  as  of 
the  Benscliff  and  Chitterman-HiU  coarse  ash-beds.  Moreorer  tbe 
distance  (^  Chitterman  HDl  from  the  Markfield  slate  breccias  is  modi 
the  same  as  that  of  Timberwood  Hill  from  the  line  of  strike  of  the 

«  We  find  that  Prof.  Bamsay  ('Catalogue  of  Bock  Specimens'  &c,  p  20)  hm 
noogniaed  Uiit  aa  ao  altered  rook 
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of  ffigh  Towers,  where  also,  as  we  shall  see,  are  breooias, 
]kgtkte, 

)  Ime  of  this  section  protracted  passes  through  an  outcrop  near 
3y  Wood.  It  is  an  isolated  narrow  ridge  by  a  fEurm-house. 
ip  is  clearly  indicated  by  colour  stripes  as  66°  to  8.W.  by  8. ; 
sk  is  much  decomposed  and  stained,  but  appears  to  be  partly  an 
Dot  an  agglomerate,  in  a  siliceous  matrix,  partly  a  siliceous  grit, 
a  rather  well-deft  slate  showing  minute  stripes  of  bedding, 
h  is  mottled,  rather  like  the  Benscliff  beds ;  the  grit  and  slate 
3yi8h,  with  peculiar  red  stains  from  infiltration.  The  ash  is 
lorth  end;  the  slate  at  the  south.  The  slate  seems  to  underlie 
t. 

For  the  next  section  (fig.  4)  we  may  start  from  the  cross  roads 
gh  Towers,  where  stands  theForest  Rock  Hotel.  At  the  comer 
lanes  is  a  pinkish  indurated  slate,  better  seen  in  a  quarry  a 
ds  off.  Here  we  find  a  series  of  grits  and  exceedingly  fine- 
slates,  highly  altered  so  as  to  resemble  a  homstone,  with 
Y  oonohoidisd  fracture.  The  lowest  bed  is  the  most  compact. 
IT  is  dark  slaty  blue,  weathering  white  or  pink.  Under  the 
>pe  it  appears  to  be  composed  of  yery  minute  fragments  of 
part  of  the  matrix  remaining  dark  with  crossed  prisms, 
owing  to  the  minuteness  of  the  fragments ;  while  there  are 
I  in  it  small  crystals  seldom  more  than  *002  inch  in  diameter 
ir,  apparently  fragmental,  both  orthodase  and  plagiodase, 
ttle  iron  oxide  and  a  few  minute  epidote  crystals.  The  beds 
W.  at  about  15°.  Similar  beds  are  seen,  much  jointed  and 
ibout  100  yards  up  the  lane  towards  the  north, 
pinney  west  of  the  cross  lanes  is  found  first  a  dark  grit 
rtz  grains  and  felspar  crystals,  rather  out  up  with  yeins, 
bowing  its  bedding ;  this  we  have  not  seen  again  in  the 
rhood ;  next  some  whitish  ashy  slates  and  grits  with  rather 
ndications  of  dip,  usually  about  west,  and  seeming  to  pass 
indurated  slates  last  named. 

Id  moorland  of  High  Towers  affords  numerous  but  rather 
:ed  outcrops  of  rock.  The  first,  just  beyond  the  spinney, 
ip  of  60^.  Its  highest  yisible  bed  is  a  large  brecda,  whose 
green  slate ;  the  induded  fragments  are  large  and  yery 
material.  One  rock  weathers  a  uniform  pink ;  another 
d,  highly  altered  rock,  with  some  resemblance  to  a  syenite, 
bablj  a  felsite  with  epidote.  Some  are  fragments  of  a 
e  porph3rritio  rock,  which,  as  will  be  seen,  is  common  in 
)ourhood.  There  are  also  quartzitee  and  slates. 
S.£.  along  the  ridge  in  the  line  of  strike  we  repeatedly 
>reooia  containing  great  fragments  of  banded  slate,  so 
so  contorted  that  an  unaccustomed  obseryer  might  not 
bhe  fact  of  brecdation.  One  imbedded  piece  near  the 
>f  the  ridge  is  about  six  feet  long  by  three  deep.  At  this 
TO  also  fragments  of  a  highly  indurated  apple-green  flinty 
>  matrix  is  extremely  yariable,  in  parts  much  mottled,  but 
ly  a  grreeu  gritty  ash.  At  this  end  a  fine  indurated  slate 
^.   No.  132.  3  b 
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-!  r*.  rrj--t.  '„  ur -^ -r-ast- t  ^*c — 1   law  SR^mted  ilate  at  dfee  croa 

-  rT*?-»'-  B-dnr  ▼"^  -nac  ii^rnH^  13  ti*  iiZ  W  &e  luat),  (5)  tbe 
»r*-»r  'T^- -ra— >-L  '  -s-ia-sL  isit  ^  :m  r3«k»  v^kk  we  jgot«sd  to 
u-*T-'  -.  _t  -t-w  '-IT*;*!'  v^Tiit  :3*-  aws*.  rs  tbr  iiae  of  die  secCioB,  b 
&  ^m-n-iT  '«nit  t  '-r^  iarx  TBrrit?  *Li3e  w"iti  a  hnfe  wldte  grit,  sod 
t  ■*-^'  -»— -t^  J.:*-  7^"  a-^:nr>«ent  r-ysajs :  btA^ii  it  is  a  Ivceda 
vu  -r-i^rw*"?-^  -c  &  -^T.T.ir  ^Li^if.  aai  ?^  t^  vmid  ^F4tM  piskiik 
KM  r^^-i-^a  3-r-irw~-j-ia  r.^i  ASiv:  r?  •  •  jank  farther  is  a  gnmf 
It  -  '-jiA.  lir  E'i  )**iu:  'JT  -ciiasc=.TO?iaaie ;  a  breecia  wlkoae  fiap- 
ixt^nrza-  if-!  -n.ur.r-  it  -iiif  urk  ^crz^  pccphrntie  rock  mcBtiooed 
ii>T^  X>*iir  ::?«  th«  -ir^  fxhbtr  a  tke  OMe  freedom  bat 
s  JL'"::*?  *■:  z^x*  Tirir  -c  'a**  iae  :f  lie  mcsma.  br  a  vail  in  tbe  hm 
it  '^»'  hrL::iJiS^  ±*  m  i  fmaT  merrier,  k  a  atass  <tf  aggiomieimte^  <v 
TuoB.  :>  r*ii:p-i]iH<ns; ,  ±r  ruf  ^Tjutgjs  are  bi^blr  rooaded,  of  all 
•s:3i!-f  X7  T'  noc  'C  ft  iua~«  ^f^  Tbe  ai^mx  is  a  green  asbr  grit 
W--JI  &  y*^  «T?^jr  i-Lfoar  ^ystal*  xarrvred  aboat  it.  Bat  the 
rT>vi.f>^i  fruriaeT-s  •«iE>'«e  tie  rreas*^  part  of  the  rock,  and  tkry 
ir»ir  *'  >*  -Tr-iir-t  r  :c  rre  i2>'T^*-ii=-:'d  siULrlr  mottkd  pink  and 
gr.'JTi  ?ii:?Cv:ii»?-ck*  r>in5a.fT resemrliig  dLU  of  Btrckvood  Planta- 


i\jML-jr  :2*  2-T3  ieji  i^*!  ?:ci?  arain  :?  •  •  or  300  jards  to  tbe 
5^  Srr  r.£  a  wiH  w^sere  a  pr>ite  road  croases  a  low  ri^^e,  is  a 
miArki~Le  ic^  •':i*:n.:e.  T^  mitrix  i?  dark  green,  fifarons,  and 
2».c  TVTT  <«:rtr?*f :  'ie  i*.:l:>iei  fragrrva:*  are  a  •J^*^**-  rock  to  the 
Ihc  a  Bf-c-l-^i  ^*^:^  xz^  srwnisii  scbcrrstallnie  rock.  This 
aszloiBeri^?  »  rfg.trk^rue  ^*r  the  «ii«  and  abondanee  of  ita  indndcd 
fc-tff:=<»Et3,  n  i=T  of  whi-rk  are  not  ks>  than  15  or  IS  iDchcs  in  fia- 
E^t-er.  TbuTT  are  heaped  cenfasedlT  t*:«ether.  and  make  np  the 
Baj-?r  part  o^  th^  rc«:k-  IHTkiocal  planes  which  look  tike  bedding, 
are  n:i=der':Q3^  cat  >*::ift  th^ir  direction  firooa  point  to  point  in  eoa- 
tradiocorr  wit?  :  an-i  the  matiix  weathers  out  in  lines  snggestive  of 
£al«  beiiiiog.  The  we:ithered  fi^agnentB  stand  ont  in  nnnsoaDj 
bold  reliell  The  ridze  of  ro^s  extends  some  distance,  showing 
ererrwhere  the«e  wonderful  maases  of  rokanic  ag^merate,  the 
mined  fngments  in  all  probabilitT  of  some  long^raniabed  cone. 

Some  dikanoe  fnrth^  we  reach  the  last  ridge  of  the  High-Tow«8 
moorland,  where  the  last  letters  of  the  wordi  Hanging  Stones  aie 
engraved  on  the  mip.  Here  the  rocks  are  a  large  ooaree  ash  show- 
ing a  eonsiderable  mass  of  breeda,  whose  fragments  are  mainly  6i 
parpleporphyTiticrock.  A  line  of  cHfl&nms  in  a  sonUi-easterly  direc- 
tion throngh  woods  sniroonding  a  house,  a|^Mirently  a  continnatioB 
of  diese,  which  were  only  cursorily  examined  daring  a  search  for  a 
base  to  this  series.     They  seemed  of  the  same  general  character. 

The  line  of  this  section  continued  leads  us  to  Charley  churdL 
Bound  this  are  a  few  rocks  visible  at  different  points.  Those  nearest 
it  on  its  west  side  are  a  greyish  pink  ashy  grit,  weathering  dull  red, 
with  some  peculiar  cavities  here  and  there,  due  to  the  deoomposition 
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of  some  constituent.     About  200  yards  north  is  a  pale  ashy  slate 
^^th  like  cavities,  and  patches  of  coarse  grit. 

On  the  opposite  slope  of  the  valley  are  the  rocks  seen  round 
XtTibcloud.  Those  on  Lubcloud  Hill  are  rather  schistose.  They 
aeem  a  greyish  slate  with  quartz  granules,  but  are  much  obscured 
-with  veins,  and  with  red  stains  along  the  planes  of  cleavage.  The 
rock  north  of  the  farm-house,  between  it  and  Ives  Head,  is  a  similar 
one,  but  in  a  better  condition.  It  is  a  greenish  or  greyish  ashy 
elate  with  minute  lines  of  stripe,  and  like  that  just  described  by 
Charley  church. 

The  outcrops  on  Ives  Head  consist  of  a  series  of  banded  grits. 
The  highest  bed  is  a  thick,  rather  schistose  mass  containing  quartz 
g^ranules  and  felspar  crystals  and  cavities.  It  is  much  stained  with 
red,  as  are  all  the  rocks  in  this  neighbourhood.  Professor  Jukes 
considers  this  due  to  the  oxidation  of  iron  in  the  rocks  along  joints ; 
but  may  it  not  be  owing  to  infiltration  of  waters  from  the  Tnas  ? 

14.  Taking  a  section  parallel  to  the  last,  and  one  much  the  same 
as  that  drawn  on  the  Survey  map,  if  we  go  far  enough  N.W.  to  dear 
the  quarry  of  indurated  slate,  the  first  rocks  we  meet  are  a  mass  of 
greenish  white  ash,  containing  white  decomposed  crystals  of  felspar, 
quartz  grains,  and  small  fragments  of  slate  and  other  rocks.  The 
dip  is  about  15°  in  a  W.S.W  direction,  which  can  be  estabUshed  both 
by  apparent  dip-faces  and  by  a  large  bed  of  breccia  on  its  upper 
portion,  whose  general  direction  and  thickness  can  be  made  out. 
The  fragments  are  very  numerous  and  large,  some  being  9  inches  or 
a  foot  long.  They  consist  mainly  of  two  rocks : — one  a  very  charac- 
teristic specimen  of  the  dark  purple  porphyritic  kind  already  men- 
tioned ;  the  other  a  compact,  hard,  rather  fine-grained  porcellanizcd 
rock,  sometimes  rather  resembling  the  last  without  its  crystals. 

It  is  not  easy  to  say  whether  the  indurated  slates  pass  over  or 
under  these  rocks.  The  latter  seems  more  probable ;  for  the  line  of 
strike  of  this  breccia  passes  so  close  under  the  rocks  at  the  east 
comer  of  Peldar  Tor  that  there  seems  no  interval  for  any  overlying 
beds.  Yet  below  this  breccia  we  find  the  rocks  of  Tin  Meadow, 
next  to  be  described,  within  so  short  a  distance,  that  the  space  seems 
insufficient  for  the  indurated  slates  to  lie  between.  We  cannot 
explain  this  difficulty  satisfactorily. 

A  ridge  of  rocks  in  a  plantation  towards  Tin  Meadow  consists 
entirely  of  greenish  ashes  with  decayed  white  crystals,  intercalated 
with  breccias,  containing  fragments  up  to  a  couple  of  feet  across. 
Some  of  these  are  the  compact  rock  just  described ;  but  most  are 
of  the  purple  porphyritic  kind.  We  noticed  no  slate.  There  is  no 
distinct  evidence  as  to  the  direction  of  the  dip. 

Between  this  and  the  knoll  (Kite  Hill),  now  crowned  by  the 
monastery  and  its  beautiful  grounds,  is  a  considerable  breadth  in 
which  are  no  outcrops.  There  they  are  abundant,  but  hard  to 
unravel ;  and  we  do  not  profess  to  have  cleared  up  the  difficulties* 
At  the  north  end,  outside  the  grounds,  a  small  quarry  has  been 
opened,  where  there  are  indications  of  a  steep  dip  to  E.S.E.  The 
material  is  a  very  variable  dark  green,  rather  schistose  ash,  with 
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ooeadoiud  small  inoladed  fragmenta  of  felspar  and  slate.  It  k  nait 
Tery  unlike  the  rock  of  Sand^lls  Lodge  near  Newtown.  Hw  rocks 
round  the  cross  also  show  no  dip,  hut  contain  distinct  fngmoAs  d 
some  sixe. 

In  the  kitchen-garden  is  an  outcrop  of  indurated  pinViah  ibss 
striking  E.N.K,  hut  not  sufficiently  exposed  in  hreadth  to  show  £p^ 
It  is  overlain  hy  a  mass  of  a  rery  handsome  rode—  a  hhuah  «^ 
mottled  almost  like  a  coarse  mosaic,  with  pink  fragments  of  a  cmb- 
pact  gritty  rock.  It  would  look  well  polished.  We  tiiink  it  identieal 
with  the  rocks  of  Timherwood  Hill.  Some  distance  further  eaA. 
heyond  the  monastery  grounds  (ahout  a  quarter  of  a  mile  west  a£  tht 
cross  lanes  hy  Charley),  is  a  crag,  of  which  the  upper  portion  eoosi^ 
of  distinct  greenish  handed  fine  grits  dipping  south  (not  &S.W.  m 
on  the  map).  Below  them  is  a  thick,  massive  ash,  somewhat  Tsrialik 
in  character,  some  specimens  heing  coarse,  schistose  and  mottled,  hi^ 
in  colour  dark,  others  a  green  grit  with  quartz  grains  and  snofl 
fragments  of  slates  and  of  felspar,  others  resembling  the  first  witk 
patches  of  a  felspathio  matenaL  What  underlies  thia  cannot  be 
seen. 

On  the  other  side  of  the  lane,  north  of  the  monastery,  is  a  small 
patch  of  rock  similar  to  that  of  Kite  Hill,  dark  green  gritty  asli, 
with  some  paler  bands  in  it,  from  which,  perhaps,  the  dip  mi^t  be 
ascertained. 

Distant  from  this  about  a  quarter  of  a  mile  (by  Upper  Blackbrook) 
aro  some  rocks  we  have  not  seen ;  but  a  small  quarry  in  the  hollow 
of  the  north  bend  of  the  brook  contains  a  pinkish  ashy  slate  with  fine 
banded  markings,  closely  resembling  in  colour  and  peouHar  aspect 
the  Charley  and  Charley-Wood  slaty  beds. 

Immediately  N.W.  of  our  starting-point  for  the  last  section  lies 
the  range  of  crags  called  Peldar  Tor.  The  rock  is  a  remarikable 
one,  with  a  dark  bluish  matrix,  sometimes  weathering  pale  gre^» 
but  usually  dark,  containing  large  porphyritic  crystals  of  fdspar, 
and  grains  of  quartz  often  as  large  as  peas.  These  stand  oat  con- 
spicuously frt>m  the  weathered  surfaces,  often  showing  an  imperfect 
crystal-fonn.  The  rock  is  very  uniform,  so  that  dip  can  only  be  guessed 
at  from  planes  of  separation  &c.  These  at  the  south  end  are  toleraUj 
distinct,  indicating  a  W.S.W.  dip  of  about  20^;  but  at  the  north  end 
there  is  some  slight  appearance  of  curving  round  to  a  west  dip.  We 
have  not  noticed  any  certain  indications  of  breccia  throughout  this 
Peldar-Tor  area ;  and  the  highest  beds  only  differ  froxa.  the  rest  in 
being  rather  greener  and  more  decomposed.  Microscopic  examina- 
tion shows  that  the  rock,  though  much  altered  and  obscured  by  the 
secondary  formation  of  numerous  groups  of  epidote  crystals,  is  of 
fragmental  origin.  The  base  of  these  beds  cannot  anywhere  h^re  be 
seen. 

Just  north  of  Peldar  Tor,  separated  from  it  by  a  belt  of  arable 
land,  is  a  ridge  running  NJB.,  bearing  on  the  map  the  name  of 
Ratchet  Hill.  The  yarious  isolated  outcrops  of  rock  between  this 
and  the  outskirts  of  Whitwick  are  difficult  to  correlate.  One  of 
Ijiem  at  least  contains  a  good  deal  of  breccia,  which,  howoTer,  ii 
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probably  connected  with  that  in  the  quarry  by  Whitwiok  village 
rather  than  with  the  rocks  which  we  now  proceed  to  describe. 
Itatchet  Hill  itself^  commencing  from  the  little  spinney  at  its  S.W. 
end,  affords  an  almost  continuous  series  of  exposures.  The  uppermost 
are  a  succession  of  beds  of  g^reenish  and  greyish  gritty  ash,  dipping  in 
all  probability  to  W.S.W.  But  about  the  middle  the  character  of  the 
rock  changes,  and  we  find  a  breccia  containing  large  fragments  of 
the  purple  porphyritio  rock  so  often  met  with.  The  matrix  becomes 
Bohistose ;  quartz  grains  and  felspar  crystals  occur,  showing  a  passage 
to  the  Peldar  Rock.  Just  before  reaching  the  N.E.  end  of  the  ridge 
there  is  another  breccia,  also  containing  large  fragments  both  of  the 
above  porphyritic  rock  and  of  altered  ashes,  slates,  and  quartzites. 
Under  an  overhanging  crag  is  a  knob  bearing  a  dose  resemblance  to 
an  intrusive  felstone ;  but  the  small  extent  exposed  is  not  sufficient 
to  give  distinct  evidence.  The  rock  at  this  end  of  the  ridge  is  not 
quite  the  same  as  the  Peldar  Bock  some  200  yards  distant ;  but  their 
identity  can  hardly  be  doubted.  The  rocks  of  Gun  Hill,  though 
in  a  line  with  those  just  described,  fall  more  naturally  into  the  next 
section. 

15.  Postponing  for  a  while  the  Whitwick-village  quarry,  and 
starting  from  the  point  where  the  lane  from  the  Castle  meets  the 
main  road,  we  cross  the  steep  ridge  of  High  Cadman,  one  of  the 
highest  points  in  this  district.  It  consists  of  hard  greenish  and 
whitish  ashy  grits,  much  altered.  The  meeting  of  these  enables  the 
dip  to  be  made  out  at  one  point  of  the  south  end ;  it  is  W.S.W. 

The  long  craggy  and  picturesque  ridge  of  the  rocks  of  High 
Sharpley  commences  about  100  yards  from  the  fork  of  the  lanes. 
It  consists  of  a  dark  blue,  rather  schistose  rock  ;  containing  imper- 
fect felspar  crystals  and  quarts  grains,  which,  however,  are  less 
abundant  and  smaller  than  those  on  Peldar  Tor.  Surfaces  apparently 
of  bedding  are  numerous,  dipping  W.S.W.  Parallel,  and  to  the  south, 
18  another  much  shorter  ridge  of  the  same  rock ;  and  outcrops  of  it 
occur  up  to  the  very  wall  of  the  spinneys  on  Great  Gun  Hill,  and 
form  the  knoll  on  which  stands  the  tower-like  cottage  there. 

After  careful  comparison  of  the  Sharpley  Rock,  that  of  the  base- 
ment beds  of  Eatchet  Hill,  and  the  rock  of  Peldar  Tor,  we  consider 
them  the  equivalents  of  each  other.  They  show  a  successive  altera- 
tion of  character ;  the  change  begun  at  tiie  second  place  is  carried 
farther  at  the  third.  We  are  also  inclined  to  think  that  the  rocks 
of  Green  Hill  form  a  continuation  of  the  series. 

The  spinney  on  Great  Gun  Hill  is  separated  from  the  cottage- 
garden  and  from  the  outer  moorland  of  Sharpley  by  two  stone  walls, 
running  N  JB.  and  S.E.  All  outside  is  Sharpley  rock ;  but  the  instant 
that  we  enter  the  spinney  we  come  upon  perfectly  different  beds. 
The  north  wall  must  run  along  the  very  line  of  a  large  fault ;  and  it 
is  not  unlikely  that  the  west  one  does  the  same.  The  rock  vnthin 
is  a  whitish  ash,  dip  uncertain.  Not  &r  off  to  the  S.£.  is  a  coarse 
breccia.  No  continuous  section  of  these  rocks  can  be  found.  They 
are  only  seen  in  three  or  four  isolated  knolls  in  the  wood.  About 
the  middle  of  the  spinney  we  find  outcropping  rock  on  which  wea- 


Digitized  by  VjOOQIC 


^ 


778  B.  HILL  AXD  T.  O.  BOKITET  OS  TBK 

thered  bands  dip  8^.  by  E.  or  S.E. ;  but  it  is  tctt  probmhfe  that, 
this  is  false  bedding.  Another  knoU,  doae  to  the  lane,  shows  a  lar^ 
breccia,  which  has  some  appearance  of  di]^Rng  EJS.E.  Br  die  side 
of  the  wood,  by  the  west  wall,  abont  UK)  yards  from  the  lane,  in  a 
Hne  with  some  ootcrops  in  the  field  ontside,  ^barpkj  rock  eaca  he 
traced  within  the  wall  of  the  wood,  and  all  but  np  to  oontact  with 
the  ash.  Here  also  there  is  plainly  a  f&vlt,  as  the  two  are  ade  by 
side.  There  is  also  a  very  small  outcrop  of  similar  rock  just  acms 
the  lane,  hedged  roond  in  the  field.  Here,  again,  fdwiilar  tines  sf 
weathering  give  an  appearance  of  a  dip  to  S.S^  We  cannot  saDsfy 
oniselves  that  any  bed  here  dips  S.W.  according  to  the  arrow  on  the 
Surrey  map.  We  cannot  at  present  decide  whether  these  beds, 
fault^  here,  as  they  undoubtedly  tie,  agree  with  those  of  High 
Towers  or  the  Cadman  breccias ;  we  lean  rather  to  the  latter  idea. 
The  rocks  seen  on  the  banks  of  the  old  reservoir  we  have  not  ex- 
amined. Professor  Jukes  describes  them  as  similar  to  the  qnartxite 
met  with  near  Blackbrook  toll-gate,  whidi  we  will  describe  in  the 
next  section. 

16.  In  this  remaining  section  the  presence  of  faults  seems  alnoet 
a  certainty.  The  ridge  of  High  Cadman  runs  X.W.  to  Gxaoediea 
grounds.  Four  separate  rock  masses  are  exposed,  the  southernmost 
of  which  has  already  been  described ;  but  we  do  not  feel  certain  that 
they  are  equivalents. 

The  large  rocky  mass  which  supports  a  tower  (from  which  is  a 
fine  view)  shows  divisional  planes,  apparently  of  bedding,  dipping 
W.8.W.,  at  an  angle  of  25®.  There  is  here  a  large  bed  of  bareocia 
whose  matrix  is  a  green  ash  with  a  few  quartz  grains,  whfle  the 
included  fragments  are  a  pink  felstone-looking  rock,  like  some  ci 
that  on  High  Towers.  Further  N.W.,  along  the  ridge  where  stands 
a  small  oratory  with  a  tapering  spire,  the  rocks  are  intensely  altered: — 
those  on  the  west  slope  whitish  and  felspathic,  with  little  quartz,  and 
small  dark  slaty-looHng  grains ;  those  on  the  ridge  dark  witli  many 
granules  of  quartz. 

Not  very  much  further,  perhaps  200  or  300  yards,  there  is  a 
curious  quarry,  by  the  side  of  the  road,  just  short  of  the  small 
triangle  of  lanes.  The  rock  is  mainly  extremely  indurated  slate, 
cleavage  rather  imperfect,  seemingly  much  dii*turbed,  with  numerous 
very  sharply  cut  joints.  At  first  sight  a  band  of  colour  seems  to 
give  a  dip  tow  ards  tlie  hill.  Examination,  however,  shows  that  this 
appearance  is  due  to  decomposition  along  a  line  of  jointing.  The 
side  nearest  the  hiU  is  a  coarse  grit ;  and  the  junction  between  this 
and  the  tiuer  slate  can  l)e  followed  by  close  scrutiny,  and  shows  a 
dip  away  from  the  hill.  Also  we  found  on  a  spur  of  the  central 
mass,  not  quarried  away,  a  bed  of  slate  coarser  than  the  rest,  which 
similar  close  scrutiny  proved  to  have  indeed  a  dip  away  from  the 
hill  in  a  direction  somewhere  about  W.S.W.,  but  also  to  be  contorted 
and  compressed  with  extreme  and  abrupt  flexures. 

A  small  quarry  a  few  yards  to  the  south  of  this  contains  a  whitish 

nahv  grit.     The  rocks  outcropping  a  short  distance  to  the  north,  at 

%.  of  a  small  school-house,  are  coarse  agglomerates  of  great 
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tliickiiess,  containing  numerous  large  fragments.   Among  these,  some 

sLre  tlie  purple  porphyritic  rook,  some  are  hardened  ash,  some  other 

materials.     Beyond  tiiis  a  succession  of  low  outcropping  ridges  run 

roughly  N.W.  down  to  the  Gracedieu  lane,  and  at  Hobs  Hole  cross 

some   distance  to  the  other  side.      The  first  of  these,  about  200 

yards  from  the  school-house,  is  also  a  great  mass  of  agglomerate, 

containing,  at  Hobs  Hole,  pieces  a  foot  or  more  across.    The  others 

are  also  ash,  until,  at  a  point  about  north  of  the  S  in  the  word  Swan- 

nymote  on  the  map,  the  rock  becomes  a  hard  blue  ash  of  finer 

texture.     Possibly  the  Sharpley  rock  is  commencing  here  ;  but  the 

lack  of  outcrops  makes  this  uncertain. 

A  patch  of  rock,  however  (south  of  the  last  letter  of  the  above 

'word),  consists  of  ash  and  breccia  beds,  resembling  those  breccias  of 

Ratchet  Hill  which  lie  at  the  summit  of  the  Sharpley-Peldar  series. 

On  the  north  side  of  the  Gracedieu  lane,  at  the  east  end  of 

Gracedieu  lawn,  is  an  outcrop  of  slates  and  grits  dipping  at  about 

20°  W.S.W.     The  slate  is  green,  of  not  very  fine  grain ;  but  a  more 

compact  rock  shows  a  little  further  west.     Yet  a  little  further  is  a 

small  quarry,  the  beds  in  which  seem  to  dip  steeply  in  the  opposite 

direction.     Across  a  valley,  perhaps  100  yards  fturther,  is  a  mass 

of  slaty  rocks  resembling  the  banded  slates  which  have  hitherto 

hcen  wanting  over  so  wide  a  stretch  of  country.     The  dip,  however, 

cannot  be  detected  in  this  outcrop ;  but  a  few  yards  off,  in  a  small 

patch  of  rock  in  a  field  north  of  a  ifarm-house  (on  Warren  Hill),  a 

bed  of  breccia  overlies  fine  slates  with  a  dip  of  about  10°  or  15°  to 

W.S.W.     This  breccia  consists  of  pieces  8  or  10  inches  long  of  dark 

purple  slate  (rather  like  the  rocks  of  a  narrow  bed  described  on 

High  Towers).     Very  little  is  exposed;  and  the  rock,  so  far  as  we 

know,  is  not  seen  again.     These  dips  are  evidence  of  a  roll  in  the 

strata ;  and  near  the  fork  of  the  lanes  is  an  isolated  mass  of  Sharpley 

rock  apparently  dipping  south.     This  is  an  additional  indication  of 

disturbance. 

The  beds  south  of  the  high  road,  west  of  Blackbrook  toll-gate,  are 
a  whitish  quartzite  with  reddish  stains,  very  like  the  quartzites  of 
Charley.  They  show  distinct  stripes  indicative  of  bedding,  and  dip 
(according  to  Jukes)  W.  20°  S.  at  an  angle  of  60°. 

17.  We  proceed  now  to  the  Whitwick  breccia.  It  forms  a  ridge 
on  the  right  bank  of  the  stream,  at  the  boundary  of  the  blue  colour 
of  the  Survey  map,  and  is  well  shown  in  two  quarries,  one  on  each  side 
of  the  lane  towards  High  Cadman.  It  consists  of  ash,  containing 
a  great  mass  of  fragments,  themselves  probably  of  an  ashy  material. 
The  dip,  as  indicated  by  certain  main  divisional  planes,  and  by  the 
lie  of  the  included  fragments,  seems  to  be  very  steep  and  to  the 
north.  There  are  indications  of  an  imperfect  cleavage  dipping  about 
70°  to  E.  20°  N.  The  matrix  is  ashy ;  it  contains  angular  and  sub- 
angular  fragments,  variable  in  number,  but  often  rather  crowded, 
showing  much  better  on  fresh  broken  faces  than  on  the  old  weathered 
surfaces,  which  is  contrary  to  the  usual  habit  of  the  Chamwood 
breccias.  Another  rock  closely  resembles  the  fragments  in  a  breccia 
which  will  be  described  on  JBardon  Hill.     The  rocks  of  the  great 
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agglomonie  of  tbe  centre  of  High  Tovera 
retpecti ;  but  there  the  weftthering  renden  ^be 
eonipicuoua. 

18.  The  section  (fig.  5)  girenhj  the  greet qvmrm 

Fig.  6. — Siclion  at  Bardon,    (Scale  shout  4  incbee  t9  1 
Thii  iectioQ  cats  the  bede  reij  obiiqaeh-- 
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the  best  in  the  foreet,  but  is  nerertheless  rather  obscoie.  The  i 
patch  marked  as  (ireenatono  near  Robin  Butts,  cannot  noir  be  sees. 
The  quarry  on  which  it  was  founded  was  ''small  and  deeerted''  in 
Jukes  s  time,  and  is  now  filled  up.  Ho  describes  the  stone  as  "  ess* 
pact  earthy  trap-rook,  having  much  the  appearance  of  an  altered 
rook.''  The  exposures  at  Hill  Top  are  well  seen  in  the  back  yard 
of  the  Birch  Tree  Inn,  where  banded  slates  and  grits,  much  AMtUredf 
dip  at  the  steep  angle  of  80^  to  W.B.W.  An  old  pit  in  a  nei^booiing 
garden  shows  also  slates  with  gritty  bands,  and  a  similar  dip.  The 
cleavage  is  rather  imperfect.  From  this  point  to  the  moat£  of  ths 
quarry  is  a  distance  of  about  a  quarter  of  a  mile,  with  no  rock  ex- 

tosed.  Then  the  f|;round  begins  to  ascend  rapidly,  forming  a  long, 
igh,  and  narrow  ndge,  rising  at  its  centre  to  the  highest  elevatioo 
of  the  county,  902  feet.  The  dip  of  the  rocks  is  seen  in  two  shsly 
bands  cut  by  the  quarry,  which  strike  £.  15°  8.  or  E.S.E.,  and 
dip,  at  a  steep  angle  of  about  60^  to  N.N.E.  The  loweet  visible 
rook  is  in  a  small  knoll  in  the  wood  to  the  right  of  the  entrance  to 
the  quarry ;  it  is  a  breccia  of  large  fragments  of  greenish  slate 
in  a  coarso  UHhy  niulrix,  not  very  unlike  that  of  the  Bradgaie 
broociim.  The  rocks  at  Uie  entrance  to  the  quarry,  which  cannot 
bti  many  yards  above  these,  are  also  breccias,  but  are  much  indn- 
rated t  of  much  finer  matrix,  and  with  included  fragments  of  entirely 
difierent  nmteriul,  more  resembling  those  at  Whitwick.  The  matrix 
is  mhy,  bni  variable,  generally  greyish,  and  speckled.  The  included 
fragraenlH  liuve  very  ill  defined  boundaries,  and  are  usually  darker. 
Then  foIlowH  the  fiiHt  Bhaly  bed,  which,  as  well  as  the  subsequent 
ont%  is  HO  much  rotted  ))y  the  percolation  of  water,  that  it  is  difficolt 
*«  --,^,  what  iU  oonslituents  are.     We  have  been  inclined  to  think 
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it  like  the  isolated  patch  of  slate  bv  Ck>pt-Oak  church.     UpoQ  this 

lies  the  first  '^  good  rook,"  so  callea  by  the  quarrymen,  worked  for 

road-metal.    It  is  greyish  green,  slightly  mottled  with  paler  colour, 

and  very  hard.    It  appears  to  be  a  highly  altered  slate.    Then  comes 

the  second  shaly  bed,  about  six  feet  thick,  and  traceable  along  its 

strike  across  the  whole  quarry.    It  is  followed  by  more  **  good  rock." 

A.t  the  distance  of  about  30  yards  from  it,  on  the  north  side  of  the 

quarry,  is  a  considerable  thickness  of  a  rock  somewhat  ashy  in  its 

matrix,  containing  crystals  of  felspar  and  grains  of  quartz  generally 

as  large  as  peas,  and  in  the  upper  part  even  larger.    It  much 

resemhles  the  rock  of  Peldar  Tor.     It  occasionally  shows  signs  of 

hTecdation,  and  in  the  lower  part  passes  into  a  breccia  containing 

fragments  of  a  pinkish  felsitic  rock  in  a  matrix  of  good  rock.     It 

appears  to  change  itd  character  very  rapidly;  for  at  the  same 

horizon,  at  the  opposite  side  of  the  quarry,  the  quartz  granules 

almost,  if  not  quite,  disappear,  and  the  rock  becomes  less  distinctly 

porphyritic.    The  pink  fragments  may  still  be  traced,  but  seem 

rather  less  clearly  defined. 

In  the  upper  quarry,  whose  floor  extends  to  the  top  of  the  face  of 
the  lower  quarry,  there  is  on  the  left  comer  a  breccia  containing 
fragments  resembling  those  of  the  dark-purple  porphyritic  rock 
already  described,  in  a  fine  purplish  matrix.  The  whole  rock  seems 
to  have  been  highly  metamorphosed,  as  if  it  had  been  almost  ftised. 
The  rock  just  aboye  it  is  also  dark  purple  in  colour,  but  schistose  in 
structure,  and  rather  porphyritic. 

The  representatiye  of  the  quartz  and  felspar  rock  of  the  lower 
quarry  appears  to  be  a  breccia  in  the  north-east  comer,  at  the  proper 
distance  from  the  shaly  bed.  The  matrix  contains  felspar  crystals, 
though  not  yery  plentifully.  The  fragments  consist  of  a  pinkish  fel- 
site-like  rock,  mottled  witii  epidote.  The  principal  mass  of  **  good 
rock"  worked  in  the  upper  quarry  oyerlies  this,  and  must  be  in- 
cluded between  it  and  the  aboye-named  purple  breccia.  This,  how- 
eyer,  we  haye  not  identified  on  the  opposite  side.  The  quarrymen 
think  that  the  '^  good  rock  "  mns  up  the  hill  to  the  summit ;  and  the 
strike  of  the  strata  shows  that,  if  the  **  good  rock  "  be  a  particular 
bed,  this  is  not  yery  far  wrong. 

Uounting  the  ridge  of  the  hill,  which  here  runs  about  N.E.,  we 
find  a  considerable  distance,  probably  more  than  200  yards,  inter- 
vening before  the  next  rocks,  which,  after  that,  are  nearly  oon- 
tinuouB  to  the  summit.  Those  first  seen  are  thick  beds  of  ash  with 
included  fragments,  some  of  considerable  size,  rather  sparsely  scat- 
tered about.  They  have  some  resemblance  to  the  beds  at  the  right- 
hand  comer  of  the  upper  quarry,  and  might,  so  far  as  the  trees 
allowed  us  to  see,  be  on  its  strike.  The  other  succeeding  rocks  do 
not  in  general  differ  very  much  from  this,  though  some  are  of  rather 
finer  ghiin.  Usually  they  are  coarse  ashes  (rather  finer  near  the 
caim),  indistinctly  stratified,  but,  so  far  as  can  be  ascertained, 
dipping  in  the  same  direction  as  the  beds  in  the  quarry.  Included 
fragments  can  be  detected  at  several  points,  especially  near  the 
summer-house  at  the  top.    The  summit  is  a  long,  narrow,  nearly 
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krel  ridge,  with  a  pile  of  stones  erected  by  the  Ordnanoe  sarreyora 
at  the  south-west  end,  a  summer-honse  at  the  middle,  and  a  grove 
of  trees  at  the  north-east  end.  The  slopes  of  the  hill  are  dothal 
with  trees  to  a  considerable  distance.  We  have  passed  throng^  a 
large  part  of  the  wood  and  have  seen  no  outcrops  beyond  tliose  of 
the  ridge  itself.  This  ends  with  a  sudden  descent,  almost  a  <^iff,  at 
the  north-east  end,  where  the  dip  is,  as  usual,  uncertain ;  bat  the 
more  probable  indications  denote  that  previously  seen.  From  here, 
across  the  valley,  to  the  nearest  outcrop  on  Green  Hill  is  a  space  of 
full  three  quarters  of  a  mile. 

The  rocks  on  the  crest,  with  their  ashy  matrix  and  included  frag- 
ments, recall  those  of  Batchet  Hill  and  Cadman*.     The  porpbyritic 
rock  with  large  quartz  grains   of   the   lower  quarry,  closely  re- 
sembles, as  we  have  said,  the  rock  of  Peldar  Tor ;  and  thoi^:h  it 
changes  so  much  in  the  breadth  of  the  quarry,  yet  its  structure  on 
the  south  side  is  somewhat  similar  to  that  of  the  Green -Hill  beds, 
which  we  consider  the  continuation  of  that  series,  and  is  the  point 
of  it  nearest  to  Bardon.     If  so,  the  general  structure  of  the  hill  i^ 
that  of  a  ridge  cutting  very  obliquely  across  an  anticlinal  ^whose 
axis  passes  between  the  mouth  of  the  quarry  and  Hilltop,     llie 
upper  beds  corresponding  with  those  of  High  Cadman  or  Batofaet 
Hill,  and  the  mid^e  with  those  of  Peldar  Tor,  the  lowest  ones  would 
naturally  be  the  equivalents  of  the  highest  visible  on  High  Towers. 
But  that  is  a  slate  breccia,  as  is  this  lowest  breccia  on  Bardon. 
lithologically,  therefore,  there  is  fair  evidence  in  favour  of  the  iden* 
tification  of  the  Bardon  group  with  those  already  described. 

There  are,  however,  one  or  two  difficulties  in  these  identifications. 

On  High  Towers  an  indurated  slate  overlies  the  breccia ;  and  this  is 

not  visible  in  Bardon,  while  the  shaly  beds  of  the  latter  are  not 

seen  on  the  former.    Also  we  have  seen  no  indication  of  the  "  good 

rock"  of  the  upper  quarry  on  Batchet  Hill,  which  would  be  its 

natural  place.    We  may,  however,  answer  that  the  base  of  the 

Peldar  series  is  nowhere  visible,  that  there  is  space  enough  between 

Green  Hill  and  High  Towers  for  the  shaly  beds  and  oilers  also, 

and  that  between  the  quarry  and  the  slate  breccia  near  its  entrance 

there  is  plenty  of  space  for  the  indurated  slates  or  their  equivalents. 

It  is  also  quite  possible  that  the  above  beds  may  greatly  change 

their  character  in  such  a  distance  as  that  which  separatee  the  two 

localities.    The  last  remark  may  be  applied  to  the  absence  of  tiw 

"good  rock"  from  Batchet  Hill.    Still  the  beds  there,  if  a  Httle 

finer  in  texture,  and  sufficiently  altered,  would,  we  think,  resemble 

it.    Further,  the  passage-bed  there  leading  into  the  Peldar  series  is 

a  breccia,  containing  a  piirple  porphyritic  rock,  whidi  is  apparently 

identical  with  that  in  the  breccia  occupying  the  same  position  on 

Bardon. 

Microscopic  examination  confirms  the  opinion  which  we  have 
formed  on  the  spot — ^that  there  is  no  true  igneous  rock  in  the  pit. 
The  good  rock  of  the  upper  quarry  \b  extremely  like  a  felstone ;  but 

*  This  is  noticed  also,  we  find,  b>'  Professor  Hull,  in  the  Memoirs  of  th* 
Geological  Suryey. 
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•f  Opinion  that  even  this  is  only  an  altered  rook*.     The  hill 
tbronghout  of  highly  altered   rock,  into  which  yolcanic 
enter  lai^ly.    The  porphyritic  rock,  with  the  quartz  gra- 
'l  fel8X>ar  crystals  of  the  lower  quarry,  corresponds  very 
ot  only  in   general  appearance  but  also   in  microscopic 
with  that  of  Peldar  Tor.     The  change  in  character  of  this 
issing  from  the  north  to  the  south  side  of  the  pit  is  re- 
but there  is  no  sign  of  a  fault  down  it,  and  microscopic 
^>n  shows  a  general  correspondence  in  the  character  of  the 
a  conBist  of  a  fine  streaky  matrix,  composed  apparently, 
•  xtent,  of  comminuted  angular  crystals  of  felspar,  con- 
.   .-r  crystals  of  the  same,  both  orthodase  and  plagiodase, 
pidote,  and  some  yiridite  of  secondary  formation.     The 
ra  the  north  side  seems  to  have  a  raUier  more  granular 
has  the  large  subcrystalline  quartz  grains,  which,  how- 
qnite  absent  from  the  specimen  collected  on  the  south 
-ngments  examined  from  the  breccia  on  the  south  side 
well  as  one  from  the  breccias  forming  the  upper  part 
ny  possibly  be  of  sedimentary  origin ;  but  the  fall  dis- 
<o  is  reserved  for  the  second  part  of  this  paper.     We 
•vor,  that  their  microscopic  structure  closely  corresponds 
lose  which  they  are  stated  to  resemble — the  Peldar-Tor 

«ated  patch  of  rock,  entirely  different  from  all  others, 

'  ntre  of  a  plantation  at  Bawdon  Castle,  nearly  in  con- 

te.     It  is  a  very  dark,  rather  altered  grit,  containing 

luded  fragments.     Microscopic  examination  shows  it 

tic  rock. 

the  quarry  at  Moorley  Hill,  on  the  extreme  north 

•;  forest,  is  a  series  of  coarse  banded  slates  or  grits, 

»nal  imbedded  crystal  of  magnetite.     The  beds  dip 

t  35°  true  N.E.    The  cleavage  is  imperfectly  deve- 

They  do  not  resemble  those  of  Ives  Head,  near 

<  other  side  of  the  anticlinal  line. 

-f  Brazil  Wood  appears  in  an  isolated  knoll  a  few 

im  a  mass  of  homblendic  granite,  which  is  probably 

This  rock  has  received  fall  notice  from  preceding 

quite  isolated  from  and  unlike  the  other  rocks  of 

I  ay  possibly  belong  to  an  earlier  series.     The  micro- 

^  remarkable.     It  consists  of  a  fine  granular  base 

red  felspathic  mineral)  with  some  small  grains  of 

of  secondary  origin,  and  a  large  quantity  of  rather 

'  ire  than  onoe  stattd  that  I  consider  Bardon  Hill  to  show 

Istone.    At  one  time,  before  I  had  completed  my  examina- 

d  studied  the  rocks  microscopically,  I  inclined  to  this  view, 

dentally  in  a  letter  to  a  member  of  the  Geologists'  Assooi- 

«it  to  Cnarnwood.    The  publication  of  this  letter  was  quite 

,  id  not  come  to  a  definite  conclusion  on  the  point.    Further 

^  wn  me  that  the  whole  of  this  ifi;neous  patch  in  the  Surrey 

and  I  beg  leare  to  recall  this  erroneous  statement. — 
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Of  tUi  ndncnl  there  are  two  fpeciet:— tk  i 
tiife-lifovm,  mlia'  itraigij  didirac ;  the  other  in  krgv  ^ 
tab,  Btmly  c<twuk«»  with  abmet  unmaiked  didiroiim,  Aev^ii 
kriSuBt^eofevB  with  polaxiied  and  analyzed  H^^  and  a  tfni| 
~  with  the  tpeciroaeope.  Both  the  micaB  appear  te  h 
;  Ae  Bieroaeopic  stractoie  of  the  roA  mk  le- 
af a  Minrtte,  We  eoodude  therefere,  aiart  ftt 
t«f  the  rock  in  dM  field  seems  to  pttyre  its  si  iliiiaiilaj 
p  that  it  was  Saumal}  a  finely  lengated  mod,  and  hat  \mt 


Comlations, 

To  cntrelate  beds  sadi  as  those  described  above,  without  i 
with  yoy  TariaUe  lithological  eonditions,  and  with  mn^  wakm- 
qmmi  abssatkm,  is  a  aoet  diiBeiilt  task ;  and  it  is  impossible  ts  ^ 
man  than  eoojeetnie;  but  we  think,  from  what  has  been  stalsf 
abaf«,  that  the  (blowing  aie  probably  <m  the  same  hcMizoo  : — 

{i)  The  Forest-gate  pebble  and  ash  beds,  the  pebUe  and  efs- 
h^  grit  bed  «f  the  Hanging  Hoeks  by  Woodhoose,  th^  pebble  mi 
grit  beds  «f  the  Bkande  and  Swidiland,  the  qnaitz  grits  <^  the  Staibh 
Qsazrr  in  Bradgate  Fade,  of  the  Boathoose  by  Grol^  Po<^  and  d 
the  Man  patdi  sovth  of  Bradgate-Honse  Wood  (Stewards  fisj 
Spring)  of  the  Ordnance  map.  

<n)  Tbe  coarse  date  Ineedas  of  Kore's  Hill  (F  <«  the  MspV  ^ 
Holgate  Hin  and  Old  John,  the  iHeecias  of  Ulrerscroft  MilL  ^ 
Madkfield,  of  the  entrance  to  Bardoo  Quarry  (of  this  last  we  an 
mote  doobtfid),  and  at  the  western  end  of  High  Towers. 

(iii)  The  coarse  nnstratified  ash  beds,  osDally  coloured  red  (si 
igneoQB  rodcs)  on  the  Geological  map,  of  B^isoliff,  Chittennan  HiH, 
ud  Banby  Wood,  the  esBtcrn  ridge  of  Timberwood  HIQ,  and  two 
isolated  exposures,  one  at  the  H  of  Hanging  Stones,  the  other  is 
the  kitdien-garden  of  the  Monastery. 

(ir)  The  qnaitzites  and  ashy  banded  slates  and  sdiists  of  tht 
ontcn^  near  CSiarley  Wood,  Chariey  church  and  its  nei^boorhood. 
Upper  Blaekbiook,  and  Bhw^brook  ToUgate. 

The  sum  of  the  interrals  between  these  horizons,  measured  aloaf 
Uie  sar&ee,  is  sli^itly  over  two  miles ;  while  tiiere  is  in  addition  a 
considerable  depdi,  perhi^  about  1000  feet,  of  fine  w<»kable  slats, 
seen  at  Swithknd  imd  Qroby,  oreriying  the  horizon  at  whidi  tkii 
estimate  commences ;  and  the  lowest  beds  of  Ives  Head  seem  not  te 
than  1500  feet  bdow  the  pcnnt  where  the  above  secticm  terminate! ; 
so  that,  if  the  ayerage  dip  of  the  beds  be  taken  as  30^  (which  seem 
a  fidr  estimate),  the  thickness  of  the  strata  included  in  our  desoip- 
tion  would  be  at  least  7500  feet 

The  principal  difficulties  in  the  way  of  the  above  daasificstioB 
are — tlM  absence  of  the  Bradgate  breccias  from  Broombriggs  sad 
Beacon  Hill,  of  the  Bensdiff  i^ies  from  the  east  side  c^  the  anti- 
dinal,  and  of  almost  the  whole  of  the  rocks  of  tbe  north-west  comer 
from  every  odier  point  whatever.  We  can  only  reply  that  ob 
Broombriggs  and  Beacon  Hill,  except  at  one  or  two  places,  e^>o- 
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iiiiOB  are  very  few,  and  there  is  nothing  like  a  oontinnoua  aeotion. 
Between  l^anpanton  and  the  Whittle  HUIb,  and  on  Longoliff^  there 
axe  asli  beds  which  may  he  on  horison  No.  ii.  The  Bensoliff  ash 
bed  is  probably  below  the  snrfi&oe,  unless  the  patch  marked  F,  half 
a  mile  south  of  Alderman's  How,  represents  it.  The  rocks  seen 
there  are  all  bonlders ;  bnt  their  materials  are  of  a  similar  nature. 

The  rocks  of  the  north-eastern  comer  are  almost  entirely  Toloanio 
agglomerates ;  and  these  are  naturally  yery  inconstant  and  local.     K 
the  PeldaivTor  beds  correspond  with  those  on  Bardon  Hill,  they  must 
have  thinned  out  to  40  feet  in  the  latter,  and  so  may  very  well  have 
disappeared  elsewhere.     The  great  agglomerates  of  the  central  part 
of  High  Towers  may  die  out  in  the  White-Hill  pebble  beds.    Besides, 
it  does  not  seem  impossible  that  the  Tent  from  which  they  were 
ejected  may  haye  been  dose  at  hand,  and  thus  the  whole  deposit  be 
of  an  extremely  local  character,  interrupting  the  continuity  of  the 
strata.   The  seeming  reappearance  of  famOiar  beds  at  Warren  Hill  and 
Gracedien  Lane  may  possibly  lend  a  slight  support  to  this  hypothesis. 
We  may  also  notice  that  the  interval  between  ii.  and  iii.  is  every- 
where remarkably  deficient  in  exposures.     Even  between  Bradgate 
and  BenBcHff  there  are  wide  extents  without  outcropping  rooks ;  and 
these  are  hut  isolated  on  High  Towers  itself. 

The  arrangement  of  the  rocks  of  the  north-west  (the  so-called 
**  Porphyry  **  Region)  seems  to  be : — first,  the  indurated  slates  of 
Whitwick  Village,  then  the  rocks  of  High  Cadman,  passing  down 
into  tboAe  of  Sharpley  and  Peldar  Tor.  The  base  of  this  series  is 
nowhere  clearly  seen ;  but  the  beds  on  Green  Hill  probably  repre- 
sent it.  Then  come  the  beds  by  the  Forest  Rook  Hotel,  the  slate 
breccia  at  the  crest  of  High  Towers,  the  great  agglomerates  east  of 
that,  and  the  thick  ash  beds  round  the  Monastery,  which  seem  to 
overlie  the  ash  beds  of  Timberwood  Hill. 

BelaUaru  between  the  Igneous  and  Stratified  Rocks, 

It  will  be  observed  that,  if  these  correlations  and  groupings  be 
eorreot,  the  western  side  of  the  district  has  been  subjected  to  great 
disloeations,  while  the  eastern  is  almost  undisturbed.    The  quartzite 
of  Bradgate-Park-Stable  Quarry  is  distant  fully  two  miles  from  that 
of  Ghroby  Pool  and  Steward's-Hay  Spring.    The  strikes  of  the  Mark- 
field  breccia,  and  the  ash  beds  of  Ohitterman  Hill  and  Bamby  Wood, 
seem  to  carry  them  nearly  a  mile  from  the  corresponding  lines  of 
High  Towers  and  Timberwood  HilL    The  one  disturbance  seems 
connected  with  the  great  mass  of  syenite  which  extends  from  Brad* 
gate  and  Groby  to  Markfield,  the  other  with  the  syenite  hiU  of 
Hammerdiff.    This  gives  rise  to  the  suspicion  that  these  syenites 
may  be  intrusive ;  and  if  so,  the  other  igneous  rocks  of  the  forest 
may  be  the  same.    To  obtain  evidence  of  this  we  have  examined 
^e  boundaries  of  every  igneous  patch  in  the  district,  and  at  length, 
in  the  woods  of  Bradgate  House,  discovered  a  small  quarry  in  wMch 
the  junction  of  the  syenite  and  the  slate  has  been  exposed ;  and  its 
intiusive  character  can  be  seen.    This  is  just  within  the  wood  called. 
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«■  Ike  Mm^  Stevsid  VHaj  Sprmg.  on  tiie  continomtiaa  ol  ^\km 
patok  vkick  Barks  die  qimtnte  quarry.  Tlie  pat^  k  right^  cs- 
Ciaaei  oa  tke  Map  to  within  the  wood ;  but  ttis  ayenite,  oa  irii 
■earij  ^  the  lattiBr  grows,  is  only  iadicated  as  ^^ri^Hng  bbb  thr 
haase,  a  qaartor  of  a  wle  farther  north.  The  qnany  is  saalL  diiv 
mmd  qaite  shallow;  and  a  pheasant-feedii^  houae  stands  oa  in 
ioar.  Oa  the  north  side  is  rather  eoarw  ashy  alate,  mndijaiaiBi: 
oa  die  foQth  is  syenite,  which  becomes  a  little  moi«  fin^  until 
line  (bat  only  a  Httle)  as  it  approaches  die  slate.  We  fMOMi  tk 
janetion  at  the  right-hand  eomer  of  the  pit,  and  traced  it  aamt  wif 
acroas  the  floor.  Xo  one  aeeostoraed  to  examine  jnnetidos  of  igneev 
and  seduaentary  ro^  can  for  a  laomeot  doabt  tl^  natare  of  t^ 
The  tine  of  eontact  is  waxy  and  slightly  irregnlar.  Farther  caitM 
eraiaiastioa  shows  a  large  piece  of  elate  canght  op  by  and  indadei 
in  the  sjeaite  (see  fig.  6) ;  from  this  we  succeeded  in  obtaiaiaf 

Fi^.  ^SfemiU  imtrmnrt  ta  SUU^  SUmard'^Hay^prmg  Fii^  w 
Bnt'i'faU'ffimu  Wood, 


«.  Sfvaite.  b.  SUte.  e.  Debris  and  Tegetation,  partly  oorwiag  ap  th^ 
jocnt-fim  of  the  slate,  which  seems  to  have  passed  in  plaoes  mlmost  aloi^  tkt 
junttioa,  so  as  to  leaTV  a  flake  of  slate  adhering  to  the  sj^enite. 

jonction  spedmens,  which  we  haye  since  sabjected  to  microscopic 
examinatiaii.  The  result  of  this  fally  confirms,  were  there  any  need 
of  it,  the  cTid^ice  of  the  section. 

Abont  250  3rard8  farther  west,  north  of  the  walk,  in  the  midst  of 
the  brushwood,  we  again  found  the  syenite  and  slate  in  contact 
Hefe,  also,  though  the  slste  is  more  hi^y  altered  than  at  the  other 
spot,  the  nature  of  the  junction  is  quite  as  evident.  The  irrcgolir 
tine  of  contact  can  be  traced  for  several  feet ;  and  a  few  feet  b^w 
it  is  another  bed  of  ashy  slate,  into  which  also  the  syenite  can  be 
seen  to  intrude.  The  slate  at  each  of  these  plaoes  bears  a  eonsider- 
aUe  resemblance  to  that  of  the  slate-quarry  in  Brad^te  Park — an 
additional  evidoice  for  the  identity  of  the  quartzite  beds  in  the  two 
locatities. 

At  the  point  on  the  Map  where  there  is  a  dip-arrow  under  the 
L  of  Linford,  banded  slates  can  be  traced  up  to  within  a  yard  (eren 
less  if  a  projecting  fragment  be  really  in  situ)  of  the  syenite.  The 
latter  somewhat  changes  its  character  as  it  approaches  the  slste, 
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which  is  highly  altered,  becoming  a  very  spliatery  homstone-like 
rock ;  but  the  actual  junction  is  not  visible  above  ground.  The 
slate  is  dipping  in  the  direction  usual  in  the  neighbourhood.  These 
Chamwood  intrusions,  except  in  a  very  few  cases,  do  not  seem  to 
disturb  Uie  dips  in  their  vicinity.  The  apparent  curving  of  the 
l^anes  of  dip  at  this  end,  from  south-west  at  Markfield  to  south  at 
Bradgate,  may,  however,  be  due  to  the  great  intrusive  mass  here, 
whose  area  is  ]^>parently  two  or  three  square  miles. 

In  Bradgate  PariL  the  peculiar  contortions  and  slickensides  of  the 
beds  in  the  Stable  Quany  long  ago  suggested  to  us  the  probability 
of  the  neighbouring  syenite  being  intrusive ;  but  it  was  not  till  aft^ 
we  had  found  the  above  junction  that  Mr.  Hill  discovered  fragments, 
showing  syenite  and  bsjided  slate  in  contact,  built  into  the  wall 
surrounding  the  ruins,  and  picked  up  one  beautiM  contact  specimen 
a  little  further  up  towards  Old-John  Hill. 

About  the  last  letter  of  the  word  Bradgate  on  the  Map,  is  a  small 
patch  of  syenite,  here  rather  less  coarse  than  usual,  with  a  large 
mass  of  banded  slates  within  five  or  six  yards.  The  slate  here  is 
almost  a  homstone,  showing  a  sort  of  rippled  marking,  seen  in  some 
other  places  near  the  igneous  rock,  and  a  platy  jointing.  The 
syenite,  as  usual,  becomes  rather  more  finely  crystalline  as  it  ap- 
proaches the  slate,  and  is  in  contact  with  the  sedimentary  rook, 
though  the  very  small  portion  of  the  junction  visible  is  not  quite 
sufficient  to  determine  the  precise  character  of  the  latter.  Micro- 
scopic examination  shows  that  the  nature  of  the  junction  is  indu- 
bitable, and  that  the  syenite  is  intrusive. 

There  is  therefore  no  doubt  that  the  mass  of  syenite  in  Bradgate 
Park  is  also  intrusive ;  and  it  is  quite  possible  that  careful  search 
within  the  ruins  may  yet  detect  the  junction  in  situ. 

An  outcrop  of  syenite,  with  slate  on  both  sides  of  it,  can  be  seen 
at  Groby-Park  Farm.    On  the  eastern  side  the  two  can  be  traced  to 
within  six  feet  of  each  other.     The  slate  is  much  jointed ;  and  the 
syenite  here  and  there  shows  the  platy  jointing  often  noticed  in  an 
igneous  rock  parallel  to  its  junction-surface ;  but  the  evidence  here, 
without  excavation,  would  not  be  quite  conclusive.     However,  after 
that  obtained  elsewhere,  no  difficulty  can  be  felt  in  admitting  intrusion 
here  also.     At  Markfield,  and  at  Cliff  Hill,  no  slates  are  seen  suffi- 
ciently near  the  syenite  to  give  any  information ;  and  the  same  is  the 
case  at  Hammercliff,  though  it  is  just  possible  that  the  plantation  may 
contain  exposures  which,  up  to  this  time,  have  escaped  our  notice.   At 
Bawdon  Castle  the  syenite  becomes  compact,  and  may  be  seen  almost 
in  contact  with  the  breccia*.     Birch  wood  and  Bardon  Hill,  though 
highly  altered,  contain  no  igneous  rock.     The  syenite  (greenstone 
of  Map)  on  Buck  Hill  is  restricted  to  a  small  patch  at  its  northern 
end.     We  have  no  doubt  that  the  syenite  here  is  intrusive ;  but  the 
evidence  is  not  quite  so  absolutely  unquestionable  as  at  the  localities 
mentioned  above.     This  syenite  is  always  less  coarsely  and  distinctly 
crystalline  than  that  of  the  more  southern  district.    The  sedimentary 
rock  here  happens  to  bo  of  a  somewhat  gritty  texture ;  so  that  there 

*  We  discovered  this  instanoe  after  the  paper  was  read ;  details  of  it  will  be 
given  in  Part  II. 
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m  »o4  q«il^  to  marked  a  oontratt  as  ia  uaaal  between  ^ke  \ 
WMlibMinMi  and  decompoaed ;  and  both  rooka  near  tiie  ' 
«i««li  cut  up  by  unall  quarU  veins.  The  rock  also  ia  i 
by  Hurt  and  Airte.  Henoe,  though  we  could  in  one  plaee  aae  ttat 
|K«  junction  lay  soaiewhere  in  about  half  a  square  yard  of  a  aaall 
tmkffo^  wa  could  not  hit  it  with  absolute  certainty.  At  die  asoas 
tiiha  w«  do  not  conaidw  that  there  is  the  slightest  eridenee  af  a 
i>miiat»  (Wnb  the  sedimentary  rook  to  the  sy^te;  we  hsve  aa 
ap«b4  whatevar  that  the  latter  is  intrusive ;  but  in  order  to  desaos- 
•lral#  Ihia  by  the  evidence  of  specimens,  it  would  be  neeesaaiy  ta 
UaM  awi^Y  a  f^w  cubic  feet  of  the  more  rotten  rook. 

!)«  UMBfcliff^  al  the  aouthem  end,  the  syenite  forms  tiie  foot  of  a 
kulL  tW  «Yt<at  of  which  ia  of  banded  slates ;  and  the  appearanee  of  the 
v«ck  sHfyasitt  that  it  ia  approaching  a  junction.  At  the  northea 
4NmI  m(  thi^  wood  th«re  ia  a  email  hUl  of  banded  slate,  at  the  foot  of 
whkoh  ia  a  UtUe  outcrop  of  ayenite.  The  two  rocks  can  be  traced  to 
withia  three  or  ftmr  yards  of  each  other ;  and  the  slate  is  highJbf 
ah«i«d :  but  the  two  cannot  be  sera  in  contact,  though  this  ooold 
bi^  <^poaad  by  a  verr  small  excavation.  Mr.  Hill,  however,  pidud 
^  ia  the  viciiuty  a  loose  fragment  which  clearly  shows  an  inbusive 
ivMctioa  bi^lween  the  syenite  and  a  rather  coarse  quartzoee  giit,  a 
Wl  ^  whWh  oc>«iaa  in  anothex^  part  of  the  hill. 

The  contorted  condition  of  the  Brasil-Wood  gneiss  was  long  ago 
noticed.  The  granite  abo  of  the  opposite  knoll  assumee  a  very 
ditlWwat  aspect  in  the  portions  of  it  which  are  nearest  to  the  gneiss. 
Here  akM\  wt^  think.  tlHNre  can  be  no  doubt  that  the  granite  is  in- 
Imaivev  ^iU»  aa  th^Mre  ia  alao  a  mass  of  diorite  not  far  off,  and  a 
4>ke  of  sinalar  rock  (to  be  deecribed  hereafter)  in  the  granite  itself 
al  a  viNry  short  distance^  one  cannot^  without  excavation,  abe<dutely 
detetaaiac  to  w)^h  agent  the  disturbance  is  due. 

i^  the  whole^  theia«  we  feel  justified  in  asserting  that  all  the 
i%amw\H>d  syenitee  are  intmaive.  The  quanite  whidi  they  disturb 
al  Kradyale  and  Uroby  fbrma  almost  our  highest  horiion.  The 
ov^^rl^iaNt  workable  slatea  are  thrown  by  them  at  Groby  into  great 
voU».  Hence  th«»y  are  posterior  in  time  to  the  whole  of  the  C^ra- 
wvod  sertea,  llieir  linca  of  junction  with  the  surrounding  strsta, 
when  chMa4y  exposed,  are  sharp  and  unmistakable.  Henoe  there  is 
no  evidence  of  transition  from  sedimentary  to  igneous  rock  sny^ 
whete  in  this  region ;  fbor  even  in  the  nor^em  district ;  that  of  ^ 
^^  lel»toae  porphyrtce^"^  there  is  rarely  any  thing  more  in  tiiese  rodn 
than  the  asost  superficial  resemblance  to  a  true  felstone.  Cham- 
wood  Forest  therei^jire  must  be  removed  from  the  number  of  localities 
which  ctuA  be  adduced  aa  affording  evidence  of  such  transition. 

la  the  second  part  of  this  memoir  we  purpoee  toudiing  upon  the 
dMhK«ktiona  of  the  strata^  and  deaciibing  in  dc^  the  igneous  masses 
mentioned  abov«,  together  with  certain  dykee  more  or  less  aaBod- 
ated  with  them.  Beaides  these*  the  group  of  igneous  rocks  protra- 
ding  f^rom  the  Trias  in  the  vicinity  of  Narborough  will  be  deecribed*. 

^  2$kiM«  Ihi*  pap^r  «m  r««id  «•  hAt«  bMn  fiaKuiuit*  enoogh  to  obUia  mdtoet 


Digitized  by  VjOOQIC 


PRECAKBONIFEBOUS  BOCKS  OF  CHABimOOD  FOREST.  780 

"We  shall  also  discuss  at  greater  length  the  microscopic  structure  of 
tlxe  rocks,  hoth  sedimentary  and  igneous,  and  offer  some  remarks 
upon  the  comparative  lithology  of  the  former  and  upon  their  probable 
geological  age,  which  Mr.  Bonney  has  already  stated  to  bo,  in  his 
opinion,  not  Cambrian  (Survey),  but  about  that  of  the  Borrowdale 
series  of  the  Lake  district. 

The  authors  desire  to  express  their  thanks  to  A.  M.  P.  Pe  Liflb, 
Esq.,  Mrs.  Perry-Herrick,  Alfred  Ellis,  Esq.,  and  olKe**  onrners  of 
I>roperty,  who  have  most  kindly  allowed  them  free  access  to  every 
place,  and  to  the  owners  and  managers  of  the  various  quarries  tor 
similar  facilities.  They  have  also  to  thank  A.  Hill,  Esq .,  of  Cooper's- 
Sill  (College,  for  assistance  in  the  field-work. 

Disoirssioir. 

Prof.  Bamsat  said  that  though  it  was  many  years  since  he  saw 
the  country  described  in  this  paper,  and  twenty  years  since  it  was 
mapped,  he  and  the  officers  of  the  Survey,  who  did  the  work,  were 
quite  convinced  that  a  proportion  of  the  so-called  igneous  rocka  were 
only  igneous  in  the  sense  of  extreme  metamorpbism. 

Bev.  T.  G.  Bonnet  said  that  in  this  district  in  most  cases  the 
metamorpbism  was  not  extreme.  There  is  no  porphyry ;  and  much 
of  the  felspar  which  is  present  porphyritically  is  dotrital, 

Mr.  Hioxs  was  surprised  to  find  so  great  a  resemblance  between 
the  rock  specimens  now  exhibited  and  those  he  had  recently  brought 
hefore  the  Society  from  the  pre-Cambrian  rocks  of  Bt  David's.  He 
would  draw  particular  attention  to  the  conglomerate  shown,  as  it 
contained  distinct  pebbles  of  schists  and  indurated  shales,  derived 
primarily  from  rockB  in  a  state  of  metamorpbism.  That  these 
pebbles  were  in  this  state  previous  to  being  cemented  together  to 
form  the  conglomerate  was  clear  from  the  fact  that  the  pebbles  still 
retain  their  distinct  outline ;  and  the  matrix  is  not  apparently  much 
altered.  It  is  clear  also  that  these  masses  could  not  have  been  derived 
from  the  Cambrian  or  Lower  Silurian  rocks,  as  all  evidence  so  far 
obtained  in  regard  to  the  physical  conditions  of  the  Cambrian  and 
Lower-Silurian  epochs  in  Western  Europe  goes  to  show  that  these 
rocks  were  not  elevated  out  of  the  horizontal  position  until  the  close 
of  the  Lower-Silurian,  and  hence  that  they  could  not  have  been  pre- 
viously indurated  sufficiently  to  yield  pebbles  of  this  nature.  He 
felt  convinced  that  some  at  least  of  these  rocks  would  prove  to  be  of 
pre-Cambrian  age,  and  would  have  to  be  correlated  with  those  he 
had  recently  described  under  the  names  "  Dimetian  '*  and  "  Pebi- 
dian." 

Pro£  Bamsat  altogether  denied  the  absence  of  pebbles  in  the 
rocks  referred  to  by  Mr.  Hicks.  There  were  plenty  of  them,  both 
of  Cambrian  and  of  Silurian  age. 


ibat  these  are  also  intnuiye  in  slaty  rock,  which  doubtless  belongs  to  the 
Forest  series. 

Q.  J.  G.  S.  No.  132.  3f 
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43.  On  the  STKrcnrKB  and  Ajpftkitieb  of  the  Genus  Snwjsu- 
By  W.  J.  SoLLAS,  Esq.,  M.A.,  F.G.S.,  late  Scholar  of  St  JM^ 
College,  Cambridge,  and  Associate  of  the  Royal  Sch«l  d 
Mines,  London.    (Bead  May  23, 1877.) 

[Platm  XXV.  &  XXVL] 

1.  IsTRODrcnow.      ^ 

Soke  years  ago  my  friend  and  tutor  Mr.  Bonney  was  kind  enoD|i 
to  procure  for  my  examination  a  collection  of  phosphatic  nodulff 
from  the  Gault  of  Folkestone,  amongst  which  were  included  Bcrcal 
specimens  of  what  I  considered  to  be  species  of  Siphania  in  t 
phosphatized  condition.  Knowing  well,  from  a  previoos  inrafit^ 
ticn  of  phosphatized  Yentriculites  from  the  Cambridge  GreenfiatA 
how  perfectly  sponge-structure  is  sometimes  preserved  in  this  state, 
it  occurred  to  me  that  I  had  here  a  good  opportunity  of  detenmninx 
the  minute  structure  of  this  sponge  and  its  relations  to  recent  foncs- 

Accordingly  I  requested  Mr.  Cuttell,  of  52  New  Compton  Strrct, 
Soho,  to  prepare  a  series  of  transparent  slices  from  my  specMncni ; 
and  on  examining  under  the  microscope  the  beautiful  seotioDs  be 
made  for  me  I  saw  displayed,  in  all  its  details,  the  characteristic  stmo- 
ture  of  a  Lithistid  sponge.     I  then  submitted  my  preparations  to  my 
kind  friend  Mr.  Carter,  who  not  only  confirmed  my  observations,  &cC 
gave  me  the  benefit  of  several  valuable  suggestions,  and  generously  sent 
me  pieces  of  the  recent  Dtscodermia polydiscus,  Bocage,  for  comporiiofi. 
Subsequently  Mr.  Vicary,  with  great  loudness,  put  a  large  number  of 
siliceous  specimens  of  Siphonia  from  the  Blackdown  Greensand  at  my 
disposal,  and   I  obtained  from   Mr.  Bryce  Wright  an  example  g( 
Siphonia  {UaUirhoa)  costata,  Lamx.,  from  the  Greensand  of  Wiltshire. 
Finally  my  friend  Mr.  Moore  afforded  me  e?erj'  facility  for  the  ex- 
amination of  the  beautiful  collection  of  Choanitos  preserved  in  the 
Liverpool  Free  Museum ;  and  transparent  slices  taken  from  speci- 
mens of  that  genus  were  sent  me  from  the  Woodwardian  Maseam, 
Cambridge,  by  the  courtesy  of  Professor  Hughes. 

After  a  thorough  examination  of  the  material  I  had  thus  acquired, 
my  next  step  was  to  work  out  the  literature  of  the  subject ;  and  thii 
proved  to  be  a  more  laborious  and  unsatisfactory  undertaking  thin 
could  have  been  expected.  A  knowledge  of  the  minuto  structnre 
of  fossil  sponges  is  the  first  essential  towards  determining  their 
natural  affinities;  and  of  this  minute  structure  paheontc^ogicsl 
works  tell  us  little  or  nothing.  As  a  general  rule,  all  one  can 
learn  from  published  figures  and  descriptions  relates  to  external 
form  and  coarse  structure  only;  and  consequently  without  a  per- 
sonal examination  of  the  forms  described  one  is  not  alwap  in  a 
position  to  determine  whether  they  are  rightly  assigned  to  a 
particular  generic  group  or  not.  Moreover  the  external  form  of 
the  same  species  of  sponge  is  often  so  variable  that  when  one  has 
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led  as  to  the  genus  of  a  particiilar  form,  one  is  still  not  at  all 
as  to  whether  it  shonld  rank  as  a  distinct  species  or  not*  In 
face  of  these  difficulties  one  must  either  restrict  one's  self  to 
taoDiDg  those  species  only  which  have  fallen  under  one's  own 
ediate  attention ;  or  otherwise,  in  giving  a  complete  history  of 
^ap,  with  each  of  its  described  species,  one  must  be  prepared 
serve  judgment  on  a  large  number  of  forms,  leaving  their  defi- 
determination  to  future  research  and  other  observers.  The 
er  is  the  less  laborious  of  the  two  alternatives ;  the  latter, 
ver,  is  more  thorough ;  and  though  it  leaves  us  in  a  state  of 
ision  on  many  points,  it  indicates  on  the  other  hand  the  lacunm 
1  remain  to  be  filled  up,  and  by  supplying  a  reference  to  each 
ibed  species  serves  to  save  time  in  future  inquiries.  These 
ns  appear  to  me  sufficient  to  justify  its  adoption  in  the  follow- 
3Count. 

2.   HiSTOBT. 

(criptions  of  fossils  more  or  less  resembling  BiphonuB  occur  in 
orks  of  Logins,  Scheuchzer,  Bourguet,  and  various  other 
writers  on  petrifactions ;  but  the  first  important  paper  on  the 
t  we  owe  to  Quettard. 

Guettard.  *  Hist,  et  M^m.  de  TAoad.  Roy.  des  Sd/  (Paris), 
m.  bdv.  p.  239. 

a  paper  entitled  '*  Memoire  sur  quelques  corps  fossiles  pen 
) "  several  specimens  which  are  evidently  Siphonia  are  de- 
I  and  figured  (plate  i.  figs.  1-4,  plate  ii.  figs.  1-4,  plate  iii 

as  possessing  a  more  or  less  globular  body,  supported  on  an 
ted  conical  stalk  below,  and  excavated  at  the  summit  to  a 
:  or  less  depth  by  a  large  circular  cavity,  into  which  smaller 
Qg  canals  open.  It  is  shown  that  these  are  not  fossilized 
as  the  common  people  of  Normandy  and  Touraine  imagined, 
indeed,  some  of  the  labourers  in  Devonshire  believe  even  now; 
it  they  differ  in  important  respects  from  the  organism  to  which 
hzer   compared  them — ^the  Alcyonium  Jicus,  Linnasus,   de- 

by  MarsUli  as  "  Figue  de  substance  d'Eponge  et  d'Alcion," 
Gruettard  considers,  justly  enough,  to  be  a  sponge,  while  the 
ied  pears  "  (our  SijphomcB)  he  assigns  to  the  corals. 

Baier.  '  Oryctographia  Norica'  (Norimberg©),  J.  J.  Baier, 
46,  and  Supplement,  p.  59. 

10  body  of  this  work  the  "fossil  figs"  (tab.  i.  figs.  30,  31) 
sidered  to  belong  to  his  division  ^' Lusu$  Naturce;"  but  sub- 
ly  in  the  Supplement  they  are  referred  to  fossilised  marine 
lea  resembling  the  Alcyonia  (tab.  vii.  fig.  12). 

Valch.     •Das  Steinreich  systematisch  entworfen'   (Halle), 
E.  J.  Walch,  p.  196,  tab.  xxiv.  fig.  3  6. 
r  the  name  '^  Corallinischen  Feigen  "  our  fossils  are  here  re- 
3  a  group  of  marine  Fungites. 

372 
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1770.  Guettard.  «M^m.  sur  les  Sci.  et  Arts/  torn.  ii.  p.  100,  -De 
la  structuro  des  Polypites  ou  Polj^piere  fossiles ;"  p-  317, "Ar- 
rangement m^thodique  des  Polypites." 

In  these  papers  a  very  full  and  accurate  deacriptioii,  illiistiii«^ 
with  numerous  figures,  is  given  of  various  SipJumue.  They  coaaft- 
tute  as  "  Caricoides  "  the  fost  genus  of  the  class  of  polypitefi,  whi^ 
are  defined  as  "  marine  fossil  bodies  of  various  forms,  branflked  or 
not,  pierced  by  simple  or  steUate  holes,  and  which  in  their  oiigiii*! 
state  were  formed  by  polyps  contained  in  these  holes." 

After  a  definition  of  the  g^nus  very  similar  to  that  of  1751,  a 
number  of  species  are  described  and  figured,  including  among  *^*^ 
a  "  Caricoide  with  five  or  six  ribs,**  which  is  a  veritable  iS*pAd»*« 
costata  (Hallirhoa,  Lamx.). 

Altogether,  in  Guettard's  hands,  the  Caricoides  form  a  very  natozal 
group. 

1778.  Schroter.     '  YoUstandige  Einleitung  in  d.  Eenntniss  u-  Ge- 
schichte  d.  Steine  u.  Versteinerungen,'  vol.  iii.  p.  431. 

To  this  work  I  have  unfortunately  not  succeeded  in  obtaining 
access. 

1808.  Parkinson.  '  Organic  Eemains  of  a  Former  World,'  voL  ii 
p.  95,  plate  ix.  figs.  4,  7,  8,  11,  12, 13,  plate  xi.  fig.  8. 

Parkinson  considers  that  we  must  in  most  cases  give  up  every  idea 
of  distinguishing  between  Alcyonia  and  sponges  in  the  fossil  state. 
He  refers  Guettard's  forms  to  one  or  the  other  without  deciding 
which,  and  at  the  same  time  regards  some  of  them,  e.  g,  tiiat 
figured  by  him  on  plate  ix.  fig.  4,  as  presenting,  along  with  cha- 
racteristic differences,  a  very  striking  resemblance  to^^c^amttm^/SrtUy 
Linn. 

Parkinson's  contributions  to  our  knowledge  of  the  genus  consist 
chiefiy  of  quotations  from  Guettard,  and  of  figures  of  sections  taken 
longitudinally  and  transversely  through  the  sponge  (plate  ix.  figs. 
7, 12,  13). 

1814.  T.  Webster.  *  Geological  Transactions,'  ser.  1,  voL  iii. 
p.  378,  pis.  27-30. 

In  a  letter  to  Sir  Henry  Englefield,  dated  Aug.  21,  1811,  this 
author  describes  some  silicified  remains  of  sponges,  one  form  of 
which  he  names  "  tulip-alcyonium."  This  consists  of  a  head,  com- 
posed of  a  group  of  more  or  less  parallel  tubules,  without  a  central 
cloaca  at  the  summit,  and  supported  below  on  a  slender  stem  some 
four  or  fL\^  feet  in  length  ;  it  occurs  abundantly  in  the  Greensand 
of  Western  Lines,  Isle  of  Wight. 

This  form  appears  to  be  a  true  Stphonia^  though  it  possesses  no 
central  cloaca,  and  as  a  consequence  its  excurrent  canals  are  arranged 
in  a  longitudinal  fascia,  and  open  on  a  plane  area  at  the  summit — 
an  arrangement  which  is  usually  regarded  as  diagnostic  of  Jerm. 
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[.  Lamonroux,  J.  'EzpoBition  mdthodiqne  des  genres  de 
I'ordre  des  Polypiers  (des  Zoophytes,  Ellis  et  Solander)/  pp.  72 
ind  79,  tab.  78.  figs.  1,  2,  3. 

Douroux  describes  certain  Siphonian  forms  (S.  Websteri,  Sow., 
'ifomis,  Goldf.  (?),  S,  eostata,  Lamx.)  under  his  two  genera 
aDd  HaUirhoa,  differentiating  the  latter  from  the  former  on 
ound  thot  it  possesses  a  central  cloaca,  which  Jerea  does  not. 
hoa  is  made  to  include  two  species,  H,  lycoperdoidts  (tab. 
f.  2),  a  smooth  form,  possibly  correspondiDg  to  Goldfuss's 
ia  piriformis,  and  H.  costata  (tab.  78.  ^g,  1),  distinguished 
longitudiiial  ribs.  The  ribs  are  said  to  vary  in  number  and 
id  to  be  of  merely  specific  importance ;  their  elevation  to  the 
'  a  generic  character  was  a  mistake  of  subsequent  writers. 
\  represented  by  bnt  one  species,  J.  pyriformis,  probably 
J  with  S.  WehsUri. 

uroux  refers  both  Jerea  and  Hcdlirhoa  to  the  last  of  his 
visions  of  the  Polypiers ;  but  he  does  not  include  them  in 
le  order ;  on  the  contrary,  while  Uallirhoa  goes  into  the 
th  order,  or  Alcyon^s,  Jerea  is  placed,  along  with  Montli^ 
^henendopora^  &c.,  in  the  twentieth  order,  or  Actinaires. 

tfantell.  'Fossilfl  of  the  South  Downs,'  p.  178,  tab.  xv. 
2 ;  tab.  xvi.  figs.  19,  20,  21. 

enus  ChoaniteSy  of  Mantell,  which  is  in  this  place  very 
lefined  by  him,  professes  to  be  founded  on  Alcyonium  ficus^ 
i  a  type,  and  consequently  embraces  several  of  the 
s  referred  by  Parkinson  to  the  same  alliance.  The  forms 
claimed  by  Mantell  are  represented  on  pi.  ix.  figs.  1,  3,  4, 
.  xi.  fig.  8,  of  Parkinson's  '  Organic  Eemains.' 
ecies  of  the  genus  are  described  and  figured :  one,  Choanites 
IS  (tab.  XV.  f.  2.),  from  the  Upper  Chalk  of  Lewes,  is  a  true 
,  or  lantern-jointed  Hexactinellid,  previously  and  correctly 
^j  Toulmiii  Smith  as  CepJudites  subrotundus ;  the  other 
I  the  chalk  fiints  of  Lewes,  appears  to  be  a  large  conical 
dthout  a  stem,  and  is  named  Choanites  Konigii  (tab.  xvi. 

foniuni  (?)  pyriformis  is  mentioned  as  occurring  at 
outh  Bourne,  near  Beachey  Head,  in  grey  Chalk  marl. 

Idfuss.  '  Petrefacta  GermaniaB,'  pp.  16-18,  97,  98,  221 ; 
figs.  7  to  11 ;  pL  XXXV.  figs.  10  to  12;  pi.  xlv.  figs.  13 
L 

>.onia  of  Goldfuss  is  simply  Guettard's  genus  Caricoides 
ler  name,  and  (since  it  is  made  to  include  Lamouroux's 
)  -with  a  slightly  wider  definition ;  and  yet,  without  any 
^  alleged,  its  authorship  is  assigned  to  Parkinson.  But 
js  quotes  Guettard's  memoirs  on  this  subject,  I  should 
had  never  seen  them. 
I  is  classed  with  the  Polypites,  its  polyparium  stated  to 
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be  polymorphic,  fixed  or  free,  witii  thick  fibres,  which  were  pro- 
bably sabgelatinoufl  (!)  in  the  living  state ;  the  diatiiiction  of  iU 
canalB  into  two  groups  is  noticed,  the  one  longitudinal,  and  c^mung 
into  a  central  ostide  or  upon  a  plane  surface,  and  the  other  trans- 
verse,  terminating  in  the  ostioles  scattered  on  the  lateral  amfsce. 

Nine  species  are  described  and  figured,  all  of  them,  ^with  one  ex- 
ception, which  is  assigned  to  Miinster,  being  claimed  as  new. 

Tablb  or  SnciBs. 


" 

p.       PL  fig 

S.Jicus   Ooldf. 

QuaderSandB. 

Quedlinburg. 

221     66    14 

^  punctata,.:  Mimst. 

f«        tf 

Gk)slar. 

.,       »      IS 

^                1 
„  piriformU  \    Qoldf. 

r0halk(?) 
JuraKalk*. 

Chamont. 
Stareitberg. 

16  6  7 
97     35     10 

„  excawta.J       „ 

?         ? 

? 

17      «       8 

?         ? 

? 

,.       „       9 

„  jwhttMmt.l 

FiresUme. 

Paris,  Ooartagium. 

„       ..      10 

.,  wcraMo/a  .|       „ 

OrMOMad. 

Coesfeld,  Wertphalia, 

.,      33      6 

„  oerHcomU 

>t 



»        '     { 

18  6  11 
98    35    11 

„  ampuUacea 

»• 

„       „      12 

1831.     Deshayes.     '  Description  des  Coquilles  caracteristiques  dea 
terrains,'  p.  255,  pi.  xi.  figs.  1  and  3. 
This  author  simply  notices  the  occurrence  of  Siphonia  cosiata  and 
S.  pyriformis  in  the  Cretaceous  strata. 

1831.  Benett  « Catalogue  of  Organic  Bemains  of  Wilts,'  pp.  8,  9, 
pi.  1  to  8. 
Miss  Etheldred  Benett  describes  and  figures  a  large  number  of 
fossil  sponges,  including  several  forms  of  SipTioniaj  from  the  green- 
sand  of  Wilts.  They  are  all  placed  in  the  same  genus  PalypO" 
theciaj  Benett,  a  somewhat  heterogeneous  mixture  of  fbrms,  grouped 
together  apparently  on  insufficient  grounds  of  resemblance,  and 
separated  into  species  on  insufficient  degrees  of  dissimilarity  in 
external  form.  Her  drawings,  however,  are  very  valuable,  since 
they  present  us  with  what  appear  to  be  two  gradational  series  of 
SiphonicBf  diverging  from  S,  pyriformis  into  S,  costata  on  the  one 
hand,  and  into  Folypothecia  expansa  on  the  other.  The  latter 
series  is  the  least  complete ;  but  it  appears  to  mark  a  passage  from 
S,  pyriformis^  through  an  open  cup-like  form  (P.  camplexa)  resem- 
bling a  Siphonia  costata  opened  out,  to  a  wide  shallow  saucer-shaped 
species  P.  expansa^  whidi  resembles,  at  least  superficially,  some 
forms  of  Corallistes.  The  other  series  commences  with  P.  sphcann 
cephala^  which  is  simply  a  smooth  ovoid  specimen  of  8.  pyriformis ; 

*  The  occurrence  of  (his  species  in  the  Jura  Kalk«  of  which  the  figure  leaves  oa 
in  no  doubt,  is  a  very  interesting  observation.  Qoldfuss  remarks  that  it  is  one 
of  the  very  few  fossils  oomraon  to  the  Chalk  and  Jura  Kalk. 

t  This  is  subsequently  identified  with  Jerta  pyriformis^  Lamx. 
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'ttkia  is  succeeded  by  a  true  S,  pyrtformis,  but  with  faintly  longitu- 
dinally wrinkled  sides ;  then  follows  P,  hiloba  (S.  costatd),  which 
bKo-ws  the  incipient  lobation  of  the  preceding  in  a  more  advanced 
Bta^e  ;  from  being  irregular  and  vague,  it  has  become  definite,  and 
eixhibits  two  regular  longitudinal  ribs.    The  lobation  thus  commenced 
is   continued  by  specimens  with  from  three  to  six  or  even  seven 
lobes :  so  great,  indeed,  is  the  tendency  of  this  form  to  lobation, 
tliat  in  P,  triloba  the  three  principal  folds  are  in  one  specimen  sub- 
divided into  secondary  ones  by  a  depression  running  longitudinally 
do'wn  each ;  and  in  a  variety  of  P,  seccloba  the  six  chief  ribs  are 
also  separated  into  secondary  ones,  but  in  this  case  by  transverse 
instead  of  longitudinal  constrictions.     So  easy  do  the  transitions 
between  the  varieties  in  this  series  appear  to  be,  as  to  leave  great 
doubt  in  one's  mind  as  to  the   spedfic  distinction  between  the 
extreme  forms  of  8.  pyriformis  and  S,  costata, 

1832.  Passy.  '  Description  gdologiqae  du  dc^partement  de  la  Seine- 
Inferieure,  p.  339,  pi.  xvi.  fig.  9. 
In  this  work  we  merely  find  a  notice  of  the  occurrence  of  a  form 
■which  the  author  calls  ClwaniUs  pyriformiSy  a  variety  of  C.  Kmigii. 
It  is  from  the  Upper  Chalk  in  the  department  of  the  Euro,  and 
appears  from  the  figure  to  bo  a  small  form  of  (7.  Konigii, 

1830-37.    Fischer-do-Waldheim.  *  Oryctographie  du  Gouv.  de  Mos- 
cou,'  pp.  178,  179,  tab.  xlviii.  figs.  3  and  4. 

The  genus  Siphonia  is  here  included  with  the  Polypiers,  and  Gold- 
fiiss's  definition  is  repeated.  A  new  form  is  figured  and  described 
as  S.  radiata^  a  variety  of  S,  pyriformis^  from  Bouchevoe,  ten 

rsts  from  Moscow,  in  Upper  Chalk. 

1834.    Blainville.     *  Manuel  d'Actinologie,'  p.  536,  pi.  95.  fig,  1. 

Blainville  defines  the  genus  according  to  Goldfuss,  and  enume- 
rates as  its  species  S,  pynformis,  excavaia^  pramorsay  pisHHum, 
incrassatay  and  cerviconiu,  A  recent  sponge  from  the  Mediterranean, 
exhibiting  a  certain  superficial  resemblance  to  Siphonia^  is  referred 
by  Blainville  to  this  genus,  and  not  only  so,  but  constituted  its 
type,  under  the  name  of  Siphonia  typum,  Do  Blainv.,  pi.  95.  fig.  1, 
Mere  de  Sicile. 

Now,  in  the  first  place,  this  8.  typum  appears  to  me  to  be  iden- 
tical with  the  Alcyonium  ficus,  Linn.,  described  by  Count  Marsilli, 
and  considered  by  Scheuchzer  and  Parkinson  to  be  the  living  repre- 
sentative of  8iphoniay  for  which  reason  they  referred  8iphoma  to 
Alcyonia.  Thus  this  particular  species  {8,  typum)  has  considerable 
interest  for  us,  especially  as  it  was  adopted  so  recently  as  1867  by 
the  kte  Dr.  Gray,  who  introduced  it  into  his  proposed  arrangement 
of  the  sponges  as  a  member  of  the  Keratacea  (Proo.  Zool.  8oc. 
1867,  p.  609).  The  fossil  Siphonia,  however,  is,  as  we  shall  show, 
a  Lithistid  sponge ;  and  it  would  certainly  be  curious  if  a  recent 
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\.  ijtol  1^  ^W«%  kac'n  ^  BUuriDe  in  the  thixpe  of  S.  U^vm 
xz  ,1^  i-^r  Li^i  -  likr^  3$  A  sene^^prWri  iB{irobability  aboat  snA 
*  -ar  rv«,  -:v,  ff .  uti  w  iiS  »  St««r.  ^ne  have  catadn  infoniiatioii  whidi 
xt*  '^i^r^  *J-^  ^*£3r«  «ca«:«  Mr.  W^odnrd  rnfomiB  me  that  a  sectkn 
jc  ,:itf  jc-:^-ial  5v--ca^t!s£  5.  ^^TT■i  has  becm  prepared  and  examiiied 
3LXTW*^o*i^-i*l~  ^7  iLr,  ^axije  ILeci.  asd  that  this  exhibitBthe  stme- 
rxr^  jc  \  2\;iT jr'-ai  scvcw :  u  /.  its  ^eieton  consistB  of  acerate 
s;:!^-^*.*.'^  >*;u.^ii  r,e:cijrr  ii:--'  r^r**^  This  fact,  irhich  was  known 
r,*  Tr  .'TTv  ia»£  ircvrtrt  ix  lae  MS.  ccrrertion  of  his  original  dasa- 
T.j"ua  n  -^*i  Tv-^sst^.tt  ,^  Mr.  Caner,  dean  up  the  w^le  matt^. 
Ir  'ju  ir^  ^i-w-v  S/ikiia  •«>«iM  is  not  a  Sipkomia  at  all,  since 
::  >«i*  jtf*  :/ii*f  AKiiikrjar*  wi:>  the  SipiktmicB  belong  to  the 
I..:.>-.-iufc.  m  t^:-x^ci»fr  iiiServct  *>rier  of  ^mnges;  thns  the  error 
ji  ]f*  u'*-**  ir  ri^e-ikC:  a^  acxt«  if  5L  typmm  be  the  same  thing 

is  -t*.  1*/ tt.-Kiv  v^  I  intly  t^ii^jre  it  is,  then  Parkinson^  mis- 

ui^  af  j-j^*  i^i-a^ic.  iic  lie  ^I<ar  iii>iirht  of  Gnettard,  who  plainly 
«▼  AZ'i  .T-s>c^i  .*a  lie  :x^T»?rtA2:  ditTerenees  in  gmeral  atmctizie 

IS?*?.    Srv^fT^r.    -  Tn^w  G^vL  Sx/  ser.  2,  roL  ir.  pL  2.  p.  340, 

tx  lias  TttTvr.  wi5,-4  »  aa  aj«oc»&c  to  Dr.  Fitton  s  memoir  on 
i2«f  ^crt::!  ixfxcw  tie  C*r.t,Ic.  Srv^^^  describes  and  figures  specimens 
i2ii  s^fco^ffi*  ,'f  a  JT^-B^  wsich  he  tcfms  Sipinmia  pyriformUj 
i>%vi£.  42C  ▼: ^:a  2^  f^aai  in  the  Greciisand  of  £lackdown.  He 
8t;sr«$  tiji^  i":  <3i:>tt3  as  KTsch  Tarietr  in  form  as  the  fruit  from 
v^^  h  itffTTvi^  ^  sasie.  Bis  fsures  axe  sapeih,  and  beantifullj 
ijii^crce  ^  |:if9KnI  5?nK  aad  ctn^ctme  of  the  specimens  described: 
ti*:T  ^T^  ia  cvnsec^cve  Veen  ccpiifd  br  many  succeeding  anthoi^ 
W  s^'rec*  1  ne«r«t  w  ar,  vitic^it  dne  acknovledgment. 

5*wvrcy  5  C>.  i^  --/  ^.  •>  2*  cn^  sfhciical  or  obconical  in  shape,  Kko 
Gvvirit<«^V  s^v<c£zr«=i$^  bet  Kwrre  or  kes  conicaL  and  with  a  gmeral 
HMesrbujc^v  w  Cv^  ^a^***^  G*:Ivi£. :  pvobablv,  howerer,  in  a  type  so 
Tarii^of  thuwe  ik^rB:^  axe  ^;u  Taricties  of  each  other. 

1SJ5?.     Lee.  J.  IL     *  Mj^nxine  of  Natural  Histoiy/  toL  iiL  nev 
ser.  p.  lv\  li^  2  to  ^ 

Lee  tecriSfs  two  specjess  which  he  refas  to  jSyAawig,  as^.  cfaK 
and  ;^.  ffW'^^.lc,  boch  icrms frc»  the  Chalk  of  Bndhngton,  Yoifcili. 
^eitber^  h>vvTer«  appeals  to  agree  in  g^Mral  chaiacten  with  this 
gencss:  acd  as  micxoiseopk  stnKtcie  is  not  adduced,  oondnsve 
eTidenee  as  regaid'S  their  agnitiew  is  wanting.  A  toy  intetesting 
cb^emtion  is  m^e,  to  the  effect  that  whilst  the  fibres  of  the  roots 
0/ 1  hese  spocges  aie  o<t  en  perfectly  preserred  in  the  Chalk,  ytt  in  no 
instance  haxe  they  been  found  attMhcd  to  a  foreign  body.  This 
fact  Etrikin^y  ilhistntes  the  similarity  in  habit  between  the  old 
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Chalk  sponges  and  those  which  live  half-immersed  and  unattached 
in  the  Atlantic  ooze  of  the  present  day. 

1840—41.      Bomer,  F.  A.  *Die  Versteinemngen  dos  norddeutschen 
Kreidegebirges/  p.  4,  tab.  ii.  figs.  1,  2,  3. 

The  ^nns  is  assigned,  as  in  all  works  subsequent  to  Blainville, 
to  the  sponges  ;  its  characters  are  defined  afresh ;  and  eight  species 
are  described  from  Cretaceous  strata,  of  which  three,  S,  cyUndrica 
(tab.  ii.  ^^.  1),  ocellata  (ib.  ^f^,  2),  oligostoma  (ib.  fig.  3),  are  new, 
while  a  fourth,  S.  Goldfussii,  is  the  Manon  pyrxfonne  of  Goldfuss, 
renamed  and  transferred,  I  think  rightly,  to  SipJwnia, 

S.  oligostoma  appears  to  be  a  lithistid  of  some  sort ;  but  there  is 
nothing  to  show  that  it  possesses  the  essential  structure  of  SipJionta ; 
the  two  other  new  species  exhibit  no  characters  by  which  we  can 
determine  even  their  ordinal  affinities. 

A  reference  is  made  to  Choanites  as  *^ Scyphia  (Choanites) 
Koenigii^^*  on  page  8,  where  we  find  its  right  to  generic  independ- 
ence strongly  questioned,  and  its  true  place  indicated  as  belonging 
to  the  Scy^hice. 


List  of  Specify. 


S.  punctata* 

3.  ficus, 

8.  Gol4fus9ii, 
8.  cyUndrica. 
8.  ocellaia. 
8,  oliyosfoma. 
8,  muitiformisf, 

8,  cervicamis. 


Upper  Chalk  Marl 
Lower      „        „ 
Upper     „        „ 
Grey  Chalk  (Planer) 
Lower  Chalk  Marl. 
Planer. 

Chalk  marl  (Planer) 
Lower  Chalk. 
Greensand  (elauconie) 
Lower  Chalk  Marl. 


Sudmerberg,  near  Goslar. 
Usenburg  and  Coeafeld. 
Sudmerberg,  near  Goslar. 
Steckelnburff  near  Quedlinburg. 
Near  Coesfeld. 
Steokelnburg. 

Near  Usenburg. 

Near  Peine. 

Vouziers,  Ardennes. 

Near  Lemford  and  Coesfeld. 


1840-47.     Michelin.     '  loonographie  Zoophytologique.' 

The  additions  to  our  knowledge  of  the  genus  made  here  consist 
chiefly  in  descriptions  of  a  number  of  species,  one  of  which,  S. 
orbuscula^  is  a  very  interesting  form,  since  it  presents  us  witti  a 
composite  S.  ^pyriformis^  characterized  by  a  number  of  sponge- 
bodies  borne  on  p^icels  branching  from  the  main  stem. 

Blainville's  mistake  in  reference  to  8,  typum  is  repeated,  and  my 
opinion  in  regard  to  its  identity  with  Ahyonium  ficuB^  Linn,,  con- 
firmed by  anticipation. 

In  the  following  list  of  species  those  which  are  printed  with  an 
asterisk  either  certainly  do  not  belong  here,  or  only  doubtfully, 

*  This  is  considered  identical  with  8.  incratsata,  Goldf. 
t  8.  pittUlum  is  supposed  to  belong  to  this  species. 
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S.aeaulis    ' 

Mich. 

Cretaceous. 

Cap  la  Uhye. 

„  arhttscMla    ..., 

,, 

*» 

EnTirons  de  Tours. 

,,  Jux'id^a    

,j 

f» 

Poitiers. 

..  FittoMi    

., 

., 

Cognac,  Loudun. 

„  imerttssafa  ...' 

i 

Goldf. 

„ 

Nogent  le  Botroa,  Tours,  Ifigii 
lard,  Guilbaat,Cotiloiigta. 

„  lagenaria^  ... 

Mich. 

Oolitic 

Caen. 

,,  fycoperdouUs* 

„ 

Cretaceous. 

Luc,  BanTille  (Oalradoa) 

„  w^titioculata 

>i 

ti 

Tours. 

„  nuciformi* .... 

»♦ 

Tours,  Honfleur. 

„  j^/ormU,,.^ 

Goldf. 

i» 

Bouen,  Havre,  Toura.    Qiateaa- 
vieux,    St,    Aignan,   B<§iaalartL 

„  rmHCs^ 

Mich. 

>» 

Tours. 

{HalUrkoa) 

S.  brencosta  ' 

»i 

»» 

Tours  (P.  agarictformi$,  Btaetx^ 

wats). 

Vachca-noires,  Kogent-le-Boiroe, 

„  eosfiUa    

Lftinx. 

»» 

Rdmalard.  Cw  la  H^Te. 
Vaches-noires,  Yillera-aur-Mer. 

„  T«s$onis ' 

Mich. 

If 

lS4o-46.     Eeoss,  A.  E.     *Die  Versteirieningen  der  bohmisehcB 
Rreideformation,*  vol.  ii.  p.  72. 
Mention  is  made  of  six  speciee,  of  which  four  are  described  as 
new. 

List  op  SpKaxs. 

5.  ffrna^a,  Bsa.,  Lowest  Chalk  marl,  S.  foot  of  Borzcn,  near  Bilin ;  Tripelber^, 

near  Kut^hlin.     PL  xrii.  figs.  1  and  3. 
5.  pyriformisy  Goldf..  Upper  Chalk  marl,  Kutschlin. 
S.  eivnqatOj  Bss.,   Upper  Chalk    marl,    Kutschlin,    Ilundorf,     BadovoBttz. 

PI.  xUii.  fig.  1. 
8,  Meterosioma,  Rss..  Lowest  homstone-like  conglomerate,  S.  Borgen,  S.  Hradiatt; 

Loweet  Chalk  marl.  Schilling,  near  Bilin.     PI.  xriL  figs.  4,  5. 
^.  biseriatay  Bs^,  Conglomerate,  southern  foot,  Borzen.     PL  xrii.  fig.  6. 
SL  cercicomis^  Goldf,  Upper  Chalk  marl,  Kutschlin,  Hundorf ;  Lower  Oialk 

marL  Bilin ;  *  Pjropensand '  of  TriihletE. 

S,  temata^  the  Ctifmtdium  Umatum,  Rss.,  of  an  earlier  work 
(Geogn.  Skizz.  ii.  p.  298),  possesses  the  general  structure  of  a 
SipJwnia^  and  is  in  all  probability  a  Lithistid,  closely  allied  to,  if 
not  identical  with  our  genus. 

jS>.  elongata.  This  appears  also  to  be  a  Lithistid,  and  is  yery  likely 
a  Siphonia  as  well. 

S,  het^rostoma  and  hisenata.  These  are  both  Hexactinellids,  with 
no  relations  to  Siphonia ;  on  the  other  hand  they  closely  reoemble 
Stauronema,  mihi,  in  the  coarseness  of  their  sexradiate  fibre,  and 
in  the  simplicity  of  its  nodes  ;  they  are  like  this  genus  in  general 
form  also,  and  will  therefore,  I  expect,  on  closer  examination  be 
found  to  be  allied  to  it. 

S,  ctrvicomis  is  said  to  be  exceedingly  similar  to  the  lower  part 
of  Jerea  arhoresctns^  Mich. 

1830.     D'Orbigny,   A,      *  Prodrome    de    Pal^ntdogie,'   toL   iL 
pp.  186  and  285. 
D'Orbigny  includes  ffaUirhoa^&nd  Choanites  with  SiphonicL,  and 
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entmierates  the  following  species  from  the  "  etage  Cenomanion " 
(p.186):— 

1.  SipTionia  costata^  which  includes  Hallirhoa  cosiata^  Lamz., 
and  ff.  Tessonis,  Mich. 

2.  S.  acaxdis,  Mich. 

3.  S.  ficus^  Goldf.,  which  includes  Sowerby's  >S,  pyriformis.  From 
the  "  ^tage  Senonien"  (p.  285)  :— 

1.  8.  lycoperdiUSy  D'Orb.,  in  which  are  merged  S.  jpiriformia 
and  iS.  incretssata,  Goldf. 

2.  S.  Konigii,  Choamtes  Kimigii,  Mantell,  to  which  he  adds, 
as  belonging  here,  Spongia  terehrata,  Phil.,  and  Scyphia  (Cnemi^ 
dium),  pertusum,  Eeuss.  Of  course,  without  a  knowledge  of  the 
intimate  structure  of  these  species,  it  is  impossible  to  deny  the 
justice  of  these  identifications ;  but  the  figures  of  Phillips  (Geol. 
Yorks.  pi.  i.  fig.  10),  and  of  Reuss  (Bohm.  Kreid.  pi.  xvi.  figs.  7  to 
12),  exhibit  a  very  marked  difference  from  the  ChoaniUs  of  Mantell, 
since  they  possess  only  one  set  of  canals,  the  longitudinal  group 
being  absent. 

3.  S,  tuberosa  equivalent  to  Scyphia  tuberom,  Romer  (Nordd.  Kreid. 
pL  ii.  fig.  9),  Romer  figures  the  minute  structure  of  this  sponge  ; 
It  is  a  true  Hexactinellid,  and  has  nothing  to  do  with  Siphonia. 

4.  S,  dichotoma  is  Michelin's  ScypJiia  dichotoma ;  and  the  reference 
here  is  doubtful,  to  say  the  least>  since  the  minute  structure  is  not 
known. 

5.  S.  infundihulum,  D'Orb.,  is  Scyphia  terehrata,  Mich. ;  another 
of  those  generic  identifications  which  rest  on  no  sufficierft  basis. 

6  to  9.  S.  arbtiscuia,  Jkoidea,  Fittoni,  brevicosta,  all  Michelin's, 

10.  S.  elongata,  Eeuss. 

11.  iSf.  temata,  Beuss. 

12.  S,  multiformisy  Bronn. 

1861,     Bronn.     *Lethaja  Geognostica,'  Th.   v.   p.   73,   t.   xxvii. 
^g.  20. 

Bronn  considers  that  there  is  no  essential  difference  between 
SipJionia,  HalUrhoa,  and  Jerea ;  at  the  most  they  are  subgenera. 
There  can  be  no  doubt  that  as  regards  the  first  two  he  is  right ;  and 
"with  respect  to  the  third  the  probabilities  are  in  his  favour ;  tho 
Siphonia  of  the  Folkestone  Gault  differs  in  no  important  particular 
from  the  Jerea  pyriformis  of  Lamouroux  and  Michelin  ;  but  without 
wi  opportunity  of  examining  more  species  of  Jerea  I  do  not  feel  able 
to  pass  an  opinion  upon  the  whole  group.  Bronn  also  describes  and 
figures  a  new  species,  Siphonia  multiformis  (Jerea  jyyriformis,  Dcfr. 
I^ict.  8ci.  Nat.,  Atlas  des  Polyp,  xlix.  fig.  2) ;  this  does  not  possess 
the  usual  central  cloaca  of  SipJwnia,  but  otherwise  strongly  resembles 
it.  The  various  other  species  of  the  genus,  which  he  quotes  and 
rearranges  from  other  authors,  will  be  found  referred  to  him  in  the 
appended  catalogue,  pp.  825-833. 

Ohounites  he  maintains  as  a  distinct  genus,  partly  on  account 
^f  its  spiral  canal ;  and  his  C,  Kcenigi  is  made  to  include  Spongia 
^rebrata,  Phill.,  and  Scyphia  Tieteromorpha,  Gein. 
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lSt>:l      P\>rbi«T,      *  Cofiirs  elem.  d©  Paleontologie  et  Geologie, 

Thse  5pos^^  Mv  h«ne  dirided  into  two  groups,  tboee  *'  k  squdett-e 
cvr=:^  ^  arr-i  th  ->?e  *•  i  squelette  testaoe :  **  the  latter,  characteiiied  by 
a  s5o=T  cjJ:Arvo;»  $i.eIeto«u  are  whoUr  fossil  and  extinct,  the  formfr 
Kcvit  aai  Bcrer  f->aisd  in  the  fiossil  state.  Our  Sqfhonta,  therefore, 
al  *r  JT  w^ih  all  cither  K>ssil  spc^nges,  b^ngs  to  the  testaceous  diviaoo, 
a=^L»i:i  six  c«h«?r  genera,  it  c^^nstitutes  the  family  "  Siphonid*,'' 

Tbe  £rinp  cf  5.  *\-^*  i  dir.  ;ti»>  V  so  often  quoted  as  D'Oiidgnj^s  is 
ai  -.-ced  »  i:h :.::  s  rijiovlt^isnaent  from  Sowerby  s  beautifal  drawings 

1>>\     MjLzteZ,  G.  A.     •  Medals  of  Creation/  p.  230. 

A  <ir-n  acvvun:  of  the  genus  and  some  of  its  characteristic 
j5«ifV5es  »  gtTva*  a.'^^Tnpanied  by  woodcuts  (lign.  73.  figs.  1  to  5). 
A  f.-rsr  ^fvrr  $ir:ii!ir  to  5.  piri/crmts  is  said  to  occur  somewhat 
a>c=riA-tlT  ia  t'::e  Portland  limestone;  this  confirms  Goldfusss 
frctj^rraiicft  c-  the  r»nj^*  of  this  species. 

A  Sfcfw  39«x>«;.  C>  tv  «i\i  jr>mVt.j,irt  i^lign.  69.  fig.  3),  is  next 
^^<cr:S>i  tr.aa  sli.x^  contEsccily  used  at  Brighton  and  in  the  Isle  of 
VTiirci:  f^'T  SDocrtiri:  in  brvvches  :  but  no  evidence  is  produced  to 
si-,*'*-  'm-t^cii-cr  t2ii5  i<  a  S^  '*    .:\f  or  not. 

C'».»-  •  '.*  JT,*  -.■  li^n.  75"^  is  again  described,  and  said  to  diffor 
feva  ^.yV.M  in  the  aScnce  of  astern.  The  ^iral tube  which 
w»*  ot::<v:<\i  Vv  Mr.  C.:r.r.irx:on  winding  round  its  centnd  cavity, 


InM.     M.^rr.5.  J, >:i.     •  Catil  xrue  of  British  Fossils;  p.  30. 

TV  «>fv"^  . :'  >^  ^  •^:'*:  t  recocniied  by  Professor  Moms  as  occur- 
irJT  ir  Fr'.:^!-  ii^-a* tMI.ws : — ^.  at%i7v*y i.  Lee :  ctrricomis?^ Gold! ; 
,•»•"«.  L«f^:  C'csT--.  L:jrx.:  Jlf,*rrt5kV  {^JIorns9^xHa^  Mantdl) ;  pfn- 
*v-*  JkV\I»H: :.  V'^-?M  v>i •■*•/••»  i^rx^mUu  Phillips):  FV6«/«n,  Sow. 

lS-7.  Pt;.-:;::,  F.  G.  ^Tr^te  de  Paleontologies  torn.  ir.  p.  541, 
A:Ii5^  p^  ex,  i^  1^  *.  k  f. 
FvC^wj  PX'^^kr.T  in  his  views  of  the  structure  and  rdations  of 
^'  ,K  *•*,  *i:7ci:ii  DVrbijsy  s  tribe  of  Siphoi^rdjp,  and  placing  this 
al.-JC  w*-*.-  Jul  v:r.t:r  fvxssil  sponge*  except  Clionides,  i.  r.  boring 
sccr^P?^  i=i  -^  fisiily  PrrmvxsroyGipjK.  which  cone^ponds  with 
IVvVV^iTLv V  *-scv  ::^5  wi:h  lestaceot»  skeletons^"  minus  the  Clionides 

U  aid.:*, a  w  fi'-r.^.-Vxi,  i\*yfW<.Wd* and  ChotmiUs are  indoded 
as  s\:xc^\Ta«^ 

15^.  Frv«<'2:irL     *•  Iritiv^iTictioa  i  Tetude  des  Sponges  fosriles  :* 
extrfcit  »irt  M^n.  Sot.  Lisn.  de  la  Normandie,  voL  xL  pLL  1 12 

TV  oriw  -  Spoegiairw  "  of  this  author  correspoiidi  to  Piciet'§ 
Fv^uv^csf^iK:  aEdhis$uborierof;?f#*^ilar»«l«W*««emhrMeslhe 
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three  families  Eudeens,  Siphonocoeliens,  and  J^r^ens,  the  first  two  of 
which  receive  most  of  the  genera  of  D'Orbigny's  Siphonidse,  and  are 
distinguished  from  the  latter  by  the  isolation  of  their  tubules,  which 
in  the  Jer^ens  are  grouped  together  in  fascice  or  in  series.  This  dif- 
ference the  author  is  able  to  maintain  in  the  case  of  Siphonia,  appa- 
rently by  never  having  examined  actual  specimens  of  the  genus ;  at 
all  events  among  his  rlchauffies  figures  of  Sowerb/s  S.  pyriformis^ 
taken  at  second  hand  from  D'Orbigny,  there  is  one  illustrating  a  sec- 
tion said  to  have  been  made  longitudinaUy  through  the  sponge,  which 
does  not  exhibit  the  longitudinal  tubules  which  are  the  most  weU- 
marked  canals  of  all  in  Sowerb/s  faultless  drawings,  and  in  all 
specimens  which  have  come  under  my  own  observation.  Any  thing 
more  misleading  than  the  section,  fig.  12  a,  pi.  i.,  can  scarcely  be 
imagined. 

Siphonia  is  distinguished  from  the  other  genera  of  this  family  by 
being  borne  on  a  stalk,  and  is  divided  into  two  distinct  new  genera, 
Siphoneudea  and  Polysiphoneudea,  the  latter  founded  on  Siphonia 
arbuscula,  Mich.,  and  distinguished  from  the  former  by  bearing 
several  sponge-bodies  on  its  raceme  instead  of  a  single  one.  The 
distinction  is  a  trivial  one,  and  scarcely  of  specific  importance  even. 
The  mistake  made  by  earlier  authors  of  regarding  the  specialized 
pore-areas  on  the  exterior  surface  of  the  sponge  as  representing 
oscular  openings  is  repeated  here,  and,  I  believe,  by  every  one  who 
has  had  occasion  to  mention  them  both  before  and  since. 

1861.  CJourtiliier,  A.  "  Sponges  fossUes  des  sables  du  terrain  Cre- 
tac^  sup^rieur  des  en\-irons  de  Saumur,  etage  Senonien  de 
D'Orbigny "  (Extrait  dcs  Annales  de  la  Socidte  linneenne  de 
Maine-et-Loire). 

This  author  simply  describes  a  number  of  species  of  Siphonia^  the 
names  of  which  will  be  found  in  the  appendix.  His  specific  dis- 
tinctions are  founded  on  slight  variations  of  external  form,  so  slight 
sometimes  as  to  lead  one  to  wonder  whether  he  has  not  given  a 
separate  name  to  each  individual  specimen  in  his  collection. 

1864-66.  Eomer,  F.  A.  "  Die  Spongitarien  des  norddeutschen 
Kreidegebirges,"  Palaeontographica,  vol,  xiii.  pp.  1-64. 

Romer  follows  D'Orbigny  and  Fromentel  in  his  classification, 
adopting,  as  Pomel  remarks,  the  errors  of  both,  which  he  modifies 
according  to  Etallon,  or  from  his  own  inspiration,  or  Toulmin  Smith. 

The  Siphonidee  are  stated  to  possess  "  wurmformig  "  (Lithistid) 
structure  externally,  sometimes  combined  with  a  "  gitterf (irmig  " 
(Hexactinellid)  structure  in  the  interior.  This  is  as  mythical  a 
combination  as  the  organism  of  the  legendary  "  Griffin,"  and  can 
only  be  explained  on  the  supposition  that  a  Lithistid  sponge  has 
grown  over  a  HexactinoUid  to  the  extent  of  enclosing  it.  In  the 
forms  I  have  examined  certainly  nothing  of  the  kind  is  to  be  seen. 

The  genus  Siphonia  is  defined  according  to  Fromentel,  whose 
genus  Polysiphonia  is  accepted  without  comment :  while  the  Asiylo- 
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tpon^9  *  (Siphoma  excavaUn,  Ooldf.X  which  ocotirs  in  the  Silnruui,  i» 
retained  m  a  member  of  the  family. 

The  species  described  are  S.Jicui^  Kcenigii^  tuberosa  (Se^i>kia  Utbt- 
r»ni,  Romer,  1^0),  omaiat  astroida ;  the  last  two  of  whi^  are  new, 
while  6\  hi^«n>M  (^as  before  mentioned  p.  799)  is  a  true  HezaetiDdlid, 
and  has  no  plaoe  with  the  Siphoma, 

S.  pyri/onms  and  iS.  puneUUa  are  referred  to  Jerea  ;  and  manr 
other  species  of  prerioiis  authors  find  their  place  amidst  new  ai^ 
strange  relationshipe,  going  into  varioos  other  genera  and  eren 
different  families*  The  new  arrangements  proposed  by  this  re- 
former are  indeed  bewildering,  and  help  to  show  what,  nnforto- 
nately,  is  onlr  too  sufficiently  obvious,  the  utter  and  distracting 
contusion  in  which  the  classification  of  the  fossil  sponges  is  inTolyed, 
and  which  must  continue  without  any  prospect  of  order  or  finality 
till  the  ultimate  structure  of  the  forms  described  is  made  the  basis 
of  their  arrangement,  as  in  the  case  of  recent  sponges. 

The  multiplication  of  synonyms  which  has  grown  up  in  oonse^ 
quvnce  of  all  absence  of  a  guiding  principle  in  the  grouping  of  forms 
will  be  seen  in  the  appended  Tables  (pp.  825-833),  the  valne  of 
which  would  be  greater  but  for  the  fact  that  eyen  the  ordinal 
characters  of  a  great  number  of  the  species  whidi  are  therein 
named  are  unknown,  and  cannot  be  discoTered  from  an  examina- 
tion either  of  the  figures  or  the  descriptions  of  their  authors. 

l^^>t>,  D*Eiohwald,  E.    *  Lethiea  Rossica/  voL  i.  p.  329 ;  voL  iL  aec 
1,  pp*  U>0-102. 

In  ToL  i.  p.  32l\  a  new  species,  Stphonia  c^Utujtrica  (Echw.  non 
BeussV  is  described  from  the  Orthooeratite  bed  of  Zarskoje  near  St. 
IVtorjburg.  There  are  no  characters  about  this  sufficiently  marked 
for  its  reference  to  the  sponges  at  all,  and  certainly  none  to  show 
that  it  is  a  Sii^onia.  SipMonia  prermorsa  and  excavata^  GoldfL,  art 
giTcn  from  the  same  horizon  at  Zarskoje^  Poulkowa,  and  Tarioofl 
other  localities. 

In  Tv>l.  ii.  p.  100,  we  find  a  description  of  the  genua  Si^tmkt^ 
which  is  said,  partly  on  the  evidence  of  the  species  cited  in  voL  L, 
to  range  fVom  the  Palieozoic  into  the  Mesoioic  periods,  attaining  its 
maximum  in  the  Cretaceous. 

Two  new  species,  ^?.  pi  rum  (pi.  ti.  ^g,  8),  a  doubtful  member  of 
the  genus,  and  5.  nvaJirfort  (pi.  vi.  fig.  7),  a  large  and  symmetrical 
form  vcTT  similar  to  5.  ptrriformis,  Sowerby,  are  described  and  fignred 
from  the  Noocomian  ;  and  iS.  radiata  of  Fischer  is  mentioned  as 
occurring  in  the  Cretaceous  of  BouscheToye,  near  Moscow. 

1S6S.  Boworbank.  Dr.  J.  S.     •*  A  Monograph  on  the  Sfficeo-fibrons 
Sponges,**  pt.  ii.  (Proceedings  of  the  Zoological  Society,  1869, 
p.  342,  pi.  xxT.  figs,  6  &  7). 
Dr.  Boworbank  gives  the  name  "  PurUiphonia  **  to  a  new  genus  ol 

*  Zitt«l  sbow9  that  this  sponf^  is  a  true  Hexactixiellid  (AbhaudliiDgeii  der 
k.  biijer.  Abidemie  der  Wia.  u.  CI.  ziii  Bd.  i.  Abth.  pp.  35  &  44). 
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Titreo-hexactinellid  sponges,  apparentlj  out  of  a  vague  impression 
that  Siplionia  and  it  are  near  relations.  I  merely  make  mention  of 
the  fact  here  in  order  to  state  definitely  that  Siphonia  and  Purisi- 
phonia  resemble  each  other  in  nothing  except  their  names. 

1872.  Pomel,  A.    *  Paleontologie  de  la  Province  d*Oran,'  p.  124, 

This  author  makes  a  decided  advance  in  regarding  the  differences 
in  the  skeletal  tissue  of  sponges,  whether  vermiculate  or  lattice-like, 
as  of  fundamental  importance ;  to  the  class  characterized  by  the 
former  tissue  he  refers  the  Siphonidee ;  but  he  mars  the  value  of 
this  by  assigning  a  calcareoiis  composition  to  these  sponges,  a  mis- 
take probably  due  to  his  having  had  before  him  specimens  which 
had  undergone  a  mineral  replacement. 

Beyond  the  statement  that  the  Siphonian  skeleton  is  throughout 
vermiculate,  this  author,  though  he  writes  much,  does  not  appear  to 
add  any  thing  new. 

1872.  Nicholson,  H.  A.    'A  Manual  of  Palaeontology,'  p.  70. 

After  a  brief  description  of  the  genus,  Dr.  Nicholson  gives  it  as 
his  opinion  that  the  Siphonice  present  a  very  curious  resemblance  to 
the  Holtemce  (sarco-hexactineUid  sponges)  of  the  Atlantic  ooze,  and 
were  probably,  like  them,  inhabitants  of  a  deep  sea. 

What  resemblance  there  may  be  lies  wholly  on  the  surface  and  is 
not  very  remarkable  even  there.  The  ultimate  structure  of  the  two 
genera  is  as  completely  different  as  it  can  well  be ;  and  the  "  gise- 
ment "  of  most  Siphonice  is  a  greensand  deposit,  which  was  laid 
down,  not  in  the  depths  of  the  Cretaceous  ocean,  but  in  the  shallower 
waters  not  far  from  its  shores.  "  Choanites,'*  however,  appears  to  be 
the  deep-sea  form  of  the  genus. 

1873.  Thomson,  C.  Wyville.    *  The  Depths  ol  the  Sea,'  p.  486. 

After  describing  a  new  species  of  sponge,  Coehsphwra  tuhifex*^ "  an 
aberrant  group  of  the  Esperiadce"  (Gray's?),  Prof.  SirWyville  Thom- 
son goes  on  to  remark  that  Choanites  may  be  some  relation  of  this 
form,  on  grounds  of  resemblance  which  are  given  in  the  following  para- 
graph : — "  From  points  apparently  irregularly  placed  on  the  surface 
of  Uie  sponge,  tubes  about  3  mm.  in  diameter  run  out  in  all  directions; 
the  walls  of  the  tubes  are  thin  and  delicate,  being  more  so  towards 
the  distant  ends,  where  the  tubes  contract  slightly  to  an  open  orifice. 
At  the  proximal  end,  at  the  junction  between  the  tube  and  the 
sponge-body,  there  is  also  a  contraction,  and  a  slight  pit-like'involu- 
tion  of  the  surface  of  the  spoDge.  There  is  something  very  charac- 
teristic in  this  peculiar  form  of  junction  which  it  is  not  easy  to 
define,  but  which  almost  forces  the  conviction  that  there  is  the 
closest  relation  between  these  recent  forms  and  tube-bearing  fossil 
sponges  such  as  ChoanitaJ* 
The  Professor,  in  his  attempts  to  discover  resemblances  between 

*  Histioderma  appendioulafa,  Carter,  Ann.  k  Mag.  Nat.  Hist.  ser.  4,  toI.  xit. 
p.  4,  pi.  18. 
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fo6sil9  of  the  Chalk  and  the  Ihing  forms  of  the  Atlantic^  eecsM  Wr 
to  have  been  led  astray  :  the  tabes  of  CceHosphctra  are  extaitaL  aai 
Uiose  of  ChoaniUs  internal,  to  the  sponge-body ;  and  the  pecohaiitT 
in  the  junction  of  these  tubes  with  the  body  of  the  sponge  in  C^ 
sphctra  is  not  alleged  to  have  been  observed  in  the  case  of  Ckoax^n^ 
For  my  own  part  I  certainly  have  nerer  seen  it.  But  it  would  be  Tax- 
less to  argue  the  matter  fiuiher  on  these  grounds,  since  Cedaafkmt 
19,  in  spiculation,  closely  allied  to  Hdlichondria  incruMoH^  Johs^ 
while  ChoaniUs,  on  the  other  hand,  possesses  the  genuine  lithisbd 
skeleton,  and  belongs  without  doubt  to  the  genus  SipAonin, 

3.  Bescriptiok. 

General  Form  and  Structure. — ^The  outward  form  of  Siphonia  is 
exceedingly  variable ;  and  it  is  by  not  making  due  allowance  fortke 
extreme  polymorphism  of  the  genus  that  its  species  have  been  so 
extensivdy  multiplied.  Its  principal  part  consbts  of  a  head  or  body, 
which  is  usually,  but  not  always,  supported  on  a  distinct  stem. 

The  stem,  when  present,  is  more  or  less  cylindrical,  straight  near 
the  head,  but  generally  irregularly  undulating  lower  down  ;  it  ex- 
hibits great  variation  both  in  length  and  breadth,  sometimes  becomm^ 
so  short  as  to  render  the  sponge-body  almost  sessile  {S,  curta,  cyii*- 
driea,  etc.  Court.),  at  others  attaining  a  length  many  times  that  of 
the  sponge-body — e,  g.  in  S.  Websteriy  Sow.,  which  presents  us  with 
a  slender  stalk  some  four  or  five  feet  long;  between  th&e  two 
extremes  every  intermediate  gradation  may  occur.  It  is  usuallj 
simple,  but  sometimes  becomes  branched  (S.  arbuseula). 

At  its  proximal  extremity  it  breaks  up  into  a  number  of  diver- 
ging irregular  ramifications,  by  which  it  appears  to  be  attached  to 
the  surface  of  some  foreign  body. 

It  rarely  is  found  entire,  having  in  most  specimens  been  broken 
off  at  a  greater  or  less  distance  from  the  head.  When  absent,  as  it 
sometimes  is  in  /S^.  (Choanites)  Konigii^  it  is  replaced  by  a  number 
of  rooting  fibres  which  ramify  in  dl  directions  through  the  sur- 
rounding matrix  of  the  fossiL  With  this  substitution  of  anchorinjT 
filaments  for  a  process  of  attachment  may  be  correlated  the  fact  that 
S.  Konigii  is  the  chalk  or  deep-sea  form  of  its  genus,  while  the 
species  provided  with  stalks  are  characteristic  of  greensand  deposits, 
and  consequently  flourished  in  a  somewhat  shallow  sea. 

The  same  kind  of  adaptation  is  exemplified  in  the  case  of  EupUc- 
teUa,  which  is  an  anchoring  sponge  when  it  floats  half  immersed  in 
the  chalk-ooze  of  the  Atlantic,  but  becomes  fixed  and  adherent  when 
it  enters  the  shallower  waters  near  the  coast. 

The  sponge-body  presents  almost  every  possible  variety  of  form. 
CommenciDg  with  S,  pyriformis,  Goldf.  (tab.  vi.  f.  7  a),  wo  have  a 
head  nearly  spherical  in  shape ;  this  by  elongating  vertically  gives 
rise  to  a  series  of  more  or  less  prolate  ellipsoids,  S,  ovata,  Court, 
nucifonnis,  '^ich.,  pt/riformis.  Sow.  (he.  cit,  f .  3  &  9)  ;  by  becomiDg 
flattened  at  the  extremities  these  assume  a  cylindrical  shape,  S,  cy- 
Undrica,  Court.     On  the  other  hand,  a  shortening  of  the  globular 
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along  its  vertical  axis  produces  a  series  of  oblate  ellipsoids,  S. 
satOy  Goldf. ;  and  again,  if  it  enlarges  at  the  base,  conical  forms 
,  S.  conica^  Court.,  Jicus^  Goldf.,  FiiUmi,  Mich.,  pyri/ormis, 
or  if  at  the  summit  the  forms  become  obconic,  8,  pinfomiis, 
,  Mich.,  Court. ;  several  heads  of  this  form  borne  on  a  branch- 
iceme  constitute  S,  arhiscttla^  Mich.  Finally,  by  unequal 
growth,  lohations  more  or  lees  numerous  and  pronounced  arise, 
B  have  the  different  varieties  of  S.  costata. 
he  apex  of  the  body  is  the  opening  of  a  central  canal,  which 
is  for  a  variable  depth  towards  the  base  of  the  sponge,  some- 
ncarly  reaching  the  stem,  at  others  forming  only  a  shallow 
shaped  depression  ;  while  occasionally,  as  in  S,  Websleri,  it 
altogether  absent.  In  breadth  it  is  equally  variable :  in  some 
large  sponge  is  perforated  by  a  long  but  very  narrow  canal : 
rs  a  much  smaller  specimen  is  widely  excavated  by  a  broad 
shaped  cavity ;  and  if  S,  earpansa  be,  as  I  believe,  a  member 
;:enus,  the  widening  and  deepening  may  become  so  great  as 
3rt  the  canal  into  a  large  cup-like  hollow, 
unique  specimen  lent  me  by  Mr.  "Wm.  Yicary,  of  Exeter,  the 
is  incompletely  divided  by  longitudinal  fission  into  two  parts, 
which  possesses  its  apical  opening  and  central  canal, 
ides  of  the  central  canal  or  axial  tube  are  perforated  by  a 
of  round  or  oval  openings  about  ^V  ^  aV  ^"^^  ^^  diameter, 
at  about  equal  distances  from  each  other,  but  not  exhibiting 
quaternary  or  quincuucial  arrangement;  they  manifest, 
,  a  tendency  to  succeed  one  another  in  tiers  of  circular  rows, 
openings  are  seen  in  vortical  sections  to  be  the  distal  tor- 
8  of  a  number  of  canals  which  diverge  from  the  axial  tube 
orate  the  sponge ;  those  which  open  into  the  basal  part  of 
continue  its  axial  direction  downwards,  and  are  prolonged 
interior  of  the  stem  below,  while  those  which  open  into  the 
iad  out  in  descending  curves.  As  the  canals  open  nearer 
lit  of  the  central  tube,  so  they  lie  nearer  the  exterior  of  the 
and  as  they  approach  the  exterior,  so  they  become  more 
rith  its  contour. 

ly  specimens  the  most  exterior  of  these  canals  are  freely 
n  the  snrface,  radiating  away  from  the  edge  of  the  summit, 
s  winding,  bifurcating,  and  occasionally  anastomosing  fur- 
.*om  this  we  might  infer  that  the  more  internal  canals, 
not  so  clearly  revealed,  possess  the  same  characters ;  and 
ial  section  made  through  one  of  the  phosphatic  specimens 
estono  proves  that  such  is  really  the  case,  the  windings, 
8,  and  anastomosis  being  all  well  displayed. 
e  now  described  the  "  excurrent "  system  of  the  sponge. 
tube  is  the  "  cloaca ;  "  and  the  openings  in  its  walls  are  the 
of  the  longitudinal  or  excurrent  canals. 
crior  surface  of  the  sponge -body  is  pittod  by  a  number  of 
dispersed  more  or  less  circular  holes  about  -^  inch  diam., 
the  openings  of  canals  which  radiate  inwards,  normal  to 
,  towards  the  cloaca  of  the  sponge,  crossing  the  excurrent 
3.   No.  132.  3  a 
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canals  on  the  way.    These  radiating  canals  are  smaller  t^a  tiis 
excnrrent  ones,  and  also  differ  from  them  in  not  bein^  continuffQifa' 
any  considerable  distance,  very  few  extending  from  the  eircaimfatfitt 
to  the  centre.     Following  one  of  them  as  it  leayes  the  extcfrior  mr- 
face  it  is  found  to  proceed  for  a  shorter  or  longer  distance  invu^ 
and  then  to  terminate  in  one  of  the  longitudinal  or  excnrrent  escdb; 
but  other  radiating  tubes  start  afresh  firom  the  yidnity  of  the  pto 
where  it  disappears,  and>  after  proceeding  furtbier   inwards  wai 
crossing  several  excnrrent  canals  on  the  way,  terminate  like  the  «^ 
they  haye  replaced ;  and  so  by  easy  stages  the  central  cloaca  is  ^ 
length  attained.     Thus  a  succession  of  radiating  canals  maintains  is 
connexion  the  exterior  of  the  sponge  and  ihe  Tarious  longitadisfll 
canals.    These  radiating  canals  constitute  the  "incurrent"  syFtm: 
and  their  external  openings  are  the  functional  mouths  or  specialiie^ 
pore-areas  of  the  sponge,  and  not  <^  oscules,''  as  is  stated  in  woris 
on  palaeontology. 

The  interior  of  the  stem  is  occupied  by  longitudinal  canals  ia 
direct  continuation  with  those  of  the  sponge-body.  Radiating^  casali 
are  not  obviously  present ;  but  a  number  of  small  openings  occur  <a 
the  exterior,  from  which,  in  some  cases,  superficial  branching  eansli 
radiately  diverge  and,  after  wandering  for  some  distance  over  tbs 
surface,  become  gradually  lost 

The  interstices  between  the  canals  are  occupied  by  an  irregnlarif 
~reticulate,  originally  siliceous  skeleton,  the  examination  of  whidi 
must  next  engage  our  attention. 

Minute  Structure. — ^To  investigate  this  the  phosphatifed  spedmcos 
from  the  Folkestone  Gault  (Plate  XXV.  fig.  7)  were  in  the  first  pJa« 
employed*    These  specimens  had  become  somewhat  worn  by  tiM 
action  of  water  before  they  were  deposited  in  their  latest  *'gisfr- 
ment,"  and,  according  to  the  extent  of  the  attrition  they  have  un- 
dergone, vary  in  colour  from  grey  to  black,  just  as  may  be  obeerred 
in  the  case  of  the  coprolites  of  the  Cambridge  Greensand«     In  out- 
ward form  they  are  globular,  ellipsoidal,  spindle-shaped,  and  {nri- 
form,  varying  in  sice  from  |  to  1^  inch  in  length  and  breadth, 
with  no  constant  ratio  between  the  longitudinal  and  transverse  dis- 
meters.    At  one  end  a  roimd  scar  or  broken  stump  remains  to  indi- 
cate the  place  of  attachment  of  the  pedicel  now  broken  off;   at  ths 
other  extremity  is  a  plain  surface  in  the  centre,  from  which,  in  some 
specimens,   radiate   for  a  greater  or  less  distance  down  the  sides 
a  number  of  low  smooth  rounded  ridges,  about  -^  inch  broad ; 
these  undulate  somewhat  in  their  course,  and  anastomose  with  each 
other  laterally;  between  them  the  surface  of  the  sponge  is  depressed 
and  minutely  pitted.  The  central  plain  area  indicates  the  place  where 
the  interior  excnrrent  canals  originally  opened  on  the  surface,  or, 
perhaps,  in  a  few  instances,  according  to  Mr.  F.  G.  H.  Price,  F.G A, 
the  summit  of  a  cloaca  now  filled  up  with  foreign  matter.  The  radiating 
ridges  are  the  phosphatic  casts  of  the  exterior  excnrrent  canals,  and 
the  intervening  depressions  the  skeletal  interspaces,  the  pitting  of 
which  has  been  produced  by  the  removal,  in  solution  or  otherwise, 
of  the  skeletal  network  exposed  on  the  surface^ 
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From  these  specimens,  which  I  believe  to  be  chiefly  forms  of  ^t- 
phonia  Websteri^  Sow.,  slices  were  taken  in  the  following  direc- 
tions : — 1.  Along  the  longitudinal  axis  of  the  sponge,  longitudinal 
sections  (PI.  XXV.  fig.  7a) ;  2*  Transversely  through  its  centre,  trans- 
verge  sections  (PI.  XXV.  fig.  76);  3.  Parallel  to  the  vertical  axis,  but 
at  some  distance  from  it  nearer  the  exterior^  tangential  sections.  In 
examining  these  sections  we  find  the  internal  canals,  owing  to  their 
having  been  partially  filled  in  with  chalk  marl  and  other  earthy 
material,  are  distinguished  from  the  other  parts  by  being  more 
opaque  and  lighter  in  colour,  so  that  with  reflected  light  they  are 
dull  grey,  and  by  transmitted  light  almost  black  in  appearance; 
they  are  not,  however,  limited  by  definite  walls,  but  shade  iuto  the 
surrounding  substance,  i,  e.  the  phosphatic  material  which  now 
occupies  the  place  of  the  original  sarcode  of  the  sponge.  This  is 
more  or  less  transparent,  dark  brown  by  reflected,  and  light  amber 
or  yellowish  brown  by  transmitted  light ;  it  is  everywhere  traversed 
by  the  skeletal  network,  which  is  transparent  and  colourless,  and 
always  sharply  defined  from  its  matrix. 

Skeletal  Network. — The  structure  of  this  may  be  best  examined 
with  powers  of  from  60  to  140  diameters  and  by  transmitted 
light. 

Selecting  a  favourable  portion  (PL  XXVI.  fig.  1)  of  any  one  of  the 
sections,  we  observe,  well  marked  off  from  the  surrounding  brownish 
phosphate,  a  smaU  circular  colourless  area  (0*002  of  an  inch  in  dia- 
meter) (fig.  1  a),  which  is  the  cut  end  of  a  smooth  cylindrical  rod  that 
has  been  traversed  at  right  angles  by  the  plane  of  the  section ;  from 
this  circle,  then,  t.  e,  from  the  end  of  the  cylindrical  rod,  radiate 
three  smooth  cylindrical  arms,  0*005  to  0*016  of  an  inch  long  and 
0*002  of  an  inch  broad,  which  terminate,  either  without  or  with 
previous  bifurcation,  by  dividing  into  a  number  of  rounded  or  hemi- 
spherical apophyses,  between  which  are  left  corresponding  rounded 
concavities,  the  whole  termination  roughly  resembling  a  smaU  bunch 
of  grapes.  The  arms  make  various  angles  with  each  other,  main- 
taining no  constancy  in  this  respect. 

The  structure  thus  described  is  that  of  a  Lithistid  8piccde(Pl.  XXVI* 
fig.  2),  which,  as  it  exists  in  recent  sponges,  likewise  presents  us 
with  a  principal  cylindrical  shaft,  also  dividing  into  three  chief  ra- 
diating arms,  which  terminate  after  one  or,  it  may  be,  two  bifurca- 
tions, by  breaking  up  into  a  cluster  of  botryoidal  processes. 

The  bunch  of  irregular  knobs  and  sockets  which  ends  one  spicu- 
lar  ray  fits  into  and  interlocks  with  the  similar  cluster  at  the  end  of 
the  ray  of  an  adjoining  spicule,  the  knobs  of  the  one  fitting  into  the 
sockets  left  between  the  knobs  of  the  other. 

This  articulation  affects  all  the  spicules  alike ;  the  ends  of  none  of 
them  are  free ;  and  thus  a  skeletal  network  results  which  is  as  re- 
Bistant  and  rigid  as  that  of  the  Vitreohexactinellids,  though  it  is 
arrived  at  in  a  totally  different  way ;  for  in  the  latter  sexradiate 
spicules  are  cemented  into  a  glassy  fibro-reticulate  structure  by  a 
coating  of  silica  which  completely  envelops  them,  while  in  the  Li- 
^^^^ids  no  such  cement  is  present,  the  junction  of  their  trifid  spi- 
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culcs,  which  arc  thus  naked,  being  effected  solely  by  the  intedoekk; 
of  their  extremities  (PL  XXVI.  fig.  3). 

In  many  instances  the  rounded  apophyses  can  be  distinctly  sea 
in  our  phosphatized  specimens,  lying  within  but  quite  distinct  fm 
the  containing  sockets,  while  in  others  the  effects  of  foseilisaim 
have  gone  so  far  as  to  obliterate  the  distinction  between  the  tvo. 
and  to  fuse  the  articulated  dusters  into  a  more  or  less  sc^id  head- 
geneous  mass. 

In  some  parts  of  the  sections  (PL  XXVI.  fig.  1  b}  simple  drrakr 
areas  occur,  unconnected  with  the  radiating  arms ;  tbeee  are  due  to  tk 
section  having  passed  through  the  shaft  of  a  spicule  at  some  distsBCt 
above  its  point  of  trifurcation.  In  others,  again,  the  arms  are  w«a 
without  a  central  circular  area  (^,  1  c),  owing  to  the  section  hxn^ 
passed  through  the  plane  of  the  arms  beyond  the  end  of  the  shsit 
and  thus  separated  the  shaft  with  the  upper  half  of  the  rays  free 
the  lower  half,  which  remains  imbedded  in  the  slice. 

In  the  spicules  of  recent  Lithistids  one  may  often  observe,  in  tk 
axis  of  the  shaft,  a  central  canal,  which,  at  the  point  of  radiation  d 
the  arms,  gives  off  three  branches,  one  for  the  axis  of  each  arm  :  nsi. 
in  a  section  of  a  fossil  sponge  which  was  sent  to  Mr.  Carter  as  taks 
from  a  Pohjpoihecia^  he  has  observed  *  not  only  all  the  details  ef 
Lithistid  structure  which  we  have  described  in  Siphoma,  but  his 
also  detected  this  very  quadriradiate  canal  as  well,  occnpyiflg  tiw 
axis  of  the  spicular  shaft  and  rays  exactly  as  in  the  recent  forns. 
In  my  specimens  of  phosphatized  SiphonicB  I  have  carefully  searched 
many  times  for  these  canals  under  a  magnify ing-power  of  from  14<>  to 
500  diameters,  but  always  without  success ;   they  have  apparenth 
disappeared  during  the  mineral  replacements  to  which  the  substance 
of  the  spicules  has  been  subjected.     Their  absence,  however,  is  of 
no  consequence  in  our  inquiry,  since  the  characters  which  remain 
are  in  every  detail  so  exactly  those  of  a  Lithistid  spicule  as  to  make 
the  production  of  further  evidence  on  this  head  unnecessary;  and  ia 
BO  considering  them  I  have  the  unreserved  support  of  Mr.  Carter. 

Besides  the  Lithistid  network  the  sections  also  exhibit  a  number 
of  simple  finely-pointed  acerate  spicules  (PL  XXVI.  fig.  5  &  5  <i)  of 
variable  size,  but  sometimes  attaining  very  respectable  dimensions, 
ranging  in  length  from  0*02  to  0*045  of  an  inch,  and  in  breadth 
from  0-0015  to  0-007  of  an  inch. 

Arrangement  of  the  Spicules, — The  spicules  of  the  skeletal  net- 
work, though  they  do  not  exhibit  a  very  regular  arrangement  ia 
detail,  are  not,  however,  scattered  without  order  through  the  sponge, 
but  present  on  a  large  scale  a  definite  and  regular  disposition. 

Longitudinal  Section  (PL  XXVI.  fig.  1).  Selecting  a  band  of  net- 
work lying  between  two  radiating  or  incurrent  canals,  one  finds  it  to 
consist  of  several  series  of  spicules,  the  filigreed  or  botryoidal  ends  of 
which  for  each  series  lie  along  lines  radiating  from  the  exterior 
towards  the  centre  of  the  sponge,  t.  e.  in  the  same  direction  as  the 
radiating  canals ;  the  smooth  arms  of  the  spicules  are  likewise  ar- 

*  Ann.  &  Mag  .Nat  .Hist.  ser.  4,  vol.  xii.  p.  340,  "  On  the  HexactinellidA  md 
Lithistidw," 
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i  in  radiating  series,  those  of  each  row  lying  approximately 
?1  with  each  other  and  concentric  with  the  centre  of  the  sponge, 
msverse  to  the  direction  of  the  radiating  canab  :  thus  we  have 
of  filigree  and  rows  of  smooth  trabeculaB  radiating  towards  the 
of  the  sponge  and  regularly  alternating  with  each  other  in  a 
1  succession.  This  results,  as  will  be  seen  in  fig.  1 ,  PI.  XXYI., 
he  fact  that  the  points  of  trifurcation  of  the  si)icules  are  con- 
aore  or  less  to  certain  radiating  lines,  and  that  two  out  of  tho 
esulting  rays,  which  diverge  in  a  plane  at  right  angles  to  tho 
Traain  short  and  divide  into  their  clustered  apophyses  at 
t'hile  the  remaining  ray  is  elongated  in  a  concentric  direction 
jrtain  distance  (the  breadth  of  the  series)  before  it  breaks  up 
igree ;  and,  to  keep  the  series  uniform,  it  often  happens  that 
Qts  of  trifurcation  of  the  spicules  are  placed  alternately  on 
3  sides  of  the  series,  so  that  one  spicule  divides  into  its  threo 
the  line  where  the  long  rays  of  the  adjacent  spicules  termi- 
id  sends  its  long  arm  to  divide  into  tubercles  on  the  same 
that  on  which  the  trifurcation  of  its  neighbours  takes  place. 
sverse  Section  (PI.  XXV.  fig.  5).  A  similar  arrangement  is  to 
about  the  radiating  canals  here,  while  in  both  the  transverse 
^tudinal  sections  the  circular  ends  of  truncated  shafts  appear 
d,  isolated  amidst  the  network,  or  attached  to  rays  which 
from  them.  These  show  that  the  series  of  spicules  exhibited 
verse  section  are  connected  by  more  or  less  vertical  shafts 
lilar  scries  above  and  below,  and,  similarly,  that  those  series 
1  longitudinal  section  are  connected  by  horizontal  shafts  with 
cries  on  each  side — in  other  words,  that  the  circles  of  the 
3e  section  represent  the  shafts  of  the  longitudinal  one,  and 
L 

til  is  it  follows  that  the  skeletal  walls  of  the  incurrent  tubes 
oscd  of  cylinders  of  a  complex  network  consisting  of  parallel 
the  interlocked  terminations  alternating  with  parallel  rows 
Qooth  rays  of  Lithistid  spicules,  the  smooth  rays  Ipng  con- 
^ith  the  axis  of  the  canals,  but  the  series  they  form  paral- 
hcm.  Thus  a  minute  observer  entering  one  of  these  canals 
Q  around  him,  as  it  were,  a  number  of  ladders,  the  "rungs'* 
ed  by  the  smooth  arms,  and  the  side  pieces  by  the  clustered 
of  the  spicules ;  and  he  could  walk  from  end  to  end  on  tho 
ier  without  crossing  from  one  to  another,  except  whero 
srs  might  merge  into  one. 

nds  of  network,  although  their  direction  is  from  the  cir- 
ca towards  the  centre  of  the  sponge,  do  not  extend  uninter- 
he  whole  way,  but  they  are  exposed  in  the  sections  for  a  short 
►nly ;  this  probably  arises  for  the  most  part  from  the  intor- 
'  the  longitudinal  canals  with  the  course  of  the  incurrent 
Lisplacing  or  absorbing  them,  and,  to  a  less  extent,  in  tie 
D  transverse  sections  from  the  fact  that  while  the  incui- 
Ls  foHow  approximately  lines  radiating  towards  the  centre 
mgc,  the  sections,  on  the  other  hand,  are  taken  simply  at 
es  to  it«  axis,  and  consequently  if  they  pass,  as  they  are 
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sore  to  do,  a  little  above  or  below  its  equator,  will  inteneet  ^ 
canals  and  their  surrounding  network  obliquely. 

The  arrangement  about  the  longitudinal  canals  differs  from  the 
preceding,  though  it  appears  partly  to  result  from  it.  Walking  up 
one  of  these  canals,  one  would  pass  alternations  of  knotted  ends,  <» 
of  bands  of  knotted  ends,  and  series  of  smooth  trabeoulse,  resembhng 
altogether  a  chain  made  of  links  of  two  alternating  patterns ;  1. 1, 
we  fi^ould  make  our  way  from  one  spicular  series  to  another. 

It  only  remains  to  repeat  that  the  arrangements  just  described 
are  subject  to  very  considerable  modifications ;  but  tiiese,  howef«r 
great  they  may  be,  leave  the  general  tendency  always  observable. 

The  simple  acerate  spicules  (p.  808)  also  present  us  with  a  more  or 
less  obvious  arrangement,  generally  lying  in  groups  parallel  with 
one  another  and  with  the  direction  of  the  adjacent  lon^tudinal  or 
radiating  canals. 

This  exhausts,  so  far  as  my  observation  goes,  the  minute  strudoie 
observable  in  the  phosphatic  specimens  from  the  Gault ;  and  it  will 
now  be  worth  while  to  determine  how  far  similar  characters  are  to 
be  detected  in  species  from  other  localities  and  in  different  ststeB  of 
fossilization. 

Specimens  from  the  ffaldon  Oreensand  near  Exeter,  S.pyrifiynms, 
Sow.  (PI.  XXV.  fig.  1),  ^'.  ctjUndrica  (PL  XXV.  fig.  4)  and  cmiea.  Court, 
S.  Fittoni,  Mich.  (PI.  XXV.  fig.  6).— These  fossils  are  not  much  ebe 
than  the  deciduous  skeletons  of  the  sponges  they  repr66ent<,  un- 
altered to  any  great  extent  by  processes  of  fossilization.  Scarcely 
any  foreign  material  has  entered  to  fill  up  the  canals  and  interstices 
of  the  interior ;  and  thus  it  happens  that  it  is  next  to  impossible  to 
prepare  transparent  sections  from  them :  the  brittle  silioeom  net- 
work breaks  away  in  the  processes  of  cutting  and  grinding  down, 
and  none  but  thick,  almost  opaque,  slices  can  be  procured.  For- 
tunately, however,  this  perfection  of  preservation  has  its  own 
advantages ;  for,  owing  to  it,  we  can  dispense  with  section-cutting 
and  prdiiminary  preparation  altogether ;  with  no  other  apparatus 
than  a  low-power  microscope,  say  of  60  diameters,  and  a  common 
Haldon  Siphonia^  we  can,  by  examining  the  latter  under  the  former 
with  reflected  light,  solve  at  once  the  characters  and  affinities  of  thi« 
long  misunderstood  genus.  That  the  solution  has  not  come  before 
is  due  to  the  ignorance  in  which  we  have  been  left  so  long  regarding 
the  nature  and  existence  of  the  Lithistina.  Almost  directly  we 
have  attained  a  knowledge  of  these  we  have  also  arrived  at  a 
solution  of  Siphonia. 

On  examining  the  natural  surface  of  the  Haldon  specimens  under  a 
power  of  60  diameters,  one  perceives  that  the  spaces  between  the  pore- 
areas  are  entirely  occupied  by  a  skeletal  network  (PI.  XXVL  fig.  4) 
possessing  the  true  Lithistid  structure.  The  quadriradiate  spicules 
interlocked  by  their  tubercular  extremities  are  plainly  visible 
throughout,  and  may  be  viewed  here  as  solid  objects  of  three 
dimensions,  and  not  merely  as  linear  figures  drawn  in  the  plane  of 
a  section ;  as  regards  outward  appearance,  many  of  these  spicules  are 
as  whole  and  perfect,  and  clean  and  vitreous,  as  those  of  a  recently 
dead  sponge. 
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"Witli  regard  to  their  arrangement,  it  will  be  observed  that  while 

previoTisly  (pp.  806-810)  we  described  the  cylinders  of  network  about 

the    radiate  canals  from  upper,  lower,  and  lateral  longitudinal 

aspeots,  ^we  are  here  viewing  them  transversely  or  end  on ;  and  thus 

no    arrangement  of  spicules  in  series  appears.    What  especially 

strikes  one  is : — first,  the  uniform  length  of  the  radiating  arms,  which 

here  lie  more  or  less  parallel  with  tiie  plane  of  the  surface,  while 

the  spicnlar  shafts  pass  inwards  at  right  angles  to  the  surface ;  and 

next  the   fact  that  the  arms  diverge  from  one  another  more  fre^ 

quently  at  angles  of  120^  than  in  the  interior  lateral  views,  so  that 

they  are  generally  equiangular. 

Sections  taken  from  these  specimens  may  be  examined  as  opaque 
ohjects.  Observations  so  made  simply  confirm  results  previously 
obtained. 

Specimens  of  8.  costata  from  the  Wiltshire  Oreensand. — Of  this 
species  I  possess  only  one  specimen  (PL  XXV.  ^g.  2) ;  and  it,  in  com- 
mon with  all  others  I  have  examined,  has  been  infiltrated  with  silica  to 
a  much  greater^extent  than  the  preceding  specimens;  and,  as  a  con* 
seqnence  of  this,  the  skeletal  network  is  much  better  supported,  sq 
that  Mr.  Outtell  has  been  successful  in  obtaining  a  tolerably  thin 
slice  from  it.  In  this  section  the  structure  has  in  many  places  been 
obliteratedjby  mineral  changes ;  but  enough  remains  distinct  to  show 
that  it  possesses  in  all  essential  respects  the  same  characters  as  the 
species  we  have  already  discussed. 

Specimens  of  8.  (Choanites)  Konigii  from  the  ChaUc  of  Sussea:. — » 
These  have  suffered  greatly  from  mineral  changes,  the  precise  nature 
of  which  will  be  described  in  a  subsequent  paragraph  (p.  817). 
Notwithstanding  this,  however,  enough  of  the  skeletal  structure 
remains  to  determine  its  real  character.  The  quadriradiate  spicules, 
of  the  same  form  and  size  as  in  the  other  species,  are  united  into  a 
similar  network ;  and  there  can  be  no  doubt  as  to  the  Lithistid 
character  of  the  sponge.  The  tubercular  extremities  are  unfor- 
tunately not  preserved  so  well ;  all  one  can  say  of  them  is  that  they 
were  at  all  events  confined  to  the  ends  of  the  spicular  rays,  and  that 
what  traces  they  have  left  behind  accord  best  with  an  origin  in 
tubercles  of  the  same  kind  as  those  of  other  Siphonice.  After  a 
careful  search  through  a  beautiful  series  of  Choanites ^  I  have  no 
hesitation  at  all  in  referring  them  to  the  genus  with  which  they  are 
here  associated. 

StrwiwreofiheStemofHaldon^i^homBb  (PI. XXVI.  ^g.  7).— The 
spicules  which  are  exposed  on  the  exterior  of  the  stem  of  the 
Haldon  specimens  differ  in  an  interesting  way  from  those  of  the 
body,  owing  probably  to  physiological  adaptation.  The  arms  of 
these  spicules  are  greatly  elongated,  and  bent  in  a  direction  parallel 
with  the  long  axis  of  the  stem,  and  therefore  with  each  other ;  or, 
at  all  events,  those  arms  which  do  not  take  this  direction  remain 
short,  whilst  the  produced  ones  always  lie  longitudinally.  Again, 
sU  the  spicular  rays,  whether  bifurcated  or  not,  appear,  as  far  as 
one  can  see  in  unprepared  specimens,  to  terminate  in  simple  pointed 
extremities  without  forming  clusters  of  botryoidal  apophyses ;  hence 
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the  elongation  of  the  spicules  seems  to  be  at  the  expense  of  &? 
material  of  their  articular  processes.     The  shafts  of  the  ^cnks  ai£ 
not  seen,  and  Biay  be  inferred  to  penetrate  the  stem  at  light  an^ 
to  its  surface.     As,  then,  the  long  rays  all  lie  in  the  same  dirertwa 
(that  is,  with  the  length  of  the  stem),  and  as  the  terminations  cl  tks 
spicules  overlap  one  another  by  passing  above   and  hdow  tiMhe 
alongside  tliem,  and  as  the  shafts  appear  to  penetrate  amon^iEt  tbe 
spicules  of  the  interior,  we  may  consider  that  the  arrangeineot  w« 
have  here  is  of  the  nature  of  a  "  plait,"  serving  to  keep  the  spicule 
in  place,  and  yet  not  binding  them  together  with  the  same  ripd 
union  which  we  find  in  the  network  of  the  sponge-body.  Prom  ihk 
results  flexibility  combined  with  security,  the  value  of  nrhich  wiU  W 
imderstood  when  we  remember  that  the  Siphontce  lived  in  a  soae- 
what   shallow   sea   (75  to   375   fathoms),   and  were    exposed  to 
currents  which  a  flexible  stalk  would  be  better  able   than  a  rigid 
one  to  sustain. 

Longitttdiml  Section  of  the  Stem. — This  does  not  expose  any  very 
clearly  defined  structure  ;  but  what  there  is  to  be  seen  agrees  com- 
pletely  with  the  foregoing  description. 

Development, — Amongst  the  specimens  from  Haldon  is  a  veiv 
small  one  (PI.  XXV.  fig.  3),  which  I  believe  to  be  a  young  form,  find 
which  agrees  in  every  particular  with  similar  ones  fignred  by 
Sowerby  as  the  young  forms  of  his  S.  piriformis  from  Blackdoim, 
near  Cidlompton.  The  body  is  somewhat  fusiform,  1  of  an  inch 
long  and  nearly  ^  of  an  inch  broad ;  it  is  supported  on  a  straight 
slender  stem,  the  proximal  end  of  which  is  broken  off.  At  the  apex 
of  the  body  is  a  small  conical  depression  produced  by  the  oscular 
openings  of  some  four  or  ^\q  excurrent  canals,  and  very  inBignifieas^ 
in  size  when  compared  with  the  rest  of  the  body. 

From  this  youngest  known  form  the  adults  arise  by  suooessiTe 
coatings  on  the  exterior,  the  coatings  on  the  body  being  thicker 
than  those  on  the  stem.  Each  coating  possesses  all  the  charactefs 
which  belong  to  Siphonia\  and  thus  we  have  produced  snocessive 
groups  of  longitudinal  canals  opening  in  a  series  of  tiers  vertically 
over  one  another  in  the  cloaca  or  central  cavity  left  in  the  axis  of 
the  body  of  the  sponge.  Thus,  also,  the  longitudinal  canals  are 
axial  in  direction  below  the  cloaca,  and  become  more  parallel  with 
the  curve  of  the  existing  exterior  surface  as  they  lie  nearer  to  it, 
the  successive  groups  of  canals  indicating,  indeed,  the  suooeasiTe 
surfaces  of  the  sponge.  Thus  also  arise  the  concentric  rings  of 
skeletal  network  seen  in  transverse  section  around  the  cloaca  ;  and 
by  the  opening  in  different  plac^  of  fresh  radial  canals  for  every 
fresh  exogenous  layer,  the  discontinuity  of  the  radial  canals  when 
traced  for  any  distance  results.  Fig.  1  h  (PI.  XXV.)  is  a  drawing  of  a 
section  taken  longitudinally  from  an  adult  S.  pyriformis^  Sow.: 
it  is  easy  to  understand  how  the  series  of  changes  just  described 
would  result  in  producing  such  a  structure  as  this  from  the  young 
form  represented  in  fig.  3. 

The  differences  presented  in  the  surface  of  many  fossil  Siphorua, 
differences  which  have  been  held  of  specific  importance  by  many 
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authors,  may  bo  explained  by  reference  to  this  kind  of  growth  ;  for 
in  cases  where  the  last  coating  had  grown  so  thick  that  a  fresh  set 
of  excurrent  canals  was  on  the  point  of  appearing  in  a  new  layer, 
hut  had  not  actually  done  so,  it  would  require  a  considerable 
amount  of  attrition  to  reveal  the  outermost  scries  of  canals ;  and  the 
chances  are  that  the  exterior  of  the  specimen  would  be  smooth,  t.  e. 
not  grooved  by  superficial  canab.  If,  on  the  other  hand,  a  new  sot 
of  longitudinal  canals  had  just  been  produced,  then  the  mere  dis- 
solution of  the  dermal  covering  of  the  sponge  would  leave  them 
exposed  as  well-marked  grooves  proceeding  from  the  rim  of  the 
)loaea  for  a  variable  distance  down  the  sides  of  the  body,  as  alretidy 
lescribed  (p.  805). 

4.  States  of  MnrERAUzAxioN. 

1.  FhospTiatic  Specimens  from  the  Gaidt, — Tho  infilling  material  of 
hese  fossUs  is  a  brown  substance  composed  of  calcic  carbonate  and 
)hosphate,  clear  and  transparent  in  thin  sections,  especially  in  those 
•arts  where  it  fills  the  intermeshes  of  the  skeleton,  since  in  the 
anals  of  the  sponge  it  is  rendered  more  or  less  opaque  by  included 
arthy  material,  consisting  partly  of  Gault  clay  and  partly  of  various 
mall  foreign  bodies,  such  as  glauconitic  granules,  minute  Eora- 
linifera,  as  well  as  contorted  fibres  of  the  same  kind  as  those 
gured  in  the  '  Geological  Magazine,'  Decade  ii.  vol.  iii.  pi.  xiv. 
gs.  8,  9,  - 10,  as  resembling  contort  spicules,  and  which  I  hope 
)  show  in  a  subsequent  paper  to  be  algoid  growths,  like  that  of 
aproUr/nia^  that  have  infested  the  sponge  subsequent  to  its  death 
nd  daring  its  decay. 

The  skeletal  network  in  these  specimens  is  generally  transparent 
ad  colourless ;  it  dissolves  with  efiervescence  in  hydrocliloric  acid, 
nd  behaves  with  a  power  of  60  diam.,  under  polarized  light,  as  pure 
ilcite,  of  which  mineral  we  may  therefore  conclude  it  is  mainly 
)ID posed.  When  examined,  however,  with  polarized  light  under  a 
igher  power,  say  140  diam.,  small  portions  of  some  of  the  spicules, 
at  not  of  all,  give  here  and  there  the  colours  of  quartz ;  and  when 
ich  spicules  are  treated  with  hydrochloric  acid  an  exceedingly  small 
isoluble  residue  of  a  transparent  mineral  remains  behind,  which, 
hen  again  examined  with  Nicol's  prisms,  turns  out  to  be  pure  quartz, 
rem  this  it  is  therefore  evident  that  in  some  spicules  a  part,  though 
very  insignificant  part,  possesses  a  siliceous  composition,  while  on 
le  other  hand  by  far  the  larger  portion  of  the  skeletal  network 
•nsists  wholly  of  calcite.  Now  the  skeleton  of  the  Lithistidae  is 
iiceons  ;  t.  e,  it  consists  of  organic  matter  and  silica  in  intimate 
mbination;  and  since  the  skeleton  of  Siphonia  is,  as  we  have 
ready  shown  on  morphological  grounds,  that  of  a  Lithistid  sponge, 
also  must  originally  have  been  made  up  of  organic  silica,  while 
J  present  calcareous  state  can  only  be  due  to  a  subsequent  mineral 
placement.  In  spite,  however,  of  the  fact  that  its  original  siliceous 
bstance  has  been  almost  altogether  exchanged  for  a  crystalline 
Icareoua  one,  and  in  some  cases  entirely  so,  it  yet  exhibits  an 
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anatomical  straoture  so  well  preeerved  that  we  can  trace  it  in  netakj 
all  its  details,  even  to  distinguishing  the  peculiar  apophyies  whidk 
terminate  the  ramifications  of  its  spicules.  So  OQmplet«lj,  indeed, 
has  the  original  form  of  the  spicule  heen  preserved,  that  the  bend- 
spherical  pittings,  which  generally  excayate  the  walls  of  these  stnie- 
tures  in  recent  sponges  after  death,  are  to  he  ohserred  in  some  ceMS 
on  the  surface  of  these  calcareous  pseudomorphs.  Thus  the  fact 
that  anatomical  structure,  and  not  mineral  compoeitioa,  slioiild 
guide  us  in  our  investigations  into  the  characters  of  foesil  ii|wngta, 
is  here  enforced  afresh,  upon  eyidence  scarcely  less  strikii:^  tkan 
that  which  presented  itself  in  the  case  of  Stauronema  Carteri^^  a 
fossil  sponge  belonging  to  the  order  HexactinellidsB.  It  will  be 
noticed  also  that  we  have  here  another  case  of  the  oonversioa  of 
colloidal  silica  into  a  crystalline  state,  so  crystalline  a&  to  gire 
colours  with  NicoFs  prisms  quite  as  brilliant  as  those  of  mineral 
quartz.  Sometimes  the  spicules  of  the  network  are  replaced  by 
iron-pyrites,  so  that,  seen  by  reflected  light,  they  glitter  like  bar- 
nishcMl  brass. 

Near  the  exterior  of  the  fossil  the  spicules  have  sometimea  wholly 
disappeared,  and  their  places  remain  unoccupied  as  hollow  casts ;  or 
more  often  these  casts  haye  become  filled  up  with  transparent 
^*  coprolite,"  which  almost  obliterates  them,  and  is  only  prevented 
from  quite  doing  so  by  the  presence  of  a  quantity  of  fine  granular 
material  along  with  it,  which  often  collects  into  lines  along  the 
sides  of  the  cast.  Occasionally,  also,  an  infiltration  of  glauoonite 
accompanies  the  ooprolitic  infilling,  so  as  to  make  it  appear  that  the 
spicule  has  been  replaced  by  that  mineral,  which,  however,  is  noi 
the  case. 

2.  SiUcMus  Specimens  from  ffaldan. — The  internal  canals  in  these 
remain  to  a  great  extent  unoccupied,  as  mere  hollow  tubes,  though 
here  and  there  they  have  become  partly^filled  in  with  crystalline  lilies : 
and  very  generally  they  contain  a  singular  thread  of  silica,  having 
very  much  the  appearance  of  a  thick  bristle  passed  in  to  show  the 
course  of  the  canals ;  it  lies  in  the  axis  of  the  canal  containing  it, 
and  quite  free  from  the  walls,  though  sometimes  it  leayes  this 
position  and  becomes  attached  to  the  side  of  the  canal.  The  sub- 
stance of  the  thread  gives  colours  with  polarixed  light ;  its  exterior 
has  a  chalcedonic  appearance ;  and  it  accommodates  itself  accurately 
to  the  course  of  its  canal.  From  its  irregular  form,  its  position, 
and  the  entire  absence  of  any  such  structure  from  the  phosphatie 
specimens  of  the  Gault,  and  in  any  known  sponge,  recent  or  foaul, 
I  should  say  decidedly  Uiat  it  is  not  a  spicule  or  any  other  stniotnie 
proper  to  the  sponge,  but  a  subsequent  formation  produced  during 
the  mineralization  of  the  particular  specimens  in  which  it  occnrs. 
Again,  the  position  of  the  threads  is  sufficient  to  show  that  they 
cannot  be  of  stalactitic  formation  ;  the  running  or  dropping  of  water 
could  never  take  place  so  as  to  form  a  thin  axial  throad  extending 
throughout  the  length  of  a  narrow,  branching,  and  tortuous  oanal. 
On  the  other  hand  the  connexion  between  the  canals  and  their 
*  Ann.  &  Mag.  Nat.  Hist.  aer.  4,  yol.  xii.  p.  1. 
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fibroB  is  too  8ignifioant  to  be  overlooked.    A  comparisozi  of  the  two 
shows  a  oorreBpondence  of  a  very  exact  kind :  wherever  the  eanal 
expands,  there  the  fibre  becomes  thicker ;  when  the  canal  branches, 
the  fibre  bifurcates  with  it,  and  both  undulate  together  in  common 
carves  :  the  two  structures  agree  together,  in  fact,  just  like  a  mould 
and  a  cast  which  has  contracted  after  its  first  formation.     The  ex- 
planation v^hioh  therefore  commends  itself  to  my  mind,  and  which 
at  least  satisfies  all  the  facts  of  the  case,  is,  that  the  silica  of  these 
threads  infiltrated  the  canals  while  in  the  coUodial  state,  and  com- 
pletely filled  them  up  with  a  siliceous  jelly;  a  subsequent  and 
gradual  loss  of  water  of  hydration  caused  this  jelly  to  become  dry 
and  simultaneously  to  shrink  till  it  attained  its  existing  solidity  and 
dimensions ;  finally,  after  a  great  lapse  of  time,  the  unstable  colloid 
passed  into  the  crystalline  condition.     The  possibility  of  the  latter 
transformation  has  been  already  proved  by  numerous  observations 
on  the  existing  crystalline  condition  of  fossil  siliceous  spicules ;  and 
any  one  who  has  experimented  with  colloidal  silica  must  have  been 
struck  with  the  wonderful  amount  of  contraction  which  this  suIh 
stance  experiences  on  desiccation,  a  contraction  quite  sufficient  to 
account  for  the  shrivelling  of  the  silica  in  the  canals  of  the  Haldon 
SiphonicB, 

Network, — The  interstices  of  the  network  are  sometimes  empty 

spaces,  and  sometimes  occupied  wholly  or  in  part  with  crystalline 

silica.     When  empty,  the  spicules  of  the  net  retain  their  siliceous 

composition,  but  do  not  exhibit  the  central  hollow  canal,  which 

frequently  puts  in  an  appearance  in  recent  specimens  of  Litbistid 

spicules ;  they  are  solid  throughout,  and,  since  they  give  colours 

with   polarized  light,  have  evidently  exchanged  their  originally 

colloidal  state  for  the  crystalline  condition.     In  a  single  instance, 

to  which  I  have  not  been  able  to  recur,  a  spicule  was  observed  in  a 

section  of  one  of  these  specimens  with  a  smooth  surface,  and  shining 

with  a  vitreous  lustre,  like  the  spicule  of  a  sponge  only  just  dead  ; 

but  in  all  other  cases  the  spicules  are  excavated  all  over  with  small 

hemispherical  pittings,  similar  to  those  which  Carter  has  described 

as  affecting  the  deciduous  spicules  of  recent  sponges ;  they  have  a 

bluish  opdiescent  appearance  and  a  foeble  resinous  or  gum-like 

bistre. 

When  the  interstices  are  filled  with  silica,  the  spicules  are  repre- 
sented by  empty  casts,  the  walls  of  which  are  coated  interiorly  with 
an  opaque  white  substance,  which  appears  black  by  transmitted 
light.  Prequently  the  cast  has  entirely  failed  to  preserve  the  original 
shape  of  the  spicule,  and  the  skeletal  network  presents  the  appear- 
ance of  a  number  of  fragments  of  moss  irregularly  scattered  through 
a  transparent  ground  of  crystalline  silica;  these  dendritic  fragments, 
however,  are,  as  we  have  already  stated,  not  solid,  as  they  appear 
to  be  by  transmitted  light,  but  merely  hollow  empty  spaces. 

The  silica  of  the  interstices  presents  a  fibrous  crystalline  arrange- 
Baent,  the  fibres  generally  radiating  from  the  spicules,  or  what 
remains  of  them,  in  little  tufts,  each  of  which  is  defined  at  no  great 
distance  from  the  centre  of  crystallization  by  a  curve  concentric 
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with  it  and  normal  to  the  direction  of  the  fibres  themselTes:  &ome- 
times  this  curve  is  made  more  apparent  by  the  presence  of  a  number 
of  accompanying  minute  granules ;  and  it  appears  to  indicate  a  liae 
of  growth.  The  fibrous  tufts,  or  hemispherical  bosses,  do  n-^, 
however,  nearly  fill  up  the  whole  of  the  interstice,  but  always 
leave  a  larger  or  smaller  space  in  the  middle,  which  is  also  filkd 
with  crystalline  silica,  giving  either  a  granular  colour-pattern  with 
polarized  light,  or  a  fibrous  one — but  usually  the  latter,  in  which  case 
these  crj^stalline  fibres  are  bolder  than  those  of  the  hemispherieal 
bosses.  Here,  when  the  fibres  from  two  adjacent  centres  of  crystal- 
lization meet  and  oppose  one  another,  they  terminate  abruptly  in  a 
sharply  defined  straight  line  of  demarcation ;  and  if  the  adjacent  and 
opposing  groups  be  more  than  two  in  number,  the  respective  lines 
of  demarcation  intersect  each  other  at  angles  of  60°,  and  hence  thej 
may  be  regarded  as  sections  of  the  sides  of  incompletely  formed 
crystals  of  quartz.  The  fact  that  we  find  solid  siliceous  spicules  in 
the  uninfiltrated  network,  and  mere  empty  spicular  casts  when  the 
interstices  are  filled  with  silica,  seems  to  me  very  significant,  and 
certainly  suggests  the  idea  that  the  spicules  have  to  some  extent 
furnished  the  silica  with  which  the  sponge  has  become  mineralised, 
and  thus,  up  to  a  certain  stage  at  least,  the  sponge  has  foesilircd 
itself. 

3.  Specimen  of  S.  costata  from  Wilts. — ^This  specimen  is  solid 
throughout,  the  canals  are  filled  with  quartz  sand,  glauconite  grains, 
and  other  foreign  bodies,  cemented  together  by  crystalline  silica. 
The  interstices  of  the  skeleton  are  filled  up  by  transparent  and  ct}*- 
talline  silica ;  and  the  spicules  have  become  absorbed,  leaving  only 
hollow  casts  in  their  place.  These  casts  are  lined  internally  by 
white  opaque  material,  and  frequently  contain  certain  curious  black 
linear  bodies  or  acerate  spicula,  wluch,  on  treatment  with  nitric 
acid,  lose  their  dark  colour,  turn  faintly  yellowish,  and  become  per- 
fectly transparent,  while  the  resulting  acid  solution  yields  a  blue 
precipitate  with  potassium  ferrocyanide :  their  composition  would 
thus  appear  to  be  mainly  siliceous,  while  their  black  coJouring- 
matter  consists  of  some  salt  of  iron.  It  is  just  possible  that  these 
spicules  may  be  the  remains  of  some  CUona-like  sponge,  which 
entered  the  Siphonia  some  time  after  it«  death,  and  specially  in- 
habited the  enlarged  axial  canals  in  the  spicules  of  its  skeleton. 

The  exterior  of  the  arms  of  the  skeletal  spicules  is  sometimes 
covered  with  a  number  of  hemispherical  bosses,  very  regular  in 
shape,  and  with  a  sharply  defined  contour.  If  these  were  int^;ral 
parts  of  the  original  spicules,  they  would  remove  S,  costata  from  its 
alliance  with  S,  pi/nfomiis  and  the  recent  species  Disaxiarmia 
polydiscus^  and  place  it  in  some  other  group  of  lithistids.  I  have 
consequently  given  great  attention  to  their  examination,  and  find, 
first,  that  they  are  inconstant :  in  some  cases  a  group  of  spicules 
does  not  exhibit  a  single  one ;  in  others  the  spicules  are  covered  with 
them,  and  occasionally  so  thickly  that  the  bosses  appear  piled  one 
on  another  in  thick  clusters.  Next,  the  walls  of  the  spicular  casts 
are  subject  to  other,  though  related,  peculiarities,  sometimes  be- 
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coming  slightly  irregular  or  sinuous  in  outline,  and  at  others  bulging 
out  all  round  into  a  large  protuberance  of  no  very  precise  form : 
these  are  certainly  subsequent  formations ;  and  since,  in  character 
and  position,  they  resemble  some  of  the  tubercular  bosses,  it  seems 
probable  that  the  latter  are  subsequent  also.    Finally,  the  bosses  are 
hollow  within,  like  the  rest  of  the  spicule,  and  the  silica  of  the 
interstices  radiates  away  from  them  in  fibrous  tufts ;  and  thus  we 
have  repeated  a  structure  and  arrangement  which  I  have  before 
d^cribed  in  a  very  different  sponge,  viz.  Stauronema,  one  of  the 
HexactinellidsB,  and  in  which  certainly  they  are  the  result  of  changes 
which  have  taken  place  during  fossilization.     The  same  holds  good 
with  the  tubercles  of  the  specimen  we  are  describing ;  they  are  not 
proper  to  the  original  spicule,  but  have  been  formed  as  products  of 
its  fossilization.     In  both  sponges,  in  Siphonia  and  Stauronema,  the 
cast  of  the  spicule  has  eaten  its  way  outwards  from  its  original 
position  into  a  number  of  hemispherical  tubercles ;  and  these  have 
served  as  centres  from  which  a  radiating  crystallization  of  silica  has 
been  set  up ;  in  Siphonia,  however,  the  spicular  oasts  have  remained 
empty,  hut  in  Stauronema  they  have  become  filled  up  with  a  crys- 
talline carbonate  of  lime. 

4.  Specimens  of  S.  Konigii  from  the  Chalk, — Theso'exist  in  a  groat 
variety  of  mineral  states ;  but  in  all  the  chief  fossilizing  agent  is 
silica.  In  examining  a  common  flint  nodule  which  has  been  split 
open  and  found  to  contain  a  Choanite,  we  observe  on  the  fractured 
surface,  most  exteriorly,  a  ring  of  opaque  milk-white  silica,  exca- 
vated by  a  perfect  network  of  empty  spaces,  on  which  apparently 
its  white  colour,  to  a  great  extent,  depends ;  succeeding  this,  next  in- 
teriorly, is  a  zone  of  dark  transparent  flint;  and  next  to  this,  occupy- 
ing the  central  area  of  the  broken  surface,  is  a  white  network,  having 
its  canals  and  interspaces  filled  with  dark  transparent  flint,  like 
that  of  the  previous  or  middle  zone.  The  central  network  is  not, 
however,  uniformly  white  and  opaque,  but  portions  of  it  are  con- 
siderably more  transparent  than  the  remainder,  the  whiter  and  less 
white  parts  difTering  in  appearance  just  as  a  piece  of  ordinary  white 
paper  differs  from  the  same  paper  when  impregnated  with  oil  or 
grease. 

The  central  network  alone  represents  the  original  Choanite,  the 
outer  and  middle  zones  having  accumulated  round  it  during  its 
silicification.  The  outer  zone,  however,  sometimes  contains  isolated 
Lithistid  spicules,  or,  rather,  the  empty  casts  of  such  spicules ;  and 
similar  casts  sometimes  project  from  the  interior  of  this  zone  into 
the  clear  flint  of  the  succeeding  middle  zone,  wherein  they  appear  as 
"White  and  solid  spicules,  the  true  nature  of  which  is  at  once  revealed, 
however,  by  examining  their  extremities  where  they  are  intersected 
hy  the  plane  of  fracture.  Indeed  I  may  here  go  so  far  as  to  state 
t^hat  whenever  one  sees  a  very  white  and.  opaque,  solid-looking 
spicule  imbedded  in  clear  transparent  flint,  one  may  at  once  expect 
to  find  it  just  the  reverse,  as  regards  solidity,  of  what  it  seems. 

The  middle  zone  contains  numerous  transparent  spicules  of  variom 
tinds  of  sponges,  various  Foraminifera,  and  other  included  bodies, 
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which  all  appear  to  have  been  derired  from  the  dialk-sOt  in  wkkk 
the  Choanite  was  originally  imbedded. 

The  central  network,  or  the  tme  Choanite,  is  of  a  mixed  natve, 
consisting  partly  of  the  skeletal  rete  of  the  sponge  and  parUj  of  a 
mineral  incrustation.  Thus  one  observes  in  it  tme,  well-de&icd 
Lithistid  spicules,  composed  of  very  dark  and  clear  transpareot 
silica,  with  a  thin  axial  thread  of  whiter  silica  occnpying  the  poo- 
tion  of  the  axial  canal,  and  a  coating  of  white  fln^-lookiii^  sOica 
surrounding  them  exteriorly  like  a  growth  of  some  kind  of  mould. 
Sometimes  this  flu£fy  material  is  so  dense  and  abundant  as  to  ex- 
clude the  darker  flint  from  the  intermeshes  of  the  network ;  and  tfat 
central  area  then  becomes  very  white  and  opaque;  sometimes  it 
loses  its  opacity,  becomes  less  dense  and  abundant,  and  fades  away 
into  a  whitish  blue  haze,  as  though  permeated  by  more  transparent 
material ;  and  this  produces  the  more  transparent  parts  of  the  c^itral 
area.  From  the  nature  of  these  changes  we  might  condnde  that 
the  whiteness  of  the  "  fluff''  is  partly  owing  to  the  presence  of  small 
empty  spaces  within  it,  and  that  it  is  rendered  more  transparent  by 
becoming  filled  with  dear  flint,  by  which  its  internal  cavities  are 
obliterated  and  the  internal  reflection  of  light  prevented.  In  addi- 
tion to  this  spicular  network  we  meet  also  with  some  isolated  hoUow 
oasts  of  quadriradiate  spicules,  white  and  opaque  in  appearance,  and 
excavated  with  hemispherical  pits  so  extensively  as  to  have  become 
almost  entirely  eaten  away.  These  casts  have  in  some  places  beat 
filled  in  with  transparent  silica  ;  and  then  they  lose  their  whitmess 
and  opacity  and  are  converted  into  nearly  invisible  granular  filn». 
In  some  specimens,  again,  the  silica  of  the  transparent  spicules  of 
the  network  has  been  replaced  by  granular  iron-pyrites. 

In  rare  instances  the  whole  specimen  of  the  Choanite,  excepting 
the  cloaca  and  canals,  which  are  filled  up  with  opaque  white  mate- 
rial, is  composed  of  colourless  and  transparent  siHca,  and  the  white 
network  is  wanting.  The  spicules  then  exist  as  mere  traces  only, 
consisting  of  scarcely  any  thing  more  than  the  axial  canal,  which 
has  undergone  a  slight  enlargement,  and  become  filled  in  with  silica, 
which  is  only  distinguished  from  that  exterior  to  it  by  the  presence 
of  a  few  dark-coloured  granules.  In  such  a  case  we  notice  in  the 
surrounding  silica  hemispherical  bosses,  with  their  rounded  surfaces 
turned  away  from  the  spicule,  and  serving  as  centres  from  which  a 
fibrous  crystallization  of  silica  radiates  towards  the  centre  of  the 
intermesh  in  which  they  occur.  This  arrangement  resembles  that 
in  Stauronema,  where,  likewise,  the  spicule  has  in  places  altogether 
disappeared,  leaving  only  its  axial  cannl,  where  also  bosses  have 
proceeded  outwards  from  the  site  of  the  vanished  spicule,  and  a 
fibrous  siliceous  crystallization  has  filled  up  the  interstices  surround- 
ing  it.  This  also  appears  to  be  the  final  stage  of  the  process  which 
led  to  the  production  of  tubercles  on  the  spicules  of  S.  eostaia  frcon 
Wiltshire. 

Finally,  in  some  Choanites  the  skeletal  network,  having  its  fibres 
simply  incrusted  with  silica,  forms  the  nucleus  of  an  otherwise 
hollow  shell  consisting  of  the  outer  and  so  much  as  is  present  of  the 
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middle  sone  of  flint  which  we  described  preyiously  (p.  817).    This 
appears  to  be  a  late  stage  of  silioification  in  arrested  development. 

I  have  described  the  foregoing  mineral  changes  in  some  detail  and 
with  great  exactness^  because  I  believe  that  the  obscurity  which 
prevails  on  nearly  the  whole  subject  of  the  mineralization  of  organic 
remains  is,  in  great  part,  owing  to  our  ignorance  of  the  precise 
mineral  replacements  which  have  taken  place,  and  consequently 
will  not  be  dispelled  till  we  have  made  ourselves  masters  of  these. 
It  is  not  part  of  my  purpose  now  to  theorize  on  the  facts  I  have 
brought  forward ;  that|would  require  a  paper  to  itself ;  and  I  shall 
content  myself,  therefore,  with  briefly  summarizing  in  the  following 
Table  the  various  mineral  changes  which  I  consider  I  have  demon- 
strated to  have  affected  siliceous  sponge-spicules  in  the  course  of 
their  fossilization : — 

Mineral  cTianges  of  Sponge-spicules  which  were  originally  composed  of 
Colloidal  Silica  in  combination  with  Organic  Matter, 

1.  Transformed  into  the  crystalline  state,  with  corresponding 
elevation  of  refractive  index.     Ex.  Stauronema^  Siphonia,  &c. 

2.  Keplaced  by 

a.  Calcic  carbonate  (calcite).     Ex.  Pharetrospongia^  Siphonia^ 

Siauronema, 
h.  Ferric  sulphide  (iron-pyrites).  Ex.  Siphonia,  certain  spicules 

in  Cambridge  "  coproUtes." 

c.  Glauconite.    Ex.  Ventriculites  and  Siphonia^  but  merely  as 
an  accompaniment  of  a  coprolitic  replacement. 

d.  Phosphate  and  carbonate  of  Ume  (coprolite). 

3.  Dissolved,  leaving  empty  casts.  Ex.  Ventriculites,  Siphonia^ 
SubrochuSy  &c. 

6.  Classipicatiok. 

The  agreement  in  general  and  minute  structure  between  the 
various  species  we  have  now  described  is  so  complete,  that  no 
one  can  doubt  their  generic  identity.  The  genus  to  which  they 
belong  we  have  shown  to  possess  a  skeletal  structure  agreeing  in 
all  essential  particulars  with  that  of  the  Lithistidae  (0.  Schmidt), 
or  the  Lithistina  of  Carter's  Fachastrellidae ;  and  with  this  family 
group  our  Siphonia  must  consequently  be  associated. 

We  now  proceed  to  a  closer  determination  of  the  affinities  of  this 
genus.  Amongst  the  various  known  Lithistids  is  one,  Discodermia 
poly  discus,  Bocage*,  which  is  distinguished  from  the  rest  by  the 
fact  that  the  arms  of  its  chief  spicules  remain  short  and  round, 
"Whether  bifurcated  or  not,  till  they  break  up  into  their  terminal 
bunch  of  rounded  apophyses,  just  as  we  described  in  the. case  of 
Siphonia.  The  two  genera  Siphonia  and  Discodermia  thus  show 
the  same  distinctive  kind  of  spicule  ;  and  they  so  closely  resemble 
one  another  in  their  other  characteristics  that  a  description  of  the 

*  Journ.  des  8ci.  Math.  Phyi.  et  Nat.  Lisbonne,  No.  iv.  pi.  li.  f.  1,  1869. 
■Tbis  would  belong  to  O.  Schmidt't  genus  CoraUisffs,  but  differs  from  his  C. 
P^ydiaeus;  Bowertiank  erroneouslT  includes  it  wiUi  Dactylocafyx  at  D.poty- 
^»cu»,  Bk.  (Proc  Zool.  Soc.  Jan.  28, 1  '^^^ 
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one  would  apply  very  well  to  the  other.  Groat  interest  attaches, 
therefore,  to  Discodermia  as  to  the  solo  survivor  of  a  once  domi- 
nant race ;  and  this  seems  sufficient  to  justify  us  in  giving  a  short 
account  of  it.  The  figures  8  &  8a  on  PI.  XXVI.,  which  have  been 
kindly  furnished  to  me  by  Mr.  Carter,  illustrate  the  inner  and  outer 
aspect  of  the  single  specimen  of  D,  polydiscus  preserved  in  the  British 
Museum.  It  came  from  the  island  of  St.  Vincent.  ^' All  the  LttkU- 
Una*'  Mr.  Carter*  remarks,  "are  short,  sessile,  or  stipitate  sponges 
which  grow  on  rocks  or  attached  to  stones  ;  "  and  this  specimen  is 
"  in  general  form  shallow,  cup-like,  with  an  equally  short,  stout 
stipitate  base.  It  is  an  inch  in  diameter  and  three  quarters  of  an 
inch  high."  Thus  its  outward  form  is  generally  similar  to  that  of 
some  specimens  of  Sijphonia ;  and  we  must  also  observe  that  its 
oscules  are  situate  on  the  inside  of  the  cup,  just  as  they  are  in  the 
interior  of  the  cloaca  of  the  fossil  genus.  As  regards  tiie  arrange- 
ment of  the  canals  in  the  recent  specimen,  we  are  without  published 
descriptions;  but  Mr.  Carter  informs  me  that  both  they  and  the 
skeletal  network  are  arranged  in  most  lithistids  in  very  much  the 
same  fashion ;  we  may  therefore  supply  this  gap  by  an  account 
of  what  has  been  seen  by  Schmidt  in  a  closely  a^ied  genus  and 
species,  viz.  Corallistes  clavattUa,  Schmidt f.  This  sponge  is  also 
stipitate ;  it  is  supported  on  a  somewhat  slender,  not  very  short, 
pedicel,  which  enlarges  above  into  an  expanded  head,  on  the  flat 
superior  surface  of  which  the  oscules  are  situated.  Two  sets  of 
canals  are  observed,  the  longitudinal  or  excurrent  and  the  radiating 
or  incurrent  ones,  the  latter  reminding  Schmidt  of  the  canals  and 
furrows  of  Cnemidium^  n  fossil  genus  which  appears  to  me  to  be 
allied  to  Sijphonia,  Between  the  canals  the  spicules  are  arranged 
with  the  "  coarser,  smoothest,  and  short  arms  lying  concentrically," 
and  with  their  filigreed  terminations  lying  in  continuous  bands 
parallel  with  the  radiate  canals,  the  whole  forming  just  such  a 
ladder-like  arrangement  as  we  have  already  found  in  Sipkonux 
(PI.  XXVI.  ^g.  1). 

This  arrangement  also,  Mr.  Carter  informs  me,  is  common  to 
most  Lithistids ;  and  consequently  our  Siphonia  resembles  its  exist- 
ing allies  not  only  in  general  form,  but  in  the  disposition  of  its 
canals  and  principal  spicules  as  well. 

To  return  to  D,  polt/discus.  **  Its  structure  internally  consbts  of 
the  filigreed  spicules  common  to  the  Lithistid®  (but  of  a  pecuhar 
form,  which  will  be  mentioned  directly),  faced  by  a  dermal  layer  of 
thin,  smooth,  subcircular  disks,  with  more  or  less  curvilinear  or 
toothed  margin,  furnished  respectively  with  a  short,  round,  pointed 
shaft,  which  projects  internally,  and  imbedded  in  a  dermal  saicode 
densely  charged  with  a  minute,  curved,  acerate,  microspined  flesh- 
spicule.  The  peculiarity  of  the  staple  spicule  of  the  interior  is  that 
it  presents  four  sjncoth  round  arms,  which,  radiating  irregtilarly  from 
a  central  point,  soon  divide  into  two  branches  respectively  that  /^r«ii- 

*  Ann.  &  Mng.  Nat.  Hist.  ser.  4,  vol.  iviii.  pp.  460,  402. 
t  Gpundziigo  der  Spongienfauna  dea  atlantier^hen  Gebietes,  p.   23,  Taf.  iii. 
flgs.7,7«&*. 
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nate  hotryotdaUy,  or  in  the  form  of  a  bunch  of  grapes,  which  unites  or 
interlocks  urith  that  of  the  neighbouring  branchy  and  thus  the  internal 
stmcture  is  formed,  except  at  the  surface,  where  the  branches  imme- 
diately under  the  dermal  layer  of  disks  &c.  terminate  respectively  in 
flat  filigreed  or  dendriform  expansions,  which  do  not  intermingle 
with  those  of  opposite  branches." 

Owing  to  the  kindness  of  Mr.  Carter,  who  has  given  me  fragments 
of  2>.  poly  discus,  I  am  able  to   represent  the  "  staple  spicules " 
(PL  XXVI.  fig,  2)  of  the  preceding  paragraph  side  by  side  with  those 
of  Siphoniay  so  that  any  one  who  so  wishes  may  judge  of  their  re- 
semblance for  himself.     In  the  same  Plate  (figs.  9  &  9  a)  will  be  ob- 
served some  of  the  "  disciform  spicules  "  from  the  dermal  skeleton  of 
Discodermia^  specimens  of  which,  judging  from  all  analogy,  we  ought 
to  find  in  connexion  with  Siphonia,  more  especially  as  Mr.  Garter 
has  found  such  spicxdes  entangled  in  the  interior  of  rolled,  dead 
fragments   of  Discodermia  dredged  up  on  board  the   ^  Porcupine ' 
near  Cape  St.  Vincent  (/.  c,  p.  463).     No  endeavour  on  my  part, 
however,  to  discover  these,  either  on  the  surface  or  in  the  interior  of 
'my  specimens  of  Siphonia,  has  met  with  success,  which  may  arise  from 
the  extreme  thinness  and  thus  perishable  nature  of  the  disk.     The 
nearest  approach  is  the  form  represented  on  PI.  XXVI.  ^g,  11,  a  single 
specimen  of  which  was  found  imbedded  among  the  staple  spicules  just 
on  the  edge  of  one  of  the  excurrent  canals  of  >S.  costata.    This  form, 
however,  more  nearly  resembles  the  dermal  spicules  of  other  lithis- 
tids,  ex.  gr.  C  clavatella  (0.  8.),  and  is  most  likely  a  stray  waif 
washed  in.     Still  it  is  quite  possible  that  spicules  vrith  entire  (PI. 
XXVI.  fig.  10)  and  with  divided  (PI.  XXVI.  fig.  11)  margins  may 
exist  together  in  the  dermal  membrane  of  the  same  sponge ;  and  I 
beheve  that  an  instance  of  this  has  already  been  found. 
^  True  disciform  spicules  (PL  XXVI.  ^g.  10),  both  with  simple  and 
Binuated  borders  like  those  of  2>.  polydiscus,  have  been  met  with  by 
Mr.  Carter*  abundantly  scattered  loose  in  the  spioule-bed  of  the 
Haldon  Greensand,  and  have  been  named  by  him  Dactylocalycites 
Vicaryi ;  and  I  have  myself  obtained  them  in  great  numbers  asso- 
ciated vrith  pieces  of  lithistid  network  of  the  Discodermia  type  from 
the  Upper  Chalk  of  TrimmiDgham,  in  Norfolk. 

The  coating  of  disciform  spicules  forming  the  dermal  skeleton  of 
Discodermia  is  readily  separable  from  the  internal  network  which  it 
covers  and  conceals ;  the  connexion  between  the  two  is,  indeed,  of  the 
very  slightest  kind ;  and  hence,  if  Siphonia  ever  possessed  a  similar 
coating  of  disk-like  spicules,  it  would  in  all  probability  lose  it  after 
death  and  during  decay ;  and  the  disk- like  spicules  separating  from 
the  sponge  and  ftom  each  other  would  be  buried  in  the  surrounding 
silt  or  sand,  to  be  discovered  subsequently  as  isolated  spicules  like 
those  which  have  occurred  to  Mr.  Carter  in  the  Haldon  beds  and  to 
myself  in  the  Chalk. 

Here  I  must  quote  the  last  paragraph  in  Mr.  Carter's  description 
cf  Discodermia  polydiscus  (Annals,  t  c.  p.  464) ;  for  it  is  evident  tha 

♦  Ann.  k  Mag.  Nat.  Hist.  ser.  4,  vol.  yii.  p.  123,  pi.  vii.  figB.  1,  2,  i  6. 
Q.J.G.S.  No.  132.  3h 
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another  Bpeoies  has  come  to  light  from  the  Philippme  Islaiids, ' 
like  in  shape,  similar  to  Siphonia  expansa  mentioned  at  p.  dOS, 
Mr.  Carter  says : — 

*^  Schmidt^s  Corallistes  poly  discus  (Atlant.  Spongienf.  p.  24,  Ts£.  n. 
figs.  8  &  9)  appears  to  me,  Irom  the  form  of  its  surface-spicoleft,  to 
he  a  different  species,  according  in  this  respect  with  a  laiige  TMe- 
Hke  specimen  from  the  Philippine  Islands  that  I  hmre  lately  beea 
examining,  in  which,  however,  there  is,  in  addition  to  the  aeente 
flesh-spicule,  a  small  solid  one  of  an  elliptical  form  like  that  cfaaiae- 
terizing  Pachastrtlla  ahyssi^  while  the  acerate  fiesh-epioile  in  all  ii 
almost  identical  with  that  of  Macandrewia  azoriea,*' 

Now,  as  further  on  (p.  464),  the  latter  is  considered  equal  t» 
Corallistes  clavatella^  Sdt,  the  dose  alliance  of  this  lithistid  to 
Discodermia^  which  I  have  hefore  noticed,  is  thus  corroborated; 
and,  as  this  would  give  a  discoid  spicule  with  more  indented,  tooA- 
like  margin,  then  the  finding  of  the  one  in  ^S^.  costata  just  menttoDed 
might  he  accounted  for. 

The  previous  existence  of  a  dermal  skeleton  of  some  kind  abooi 
the  exterior  of  Siphonia  appears  prohahle  also  from  the  exposure  of 
the  outermost  excurrent  canals  as  grooves  radiating  from  the  dottcal 
tuhe  of  many  Haldon  specimens ;  these  grooves  must  once  hare  been 
covered  in  by  a  membrane  of  some  sort  in  order  to  form  completed 
tubes. 

Two  other  forms  of  spicules  also  occur  in  Discodermia : — one  the 
flesh- spicule  already  alluded  to,  so  minute  that  it  has  little  or  no 
chance  of  surviving  the  changes  of  fossilization,  and,  indeed,  is  foond 
to  have  already  disappeared  in  recent  deciduous  spcdmena  of  Disc^ 
dermia  before  fossilization  has  set  in  ;  this  consequently  we  do  not 
and  cannot  expect  to  find  in  SipTionia  ;  the  other,  not  mentioned  by 
any  preceding  writer,  is  a  long,  straight,  or  curved  acerate  spicnlc*, 
0-072  long  and  0-002  diam.  (PI.  XXVI.  ^.  6  &  6  a),  and  tolerably 
abundant  in  my  pieces  of  Discodermiay  and  a  characteristic  spicule 
of  our  Sii^honia  (p.  808,  PI.  XXVI.  figs.  5  &  5a). 

From  the  preceding  comparison  it  will  be  seen  that  the  vezy 
closest  resemblance  exists  between  the  recent  Discodermia  and  the 
fossil  Siphonia,  Not  only  in  fundamental  structure,  but  also  in 
general  form,  and  in  the  arrangement  of  the  canals  and  elemento  of 
€he  skeleton,  the  two  are,  in  a  broad  sense,  the  same.  Thus  the  two 
puzzles  of  the  Cretaceous  sponges  are  now  cleared  up,  the  Ventri- 
culites survive  in  Mylixisia  Orayif^  and  the  SiphonicBva.  Discodermia 
polydiscus. 

*  This  spicule,  Mr.  Garter  tells  me,  is  equally  eommon  in  the  Tlritiih  Ttf  ■wiiii 
speciinen  and  in  tiiat  from  the  Philippine  Idands,  also  in  the  Lithistidb 
Tkeonella  Swinhoei  and  Azorica  Ffeifferm ;  it  runt  throughout  the  whole  groim 
of  the  Lithistina,  and  may,  as  Mr.  Carter  proposes,  be  conTenientlx  termed 
iha  '*  beam  spicule."  Booase  figures  from  2).  fotydiacus  another  large  form  of 
spicule  (/.  c,  pi.  xi.  figs.  1 «?  &  1  f ),  which,  however,  differs  from  the  beam  spicule 
in  being  entirely  superficial  in  position,  and  in  having  one  end  rounded  oC 
Owing  to  its  superficial  position  it  would  almost  certainly  be  detached  fivm 
the  sponge  before  fossilization;  and  hence  we  cannot  hope  to  find  its  repreaetita- 
tire  in  Siphonia. 

t  Ann.  k.  Mag.  Nat  Hist.  ser.  4,  toI.  xii.  p.  121,  pi.  ix.  figt.  8-17. 
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The  distribution  of  tho  Lithistid  sponges  is  of  interest  as  resem- 
bling: and  throwing  light  on  that  of  the  St'phoni(e :  bathymetrieally 
they  range  from  75  to  374  fathoms  (Carter),  or  152  to  270  {Schmidt); 
geo^aphicallj  they  are  found  in  the  Atlantic,  about  the  West  Indies, 
Madeira,  the  Azores,  and  the  coast  of  Portugal.  The  Siphonice  simi- 
larly occur  most  abundantly  in  Greensand-beds,  which  were  laid 
down  not  very  far  from  the  shore- line  of  the  Cretaceous  sea,  and  at 
not  excessive  depths  from  its  surface.  Here  then  is  another  link 
"between  the  modern  and  the  Cretaceous  Atlantic.  The  specimen  of 
S.  piriformis  described  by  Goldfuss,  from  the  Jurassic,  I  must  leave 
to  Sir  Wyville  Thomson  and  his  supporters. 

aafls  8P0NGIDA. 
Order  HOLORHAPHIDOTA. 
Family  PACHASTRELLID^ 

Group  LlTHISTIlTA. 

Genus  Siphoioa. 

Synonyms:  Cai^icdtdes,  Guettard;  Hallirhoa  et  in  parte  Jerea, 
Lamx. ;  Foli/jpothecia,  pars,  Benett ;  Ohoanites,  Mantell. 

Sponge.  Consists  of  a  head  or  body  of  variable  shape  supported  on 
a  longer  or  shorter  stem,  by  which  it  is  attached  to  some  foreign 
body,  or  without  a  stem  and  anchored  by  a  number  of  diverging 
rooting  fibres  which  penetrate  the  silt  in  which  it  is  imbedded. 

Canah  of  two  kinds,  excurrent  and  incurrent,  the  former  longi- 
tudinal, opening  distaUy  in  oscules  situated  on  the  walls  of  a  central 
cloaca,  or  upon  a  plane  surface  at  the  summit ;  the  latter  radiating, 
opening  externally  in  pore-areas,  and  internally  into  the  excurrent 
canals. 

Skeleton  siliceous;  spicules  (1)  staple,  quadriradiate  with  four 
diverging  arms,  all  of  which  are  smooth  and  round,  bifurcating  near 
their  extremities,  and  terminating  in  a  number  of  rounded  apophyses 
with  intervening  concavities.  Combined  into  a  rigid  network  by  the 
interiocking  of  their  apophysial  endings,  and  arranged  in  bands 
parallel  to  and  chiefly  about  the  radiating  canals,  the  smooth  arms 
lying  concentrically,  and  their  terminations  forming  a  series,  of 
radiating  bands  of  filigree.  (2)  Smooth  acerate  spicules,  lying 
parallel  with  the  series  of  staple  spicules.  (3)  Flesh-spicules  (?), 
(4)  Dermal  spicules  (?),  not  found  attached  to  the  sponge,  but 
ooonr  in  association  in  the  Haldon  Greensand. 

Fo^'mation,  Cretaceous  and  Jurassic. 

Locality,  England — Haldon,  Blackdown,  Wilts,  Isle  of  Wight, 
Sussex,  Yorkshire  (?) ;  Germany — Coesfeld,  Quedlinburg,  Borzen, 
Kutschlin;  France— Cognac,  Tours,  Honfleur,  Bouen,  Havre,  St. 
Aignan,  Saumur ;  Kuasia — Bouchevoe  (near  Moscow). 

Species.  S,  pyriformis,  costata,  Webtsteri,  Konigii,  and  arbuscula. 

3h2 
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EtPLAXATION  OF  THE  PLATEa 
FuLTrnXXT. 

Bf.  L  S^p««i3Mm  of  &  ^jr^/l -Tww,  Sow^  r.  fiL  /e?i«»,  ITOiij.,  t.  &  otmiea, 
C.^oru  fi>am  ib«  Haldoo  Greeonxid,  Imteral  view.  1  a.  Its  »pex, 
iM«  &v^m  »boT«v  showing  the  opemng  of  its  doacal  tube,  and  its 
cxpcvvd  e^t^irrent  rmnaU  1  6.  A  longitudiiial  seotiofi  of  the  same 
■fM^traeflu  shv>viiig  \^a  •  its  dosenl  tube,  (e)  excunent  caoAla^  aad  («) 
i£\-urrra;  rmnaU      t  All  natural  aiae.) 

Kf .  3.  Spkvirritn  of  5.  <vsrjtta^  Ijuht  ,  ^m  the  Wiltshire  GreenBand.  2  a.  LoBgi« 
tudinal  wctKkQ  of  the  same  ^wcdmen.     (Nat.  sixe.) 

fVg.  9L  A  Jvxmg  iorm  of  &  pyixfbrmis.  Sow.  3  a.  ItB  apcal  end  seec  from 
aK>'e.       Nat.  aise.t 

Rg.  -k  S|i<ci.;«n  of  Cjl  /jr^-^'t^i'WM,  Sow.,  Tar.,  5.  eylmdrica.  Court ;  lateral 
Tiev.  4«.  Its  summit  as  seen  firom  aboTe,  showing  cloao«l  apertan 
aad  exposed  exirurrmt  eanals^     (^Nat.  sue.) 

f^.  5.  Pare  of  a  band  «^  skeletal  network  of  S.  Websteri^  £bw.,  from  the  loogi- 
tucioal  aectKHi  fif.  7  «.     (  X60.) 

Rg.  6l  8pecuu«A  of  &  ^yiVar«Ms»  Tar.  Fit^mi,  Ifidi.,  lateral  Tiew.  QSmL 
aue-> 

Kg.  7.  Spemiien  of  S.  Weheieri^  Sow.,  from  the  Gault  of  Folkestone.  Lateral 
view.  7  «.  Its  loogitudinal  section.  7  6.  A  transrerse  sectioin  of  tha 
same  species^  but  f^v>m  another  specimen.     (Nat.  size.) 

Fig.  &.  %>e«uneB  of  ^  jpyr\*ursiis^  Sow.,  with  divided  summiL     (Nai.  aiieL) 

Plats  XXVL 

Fig.  L  Put  of  a  band  of  skeletal  network  lying  between  two  of  the  exean«nt 
eanaU  of  the  specimen  of  S.  Wehsfcri^  shown  in  pL  i.  fig.  7,  as  seen  in 
its  transverse  section,  fig.  7  6.  a.  Section  of  the  shaft  of  one  of  ita 
cotipon«it  quacriradiate  spicules.  6.  Sections  of  shaiia.  c.  Three 
amis  of  a  quadrtradiate  spicule,  separated  from  the  shaft  by  the  plane 
ofthesecuon.     (x60,) 

F^  2.  S^gle  skeleton-^cule  from  the  recent  lithistid  sponge  Ducodermia 
pot^Viiiscms.  Bocage.     (  X  60.) 

Pig.  9l  Tnion  of  the  two  spicuUr  rays  by  the  interlocking  of  their  tubereolar 
extreraitiee,  taken  from  the  skeleton  of  D.  pofydifcus,     (x60.) 

Pig.  4.  A  small  part  of  the  skeletal  netwcrk  of  &  pjpiformUy  Sow.,  as  exhibited 
on  its  surface  by  reflected  li^U     (  X 60.) 

Figs.  5  and  5  a.    '"  Beam  **  spicules  from  Siphonia  Websferi,  Sow.     (  x60.) 

Figs.  6  and  6  a.  **  Beam  **  spicules  from  the  recent  Diaoodermia  poiydiaatM, 
Bocace.     (x60.) 

Fig.  7.  SkeletJd  network  of  the  stem  of  the  Sipkamui,  as  exposed  on  the  sor&oe 
of  the  specim«i  shown  in  PL  XXY.  fig.  3.     ( XbO.) 

Pig.  8.  Specimen  of  the  recent  lithistid  sponge  IHscodermia  pofydiseus,  Bocace, 
preeerred  in  the  British  Museum,    o.  The  oscules  opening  into  um 
mterior  of  the  cup ;  internal  view.    8  a.  External  aspect  of  the  same 
specimen.     (Nat.  sixe.) 
[Figs.  8  and  8  a  are  from  sketches  furnished  me  by  Mr.  Garter.] 

Pig.  9.  One  of  the  **  dermal  *'  spicules  of  the  preoedine ,  seen  in  place,  exhi* 
In  ting  the  characteristic  central  triradiate  canM.  9  a.  Profile  Tiew  of 
the  preceding.     (X60.) 

Pig.  10.  Dermal  spiciue  fix>m  the  spicule-bed  of  the  Haldon  Greensand.  (X  75.) 
(After  Carter,  **  Fossil  Sponffe-spiculee  of  the  Greensand  comnared 
with  those  of  existing  Species,  Ann.  &  Mag.  Nat  Hist  scr.  4,  toL  Tii. 
pL  Tii.  fig.  6). 

Pig.  11.  thermal  spicule  from  the  network  of  Sipkoma  eosiata,  LanuL    (  x60.) 

BiscTTSSioir. 

Mr.  Chableswobth  remarked  that,  if  the  consolidation  of  genera 
proposed  by  Mr.  SoUas  were  satiafactorily  established,  it  must  be  re- 
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yarded,  as  a  great  boon  to  palsBontologists ;  but  at  tbe  same  time  he 
tHougbt  there  was  some  difficulty  in  ascertainiu^  the  structure,  and 
in  recognizing  Siphonice  by  their  structural  characters.  He  inquired 
of  tlie  author  what  he  regarded  as  the  distinguishing  characters  of 
the  ^enus  Siphonia,  He  referred  to  the  sponges  of  the  chalk  of 
Yorksiiire,  which  he  found  to  be  siliceous  by  treating  them  with 
acid. 

Mjt.  Hulks  inquired  of  the  author  what  was  the  nature  of  the 
txiradiate  cavity  seen  in  the  spicules  with  botryoidal  branches. 

Prof.  JuDD  referred  to  the  discovery  of  Eadiolarians  in  Carboni- 
ferous rocks  near  Chester,  and  stated  that,  on  dissolving  portions  of 
the  rock  which  clearly  show  the  Radiolarian  structure,  the  latter 
entirely  disappears,  but  at  the  same  time  the  rock  itself  furnishes 
Email  crystals  of  quartz.  This  seemed  to  be  confirmatory  of  Mr. 
8ollas's  statements. 

Prof.  Tbnnant  stated  that  the  late  Dr.  Bowerbank's  collection  of 
fossil  Sponges,  including  many  microscopical  sections,  b  now  in  the 
British  Museum,  and  that  a  fine  series  of  Greensand  fossils,  con- 
taining many  Sponges,  collected  by  the  late  Mr.  Bensted,  is  in  the 
Museum  at  Maidstone. 

The  President  asked  the  author  whether  he  knew  of  any  other 
cases  of  replacement  of  silica  by  calcareous  matter.  He  suggested 
that  the  supposed  Badiolaria  of  the  Carboniferous  rocks  of  Cheshire 
might  possibly  belong  to  somewhat  Radiolarian  types  in  which  the 
solid  parts  were  calcareous  instead  of  siliceous.  Bo  far  as  he  knew, 
there  were  no  instances  of  the  replacement  of  silica  by  carbonate 
of  lime  in  the  Badiolaria  of  the  Barbadoes  earth. 

The  AuTHOB,  in  reply,  said  that  the  Yorkshire  sponges  mentioned 
by  Mr.  Charlesworth  are  often  siliceous  externally  and  calcareous 
within.  The  invention  of  their  treatment  with  acid  was  rather  an 
unfortimate  one,  as  this  treatment  often  removes  delicate  surface 
spicules,  and  thus  modifies  the  external  characters.  The  form  of 
spicules  which  he  had  described  as  possessing  three  botryoidal  arms 
were  peculiar  to  the  recent  sponge  Ducodermia  and  to  Siphonia,  and 
would  sufSce  to  distinguish  the  genus.  The  triradiate  cavity  shown 
in  the  head  of  these  spicules  represents  a  triradiate  canal.  He 
stated  that  he  had  seen  Eadiolarian  forms  from  the  Carboniferous 
deposits  of  Scotland  among  the  spicules  which  had  been  detected  by 
Prof.  Young.  In  Stromatopora,  which  he  held  to  have  been  origin- 
ally siliceous,  the  silica  was  converted  into  carbonate  of  lime,  and 
similar  crystals  of  silica  to  those  already  referred  to  were  found  here. 
The  silica  of  the  organism  and  that  of  quartz  were  in  very  different 
conditions  as  regards  solubility;  and  the  former  contains  organic 
matter.  He  thought  that  when  remains  were  found  presenting 
precisely  the  characters  of  living  organisms  we  were  bound  palseon- 
tologically  to  regard  them  as  of  the  same  nature  ;  and  after  refer- 
ring to  various  instances  cited,  he  said  he  thought  the  case  of  the 
substitution  of  siliceous  by  calcareous  matter  might  be  regarded  as 
folly  established. 


Digitized  by  VjOOQIC 


836  J.  W.  DAWSON  ON  ▲  8PBCIME5  OF  DIFLOXTIXUT 


44.  NoTB  on  a  Spicncnr  of  Diploxtloh  from  the  CoAL*FOBXATnar 
of  Nova  Scotia.  By  J.  W.  Dawsok,  LL.D.,  FJLS^  F.GJ5. 
(Read  February  21, 1877.) 

In  a  recent  yisit  to  the  South  Joggins,  with  the  view  of  fur&tf 
studying  the  fossils  of  that  district,  and  more  especially  of  aeardhiQg 
for  reptilian  remains  in  any  erect  stumps  of  SigiUaria  that  mi^ 
have  been  exposed  by  the  action  of  the  waves,  I  was  sealoosly  aUkd 
by  my  friend  Mr.  Albert  J.  Hill,  Manager  of  the  Cumberland  lOne*, 
who,  after  my  departure,  determined  to  take  down  some  erect  trses 
occurring  in  beds  lower  in  the  section  than  those  containing  the 
reptilian  remains.  In  pursuing  this  investigation  he  discovered  aa 
erect  tree  twelve  feet  in  height,  having  the  whole  of  its  woody  axis 
perfectly  preserved,  in  siiu^  and  showing  structure.  As  this  appears 
to  me  to  be  important  with  reference  to  questions  now  in  diaeos- 
sion,  I  beg  to  present  to  the  Society  Mr.  Hill's  description  of  the 
specimeD  and  some  remarks  on  its  structure  and  affinities. 

Mr.  Hill  thus  describes  the  mode  of  occurrence  of  the  specimen : — 
*'  The  tree  in  question  stood  partially  exposed  near  the  top  of  a  per- 
pendicular cliff,  one  hundred  and  twelve  feet  above  the  beach  (fig.  1 ). 
The  means  of  reaching  and  successfully  extracting  it  from  the  massive 
sandstone  stratum  in  which  it  was  still  half  imbedded,  was  a  pro- 
blem of  no  easy  solution.  The  difficulty,  however,  was  overcome  by 
an  adventurous  workman,  who  undertook,  by  means  of  a  ladder  at^ 
tached  by  a  rope  to  a  small  tree  upon  the  surfEuse,  to  descend  to  a 
sloping  ledge  formed  by  the  jutting-out  of  a  coal-seam  and  super- 
incumbent d^ris,  and  to  form  there  a  '  standage '  from  which  sub- 
sequent operations  could  be  carried  on.  Having  successfully  estab- 
lished himself  in  his  eyiy,  the  tree,  which,  ft>om  exposure  to  the 
weather  and  the  action  of  the  frost,  readily  divided  itself  into  see- 
tions,  was  sent  up  piece  by  piece  in  safety  to  the  surfieu^e. 

*^  On  removing  the  day  which  covered  the  upper  extremity  of  the 
stump,  I  was  struck  with  the  unusual  appearance  of  a  weU-^reeerved 
stem  or  axis  in  the  sandstone  cast,  and  which  exhibited  structure  in 
a  remarkably  distinct  manner,  though  here  from  exposure  it  had  be- 
come somewhat  friable.  Further  down,  however,  it  was  perfectly 
calcified  and  showed  its  structure  disthictly,  except  in  the  centre, 
which  was  occupied  with  a  core  of  perfectiy  cylindrical  form  nnd 
consisting  of  grey  sandstone.  The  outer  surface  of  the  axis  is  lon- 
gitudinally striate,  without  joints,  and  occupies  a  position  near  the 
side  of  the  cast,  frx>m  which  it  is  separated  throughout  by  rather  mtoe 
than  its  own  diameter,  or  about  three  inches. 


*  We  were  bo  fortunate  as  to  find  an  erect  SigiUaria  containing  the  l  ____ 
of  no  less  than  thirteen  small  batraohians,  belonging  to  six  species,  two  of  Ciiem 
new.  So  soon  as  these  can  -be  worked  out  from  the  matnz,  I  hope  to  bring 
them  under  the  notice  of  this  Society. 
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6.  Superficial  Drilt 


J  originate  in  a  six-inch  coaly  seam,  thirty- 

that  worked  in  the  Cumberland  Mine  in  coal- 

ns  section,  or  division  4,  section  xi.  of  Sir 

,  and  separated  by  an  nnderclay  of  3  feet 

derlying  seam  of  coarse  coal  in  group  30.   The 

)n  of  the  tree  exhibited  spreading  roots,  which 

'■'iable  condition  and  not  well  preserved,  but 

'usido  the  coaly  bark,  a  fine  transverse 

the  naked  eye.     The  surface-markings 

id;  but  it  shows  a  coarse  longitudinal 

'f  broad  flat  ribs.      The  accompanying 

I  iUustrate  the  mode  of  occurrence  of  the 

!^  principal  dimensions  of  the  trunk  and 

Iter  in  the  cast." 

stem  is  about  six  centimetres  in  its 


•gjf  2nd  edition,  p.  171. 
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1 


greatest  diameter,  and  consists  of  a  central  pith  cylindar  and  two  c ._ 
centric  coats  of  scalariform  ti88ae(fig.  3).  The  pitik  cylinder  is  replaeed 
by  sandstone,  and  is  about  one  centimetre  in  diameter.     The  iDBer 

Fig.  2. — Longitudinal  and  Transverse  Sections  of  ihe  TVipJr,  Aemug 
the  position  of  the  Axis.  (Scale  2)  feet  to  1  inch.  Brawn  by 
Mr.  Hill.) 


a,  0,  ^  Internal  axis. 

cylinder  of  scalariform  tissue  is  perfectly  continuous,  not  radiated, 
and  about  one  millimetre  in  thickness.  Its  vessels  are  somewhat 
crushed,  but  have  been  of  laiige  diameter.     Its  outer  surface,  which 
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%  separatee  from  that  of  the  outer  oylinder,  is  striated  longi- 
niHy,  The  outer  eylinder,  which  constitutes  by  much  Sie 
est  part  of  the  whole,  is  also  composed  of  scalarifonn  tissue;  but 
JB  radially  arrau^  with  the  indiyidual  cells  quadrangular  in 
I  eectuuL  The  eroes  ban  are  similar  on  all  the  sides  and  usually 
le  and  atraight,  bat  sometimes  branching  or  slightly  reticulated. 
rail  intenreniog  between  the  bars  has  extremely  delicate  lon- 
iiial  waving  lines  of  ligneous  lining^  in  the  manner  first  de- 
i  by  Williamson*,  as  occurring  in  the  scalariform  tissue  of 
1  Lgndodendra  (fig.  4).    A  few  small  radiating  spaces,  par- 


—Axis  of  Diplozylon,  oa  seen 
weathered  turfaee,    (Natural 
e.) 


Fig.  4. — Portion  of 
Scalariform  Tissue. 
(Magnified.) 


liOKuniirai' 

lUIUlMniMlll     .^ 

Miiiiu:*u»  III, 


lary  eTlinder,  filled  with  sandstone, 
lary  aoeath  of  scalariform  tissue, 
lous  cylinder  of  soalariform  tissue,  radi- 
irranged  and  with  oonoentrio  lines. 


id  with  pyrites,  obscurely  represent  the  medullary  rays, 
are  been  very  feebly  developed.  The  radiating  bundHes 
)  leaves  run  nearly  horizontally;  but  their  structure  is 
tly  preserved.  The  stem  being  old  and  probably  long 
»  leaves,  they  may  have  been  partially  disorganized 
Msilized.  The  outer  surface  of  the  axis  is  striated  lon- 
id  in  some  places  marked  with  impressions  of  tortuous 
tly  thcMie  of  the  inner  bark.  In  the  cross  section,  where 
hoivs  concentric  rings;  but  under  the  microscope  these 
LS  bands  of  compressed  tissue  than  as  proper  lines  of 

axe  about  twenty  in  number.  Though  apparently 
sue,    the   'wood  of  the  outer  cylinder  may,  in  con- 

Btreiigt>h  of  the  vertical  rods  and  transverse  bars  of 

HContbljr  Mieroaoopical  Journal,  August  1869. 
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ligneous  lining,  have  beon  of  considerable  firmness,  which  would,  in- 
deed, seem  to  be  implied  in  the  manner  of  its  preservation  within  the 
hollow  bark. 

No  trace  remains  of  the  thick  inner  bark,  which  is  represented  l^ 
sandstone ;  and,  as  nsnal  in  these  trees,  the  cater  bark  oonaiflts  of 
structureless  ooaL  The  outer  surface  of  the  sandstone  cast  shows  lon- 
gitudinal striation  ;  but  the  ribs,  if  present,  are  Teiy  indistinct ;  and 
only  a  few  somewhat  remote  and  indistinct  depressions  remain  as 
indications  of  the  leaf-scars.  The  roots,  as  stated  by  Mr.  HiH,  thow 
a  delicate  transverse  wrinkling,  which  may  be  an  effect  of  preasore. 
In  one  small  portion  only  could  I  recognize  on  ih&n  the  remains  of 
the  stigmarioid  aredes. 

When  treated  with  an  add,  the  calcareous  matter  is  remored  and 
the  wood  remains  as  a  crumbling  dark  brown  mass,  which  shows  the 
structure  very  perfectly  when  di£fused  in  water  or  Canada  >i^i«n— 
When  this  brown  substance  is  ignited  it  bums  with  scaroely  any 
flame,  and  leaves  a  reddish  ash,  in  which  the  bars  of  the  scalanfonn 
tissue  are  still  quite  apparent. 

In  some  parts  of  the  axis  the  medullary  cylinder  becomes  reduced 
in  size,  and  the  inner  scalariform  cylinder  proportionally  thickened. 
Towards  the  top  of  the  axis  there  is  an  indication  of  bifurcation,whicfa 
may,  however,  be  a  deceptive  appearance  resulting  ftom.  mechanical 
splitting  due  to  decay. 

The  structures  above  described  are  obviously  those  of  Diploryilvm 
of  Corda ;  and  the  tree  may  be  regarded  as  a  SigUIaria  of  this  type, 
the  only  well-characterized  one  yet  found  in  the  Nova-Scotia  coal- 
field. In  comparison  with  the  axes  of  SigillarioB  which  I  have  de- 
scribed in  former  papers  presented  to  this  Society,  it  agrees  in  the 
general  arrangement  of  the  tissues,  but  differs  considerably  in  their 
character.  The  pith  cylinder  is  smaller  and  not  Stembergian.  The 
scalariform  tissue  of  the  inner  woody  cylinder  and  medullary  sheath 
is  much  coarser.  The  outer  cylinder,  instead  of  peeudo-scalarifonn 
and  porous  tissue,  like  that  of  Cycads,  has  coarse  scalariform  tissue. 
In  these  respects  the  trunk  resembles  those  recently  described  by 
Williamson*,  and  is  also  like  specimens  from  Arran  shown  to  me 
some  years  ago  by  Mr.  Oarruthers.  From  the  examples  given  by 
the  former,*!  cannot  doubt  that  such  trees  come  within  the  limits  of 
the  genus  Sigillaria^  as  determined  by  the  markings  of  the  baik ; 
and  that  they  bdong  to  that  low  type  of  these  trees  in  which  the 
woody  matter,  while  arranged  in  an  exogenous  manner,  is  wholly 
scalariform,  and  with  the  medullary  ray^Httle  developed.  As  Wil- 
liamson has  shown,  these  trees  approach  closely  to  Lepidoden^ra  in 
their  structure.  On  the  other  hand,  the  SigtUaria  of  the  type  of 
8.  eUgans  of  Brongniart,  and  of  /S.  spinuloM  of  Renault  and  Grand'- 
£ury,  have  a  somewhat  higher  organization,  and  point  to  the  stUl 
more  elevated  type  described  by  me  in  1870.  There  would  thus 
appear,  as  I  pointed  out  in  my  paper  on  the  structures  of  coal  in 
1859,  and  in  that  on  the  conditions  of  accumulation  of  coal  in  1865, 

•  Transactions  of  the  Royal  Society. 
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and  Btill  more  folly  in  that  on  StgUlaria  and  its  allies  in  1870*, 
'  sereral  distinct  types  of  Sigillarioid  trees ;  though  whether  we  can,  as 
--    '  suggested  in  those  papers,  separate  those  with  the  Claihraria  and 
Fawdaria  styles  of  markings  fh>m  the  other  SigiUarim,  is  still  doubt- 
V  foL    The  French  authors  above  cited  r^;ard  their  S.  eUgans  and 
-     8,  sptntUosa^  which  are  of  the  Favularia  type,  as  true  SigUlaricBy  and 
hold  that  their  woody  cylinder,  with  its  fibres  in  radial  series  and 
with  medullary,  rays  and  radiatmg  bundles  proceeding  from  the  inner 
cylinder,  allies  these  trees  with  the  gymnospermous  exogens.     Wil- 
liamson regards  his  SigiUarias  of  the  Diploxyhn  type  of  structure  bm 
probably  cryptogamous  and  allied  to  Lepidodendron^  though  main- 
.    taining  that  the  structure  of  these  stems  is  truly  exogenous.    There 
can  scarcely  be  any  doubt  that  the  higher  type  of  Sigtilaria,  which 
I  described  in  1870,  and  which,  I  think,  represents  the  ordinary 
coaisely-ribbed  species  of  the  type  of  my  8.  Braumiif  are  allied  to 
gjmmosperms.     Prof.  Newberry  and  the  writer  hare  adduced  strong 
circumstantial  evidence  to  show  that  SigiUartm  produced  the  fruits 
known  as  Trigonoearpa^  found  so  constantly  with  their  remains. 
Goldenberg,  on  the  ot^er  hand,  has  figured  a  sort  of  strobile  as  at- 
'  tached  to  SigUlaria,    Williamson  has  figured  fruit-scars,  which  he 
regards  as  attachments  of  cones.     I  have  figuredt  well-preserved 
fruit-scars  of  two  species  which  cannot  have  borne  strdbiles,  but  may 
very  probably  have  borne  Trigonocarpa  or  racemes  of  such  fruits. 
These  facts,  I  think,  taken  along  with  those  of  structure,  tend  to  show 
that  there  may  be  included  in  the  genus  Sigillaria^  as  originally 
founded  on  the  markings  of  the  surface,  species  widely  differing  in 
organization,  and  of  both  gymospermous  and  aorogenous  rank.    This 
conclusion  is  further  oonfinned  by  the  fact,  which  I  have  long  ago 
amply  demonstrated  in  my  papers  on  the  structures  and  mode  of 
accumulation  of  coal,  that  in  the  great  coal-beds  tissues  of  gymno- 
spermous character,  but  distinct  from  those  of  Conifers,  exist  to  an 
enormous  amount,  while  no  other  trees  are  found  in  connexion  with 
these  beds  to  which  such  tissues  can  be  referred  except  the  Sigillarice. 
Should  this  view  be  finally  established,  these  trees  will  present  an 
interesting  link  of  connexion  between  the  gymnosperms  and  the 
higher  cryptogams.    They  connect  the  Lepidodendra  with  the  Cycads 
and  Conifers  in  the  gradations  of  exogenous  structure  seen  in  their 
wood  and  bark,  and  also  in  the  remarkable  transitions  which  they 
exhibit  between  woody  tissues  of  the  discigerous  type  and  those  sca- 
lariform  tissues  which,  though  resembling  scalariform  vessels  pro- 
perly so  called,  yet  in  these  plants  are  evidently  arranged  in  the 
manner  of  woody  fibres,  lind  take  the  place  of  these  in  the  construc- 
tion of  the  stem. 

The  tendency  of  investigation  of  late  has  been  to  convey  the  im- 
preaaion  that  the  Sigillarioid  and  Lepidodendroid  trees  of  the  coal- 
formation  were  of  one  somewhat  uniform  and  monotonous  type.  On 
the  other  hand,  the  great  number  of  species  of  these  trees  indicated 

♦  Quart.  Journ.  Geol.  Soc.  vol.  xxvii.  (1871)  p.  147. 

t  Quart  Journ.  G^l.  Soc.  vol.  xxii.     Beport  on  FoBsil  Plants  of  the  Lower 
Carboniferouf :  1873. 
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by  external  markingB,  the  number  of  kinds  of  gymnospermoas  fmitB 
ttnd  oryptogamons  strobiles  associated  witb  them,  and  the  great 
range  of  organization  presented  by  their  stems,  indicate  a  eaneider- 
able  Tariety  of  generic  and  spedfio  types,  probably  bridging  over, 
by  means  of  the  class  of  Gymnosperms,  the  great  gap  at  present  ex- 
isting between  the  Angiospermous  and  Aorogenons  trees,  and  grring 
an  amount  of  diversity  to  the  forests  of  the  coal-period  of  wfai<^  we 
have  as  yet  little  conception.  A  fcnrther  illustration  of  this  is  pre- 
sented by  the  remarkable  spedee  of  Cardaites  reoentiy  described  by 
IL  Grand'Eury,  and  which  furnish  another  varied  series  of  Gymno- 
^[MrmouB  type. 
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45.  The  Steppes  of  Southern  Bttbsia.    By  Thomas  Belt,  Esq., 
r.G.8.    (Bead  June  20, 1877.) 

I  FIRST  saw  the  steppes  of  Southern  Bussia  in  the  spring  of  1873, 

and  under  circumstances  calculated  to  impress  some  of  their  peculiar 

-    features  on  my  mind.     I  had,  in  company  with  a  friend,  crossed  the 

Caucasus  from  Tiflis  to  Vladikafkas.     We  had  trayelled  hy  the  greirt; 

military  road  through  the  pass  of  Dariel,  and  down  the  stupendously 

precipitous  yalley  of  the  Terek.    At  Vladikafkas  we  came  out  on 

a  Tast  plain,  sensibly  level  as  far  as  the  horizon,  and  running  in 

between  and  around  the  spurs  of  the  mountains,  like  the  sea  around 

the  headlands  of  a  precipitous  coast.     I  have  since  then  travelled  for 

thousands  of  miles  over  similar  plains  in  Asiatic  and  European 

Bussia ;  but  the  vividness  of  my  first  impressions  of  the  steppe  of 

Vladikafkas  has  not  been  dimmed,  although  my  interest  in  the 

great  plains  has  been  increased  by  the  personal  experience  I  have 

since  gained  of  their  almost  continental  extent. 

At  Vladikafkas  I  saw  no  sections  to  a  greater  depth  than  15  feet. 
These  showed  the  upper  surface  of  the  plain  to  be  composed  of 
about  4  feet  of  black  soil,  resting  on  a  fine  grey  loess-like  clay,  the 
base  of  which  was  not  seen.  I  was  only  able  to  make  a  short  search, 
and  found  no  organic  remains. 

In  1875,  and  again  in  1876, 1  travelled  much  in  Southern  Bussia ; 
and  I  propose  to  lay  before  the  Society  the  information  I  have 
obtained  respecting  the  extent,  the  constitution,  the  geological  age, 
and  the  probable  origin  of  the  steppe-formations. 

Very  fine  sections  are  to  be  seen  around  the  shores  of  the  Sea  of 
Azof,  where  for  many  miles  there  are  continuous  cliffs,  often  more 
than  100  feet  in  height,  composed  almost  entirely  of  the  sands  and 
clays  to  which  the  Bussian  geologists  have  given  the  name  of 
"  diluvium."  The  strata  near  Taganrog  have  been  noticed  by  Sir 
Koderick  Murchison  in  his  *  Geology  of  Bussia  in  Europe ;'  but  the 
diluvial  beds  were  not  described  in  detail  by  him.  Immediately 
below  the  town  the  beds  are  masked  by  d^ris ;  but  after  passing 
the  mole  there  are  fine  sections  several  miles  in  length.  The  follow- 
ing sections  (figs.  1  &  2),  which  I  took  on  the  coast,  about  two  miles 
apart,  give  a  fair  representation  of  the  general  run  of  the  beds. 

Sarmatic,  or  Passage-beds. — The  lowest  beds  seen  are  stratified 
limestones  full  of  shells.  The  strata  rise  to  about  10  feet  above  the 
Jevel  of  the  sea ;  and  as  they  retain  the  same  position  for  several 
miles  along  the  shore,  they  must  be  nearly,  if  not  quite,  horizontaL 
Some  of  the  beds  are  arenaceous ;  and  the  topmost  are  much  decom- 
posed, so  that  the  shells  can  be  picked  out  from  the  matrix.  The 
commonest  forms  are  Mactra  podoUca^  Tapes  gregariaj  Oardiwn 
pitcatum^  and  O,  ohsoletum  axnongst  the  bivalves,  and  Bulla  La- 
fonkairiana,  Buednum  dvplicatum,  B.  VemeuiUi  and  Trochuspodo^ 
Ueus  amongst  the  univalves.  Thev  are  the  **  Passage-beds  "  of  Mui> 
-bison,  and  the  "  sarmatische  Schichten  "  of  Suess. 
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Pig.  l.—S€etim  i  mile  W.  of  Mole,  Taganrog.     (Scale  50  ft.  t» 

1  inch.) 
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40  feet.    Yollowuh  brown,  ntlier  ma^J' 
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10  feet    Bud  witb  mum  of  reddish  elaj.  in  nfcuhirty 
■tratilled  and  Tery  Tenable  in  fihkkaeaa. 


M=Pyi 


SO  feet.    Btiff  Uuish-browB  cUy. 

nnstratifled,  exoeptiof  near  the  baee,  wh«re  M  W- 
eomee  aaady,  and  metfea  into  the  flvriatile  hmim. 


14  feet.     Stratifled  aands  and  laady  aOt,  with 
fake  atntifleattoB.    Freahwater  aheUa  mhmmd 

10  feet    Shell  Umcetone. 
Sea-lerel. 


Fig.  2.—Seetum  2i  miles  N.  W.  of  MoU^  Taganrog.    (Scale  50  ft. 
to  1  inch.) 
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10  feet    Band  with  Mine  aeaae  of  day. 
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ting  downwarda  into  a  Twy  ealoanooa  brown  clar. 
and  at  the  baM  aUghtly  aandy  and  a  littU  ilnS- 
fled.    Fleahwater  ihella  in  lowtr  part 


L^T^gJ^  16  feet    Altenati<»«of  aandandalttbe 
FlnTiatile  beds pjv . 


Sannatio  orPaaaage' i 


felae-bedded.   PebblMatbaM.   IVeahwwIcr  riMlk 
throoghont 

1 10  feet    BheU  Bmeatoae. 

Sea-lerel. 


Fluviatile  Beds. — Resting  on  the  denuded  upper  sur&oe  of  Um 
limestones  is  a  series  of  stratified  sands  and  silts.  The  lowest  bed 
is  partly  formed  of  broken  pieces  of  the  underlying  limestone,  and 
abo  contains  pebbles  of  quartz,  flint,  and  sandstone,  amongst  whkh 
are  rolled  shells  of  Paludina  and  Cydas.     Above  this  are  strata  of 
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Band  and  silt,  the  sand  often  false-bedded.  In  some  of  the  higher 
beds  of  sand  there  were  groups  of  the  shells  of  Ufdo  pictorum,  var. 
elongatulay  with  the  two  valves  united,  lying,  as  the  moUusk  had 
lived,  with  the  smaller  end^of  the  valves  pointing  upwards.  I  saw  as 
many  as  twenty  individuals  in  some  groups,  all  lying  in  the  same 
position,  and  with  even  the  ligament  still  preserved.  Entire  shells  of 
a  speciee  of  Anodon  occurred  in  the  same  position,  but  singly  in  more 
silty  beds ;  they  were  so  tender  and  britde  that  they  fell  to  pieces 
when  I  attempted  to  extract  them.  Shells  of  Paludina^  Bithima^ 
and  Cyelas  were  very  iibundant,  especially  in  the  false-bedded  sands ; 
but  they  looked  as  if  they  had  been  drifted,  and  the  valves  of  the 
Cyelas  were  never  united.  The  beds  upwards  became  more  silty. 
In  following  the  formation  along  the  cliff,  it  was  found  to  be  very 
variable,  and  often  contained  no  shells.  Whenever  the  sands  were 
false-bedded  the  drifted  shells  of  Cydas  and  Paludina  appeared 
again.  At  the  point  where  the  section  fig.  2  was  taken,  tiie  beds 
graduated  upwards  into  the  diluvial  clay,  and  in  the  upper  part  con- 
tained shells  of  Planorlns  camplanatus.  In  the  more  sandy  layers 
I  found  a  few  fragments  of  Adaena  edenttUa  and  drifted  valves  of 
Dremena  polymorpTui,  Dr.  Jeffireys  ha^  found  amongst  the  shells  a 
single  fragment  of  Cardium  edule ;  and  fragments  of  Buecinum  and 
other  sheUs  from  the  underlving  Sarmatic  beds  are  not  uncommon. 
I  also  obtained  a  few  small  pieces  of  bone  *. 

The  moUuscan  &una  of  the  fluviatile  beds,  although  separated 
^m  the  present  time  by  the  whole  period  of  the  deposition  of  the 
thick  and  wide-spread  diluvium,  shows  a  remarkable  resemblance 
to  that  of  the  present  Sea  of  Azof.  On  the  beach,  thrown  up  by 
Uie  waves,  I  found  shells  of  Adaena  edenhda^  Drei$$ena  polymorpha^ 
Uniopietorumy  var.  elotigatula^  and  others,  the  same  as  those  of  the 
preduuvial  sands.  The  principal  difference  in  the  fauna  is,  that  the 
shells  of  Adaena  and  Dreissena  are  much  more  abundant  on  the 
present  beach,  and  have  their  valves  united,  indicating,  probably,  that 
the  water  is  now  more  saline. 

Diluvium. — ^Above  the  fluviatile  beds  He  thick  deposits  of  day 
and  sand,  which  generally  present  three  divisions,  although  the 
middle  one  is  sometimes  absent.  The  lowest  of  these  is  a  stiff  dark 
brown  or  bluish  brown  unstratifled  clay,  often  calcareous.  In  some 
parts  it  becomes  a  little  sandy  at  the  base,  and  graduates  into  the 
stratified  beds  below.  At  the  point  where  the  section  fig.  2  was 
taken,  I  foxmd BheUs  of  Lithoglyphus,  Bithiniay  Fairbankia^Valvataf 
Planorhisj  Sucdnea^  and  Hdix  in  the  lower  part,  where  it  began  to 
be  obscurely  stratified,  and  Planorhis  eomplanatuSj  also,  in  the  first 
six  feet  of  the  unstratified  clay.  The  lower  clay  is  succeeded  up- 
wards by  irregular  beds  of  sand,  and  these,  again,  by  a  thick  deposit 
of  yellowish-brown  unstratified  clay.  In  some  places  the  upper 
day  contains  numerous  calcareous  concretions ;  in  others  it  is  more 
arenaceous,  and  is  then  used  for  brick-making.  This  bed  at  the  top 
graduates  into  the  black  earth,  or  ^'  Tchomozem,"  which  is  merely  a 

*  For  a  complete  list  of  the  shells,  by  Dr.  Jeffreys,  see  the  end  of  this  paper. 
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d  Um  fine  dihmal  day,  ^odneed  by  ihe 
cl  vootB  eanynig  down  oiganie  mttter. 

About  efevoa  sileo  aorUi-ooBt  from  Taganrog,  at  the  Tillige  of 
Suafta,  tbo  following  oeeliott  (fig.  3)  k  eipooed  near  the  nylway 
tnm  Taganrog  to  Rootof . 

Kg.  3.'-S4€thm  nmr  Smkifka,  11  wuiss  N.B.  of  Ta^^anro^. 


Tbe  loweet  strata  seen  at  this  place  are  thinly  laminated  beds  of 
duk  sandy  silt,  containing  imprcssionB  of  Tapes  grtgaria  and  a  few 
other  shells  belonging  to  the  Sannatic  or  PasMge-beds. 

Above  these  lie  abont  15  foet  of  limestone,  composed,  in  a  great 
measQie,  of  the  sheUs  of  a  spedee  of  Drtisuna.  Some  of  the  lowest 
beds  were  entirdy  composed  of  tbese  shdls,  held  together  by  a  little 
calcareoQS  cement.  The  npper  beds  are  sometimes  concretionary, 
and  resemble  in  appearance  some  of  ihe  magnesian  limestones  of  the 
north  of  England.  These  limestones  are  the  Older  Steppe  Lime- 
stone of  ICurchison,  and  the  Congerian  or  Xngersdorf  strata  of  tbe 
Anstro-Hnngarian  geologists. 

Abore  the  limestone  lies  abont  10  feet  of  yellow  sand,  which 
becomes  a  little  loamy  upwards.  At  the  base  I  fonnd  fragments  of 
limestone  and  pebbles  of  quarts  and  qnartzose  sandstone.  I  saw  no 
shells ;  but  fragments  of  bones  and  of  tusks  of  the  Mammoth  were 
not  uncommoD.  I  picked  seyeral  pieces  out  of  the  undisturbed 
sand ;  and  the  workmen  employed  in  getting  ballast  for  the  railway 
had  thrown  on  one  side  many  others. 

In  ascending  the  estuary  of  the  Don  a  similar  succesaon  of  beds 
is  often  exposed,  though  one  or  more  members  of  it  are  frequently 
absent  through  denudation ;  but  ererywhere  the  diluvium  caps  the 
series,  resting  sometimes  on  the  Congerian  strata,  and  sometimes  on 
the  Sarmatic  beds.  I  sketched  the  following  section  (fig.  4)  near 
Nova  Tcherkask,  the  chief  town  of  the  Don  CkMsacks. 

The  cliff  near  Nova  Tcherkask  is  mostly  formed  of  the  Sannatic 
and  Congerian  strata,  and  there  is  a  capping  of  only  about  18  feet 
of  black  earth,  diluvium,  and  sand;  but  the  diluvium  thickens 
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inland,  and  forms  hills  rising  more  than  60  feet  above  the  general 
Burface.  In  the  Museum  at  Nova  Toherkask  I  saw  remains  of  the 
Mammoth  and  Irish  Elk ;  and  Captain  Scariatine,  to  whom  I  must 


Pig.  4.— Section  bdow  Nova  TchtrJcask.    (Scale  50  feet  to  1  inch.) 

Slack  ettth    

Dilinrinm    


PaMH^V  90  feet 
beds. 


Cooffsrian  ilnta  f?^^i 


IS^ifeet    Black  loU. 

10  f(B«t.    Dark  browB  onstntillad  olaj. 
4leet.    Irregnlar  bed  of  MUid. 


10  feet    8tratifledfnrrnciiionaliaea«oae,iklae-bedded 
in  aome  parte.    Sheila  of  Cardium  and  2>rtis4tna 


^  White  and  brown  aanda  with  yearns  of  daj. 
Dark  laminated  olaja  with  impfiifoin  of  thellt. 
Sand. 
Sand  with  manj  ihella  (marine). 


express  my  obligations  for  much  kindness  and  information,  ascer- 
tained for  me  that  they  had  been  obtained  near  the  town  in  the 
lower  part  of  the  diluvial  clay. 

Going  inland  from  Taganrog  northward,  along  the  line  of  the 
Taganrog-and-Earkov  railway,  the  bed-rocks  are  at  first  completely 
concealed  beneath  the  diluvial  clay.  Some  of  the  sections  in  smaU 
valleys  cut  down  through  about  50  feet  of  it  without  reaching  its 
base.  Near  Pokrofsky,  about  eight  miles  north  of  Taganrog,  the 
Steppe  Limestone  comes  in  places  nearly  to  the  surface,  and  is 
exposed  in  the  railway-cuttings  and  in  the  small  valleys.  The  way 
in  which  the  clay  covers  the  limestone  and  fills  up  inequalities  worn 
in  it  shows  that  the  latter  had  been  much  denuded  before  the 
former  was  spread  out.  In  some  parts  a  knob  of  limestone  reaches 
nearly  to  the  surface  of  the  level  steppe,  the  flat  character  of  which 
is  entirely  due  to  the  diluvial  clay.  In  others,  some  of  the  old 
valleys  in  the  limestone  have  been  partly  opened  out  again  in  the 
clay  that  had  filled  them  up.  The  old  Aralo-Caspian  sea,  in  which 
the  limestones  were  deposited,  had  been  lowered,  and  the  strata 
subjected  to  subaerial  denudation,  before  the  diluvium  was  de- 
posited and  the  irregularities  of  the  older  rocks  levelled  up  to  an 
even  surface. 

From  Pokrofsky,  the  country  on  the  line  of  railway  gradually 
rises  northward  as  far  as  Nikitofka,  situated  in  the  Donetz  coal- 
field, where  it  attains  a.  height  of  about  1000  feet  above  the  sea. 
Up  to  800  feet  above  the  sea  the  diluvial  clay  is  generally  thick ;  but 
above  that  height  in  the  coal-district  it  is  thin  and  irregular,  and 
often  consists  of  not  more  than  a  few  feet  of  the  black  soil.  East- 
ward from  Nikitofka  the  surface  of  the  country  rises  still  higher, 
and  attains  its  greatest  elevation  near  Evanofka,  at  a  height  of 
1210  feet  above  the  sea.  The  country  here  loses  its  steppe-like 
appearance,  and  the  Carboniferous  strata  often  crop  up  in  long 
ridges.     The  slopes  of  the  hills,  however,  are  all  covered  with  the 
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dilayial  day,  and  most  of  the  irregularities  of  the  Carboniferoos 
rocks  levelled  up  by  it. 

Northward  from  Nikitofka  the  country  gradually  lowers  again, 
and  near  the  dty  of  KarkoT  is  only  about  400  feet  above  Uie  lerel 
of  the  sea.  Below  800  feet  it  is  thickly  covered  with  the  diluvial 
day,  and  the  bed-rocks  are  sddom  seen. 

Earkov  is  principally  built  on  the  alluvial  plain  of  a  tributary  of 
the  Don.  The  river  has  cut  through  the  diluvium  down  to  rocks 
of  Cretaceous  age.  Two  branches  of  the  stream  join  at  the  dty. 
On  the  hill  between  the  two,  extensive  Government  buildings  were 
being  erected  when  I  was  there ;  and  in  the  excavations  for  the 
foundations  of  these  and  some  adjoining  sand-pits  I  obtained  the 
following  section  (fig.  5). 

Fig.  d.-^Seetion  near  Karl-av.    (Scale  50  feet  to  1  inch.) 

BlAok  cMth 


Dilnnom 


(   f  :  III 


/''It 


8  feet.    BUokKyQ. 

6  feet.    Sandj  reddish  daj. 

4  feet.    Whituh  oaloveoos  oUj. 

90  feet    Stiff  0U7   with  Tertioia  joints,  uastnlifled, 
Modj  near  base. 

10  feet.    DMrk  grt^y  loces-like  day. 
6  feet.    Yellowish-brown  elay. 
Inregulsjr  bed  of  deeo  yellow  sand. 


Fine-grained  soft  vnstratifled  dialk  marl. 


From  Earkov  westward,  all  the  way  to  the  Russian  frontier  at 
Wolochisk,  the  traveller  passes  for  hundreds  of  miles  continuously 
over  the  diluvial  beds,  excpting  when  he  crosses  some  of  the  valleys 
of  the  larger  rivers,  which  have  cut  down  through  it  to  the  older 
rocks.  In  going  and  retmming  between  Wolochisk  and  Karkov,  a 
distance  of  about  600  miles  by  railway,  I  passed  one  way  in  day- 
light much  of  thai  which  the  other  I  missed  sedng  in  t^e  night- 
time ;  and  although  I  was  constantly  on  the  outlook,  I  only  saw 
two  exposures  where  the  bed-rocks  came  to  the  surface,  altiiough 
cuttings  through  the  rolling  steppes  were  numerous.  Whenever 
the  older  rocks  were  seen,  as  at  Olviopol,  on  the  river  Bug,  it  was 
evident  that  they  had  been  worn  into  valleys  and  hills  before  the 
outspread  of  the  diluvium,  and  that  the  flatness  of  the  country  was 
due  to  the  latter,  the  old  irregularities  having  been  filled  up  by  it. 

I  found  at  Wolochisk,  in  some  day  that  was  thrown  out  of  a  pit, 
which  was  bdog  sunk  in  the  diluvium  for  a  well,  some  shells  of 
Suceitiea  and  Pupa,  They  came  from  a  depth  of  about  7  feet 
from  the  surface,  and  were  imbedded  in  stifi^  yellowish-brown  un- 
stratified  clay,  throughout  which  were  also  scattered  some  small 
angular  pieces  of  limestone.  Wolochisk  is  situated  on  the  high  steppe 
which  stretches  away  to  the  east  in  a  great  flat  expanse  of  countiy. 
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To  the  west  there  is  a  descent  into  the  valley  of  a  tributary  of  the 
Dniester,  on  the  other  side  of  which  is  the  Austrian  ibrontier  town  of 
Podwolochisk.  Westward  from  Fodwolochisk  the  country  gradually 
rises,  and  beds  of  limestone  containing  marine  shells  occasionally 
come  to  the  8ur£EU»,  whilst  the  hollows  between  these  knolls  of  the 
older  rocks  are  filled  with  diluvial  clay.  The  diagram,  fig.  6  (p.  850), 
ahows  the  position  of  the  surface-beds  at  Woloahisk  and  Podwo- 
lochisk. 

In  rising  from  the  alluvial  plain  at  Podwolochisk  westward  some 
deep  railway-cuttings  had  been  made ;  and  these  were  being  widened 
at  the  time  of  my  visit,  affording  me  an  excellent  opportunity  of 
examining  the  diluvial  beds.  At  the  point  marked  ^  in  the  dia- 
gram I  obtained  the  section,  fig.  7  (p.  850). 

The  lowest  bed  of  the  diluvium  seen  here  (marked  3  in  fig.  7)  is 
a  yellowish  brown  fine  clay,  rather  sandy,  and  breaking  into  irregular 
flakes,  as  if  the  pressure  of  the  beds  above  had  given  to  it  a  sort 
of  slaty  structure.  Shells  of  Helios  hispida,  Succinea  obhnga^  and 
Papa  marginata  were  scattered  through  the  upper  part  of  the  stra- 
tum. Above  this  lies  about  20  feet  of  rather  sandy  day,  with  obscure 
signs  of  stratification.  I  could  find  no  shells  in  this  clay  ;  but  this 
part  of  the  section  was  much  hidden  by  soil  slipped  down  from 
above. 

The  topmost  bed  of  the  diluvium  is  composed  of  about  10  feet  of 
yellowish-grey  unstratified  calcareous  day.  Shells  are  abundantly 
scattered  through  it,  the  most  common  being  Succinea  oblonga  and 
Pupa  marginata,  1  also  gathered  Helix  hispida,  H.  minuta,  and 
H.  ericetorunij  var.  minuta.  It  also  contains  fragments  of  Miocene 
shells  and  angular  pieces  of  limestone. 

The  resemblance  of  these  clays  to  the  beds  of  the  Ehine  and  the 
Danube,  both  in  their  composition  and  fossil  contents,  is  most 
remarkable.  There  is  no  question  of  this  deposit  being  the  diluvium 
of  the  south  of  Eussia ;  and,'as  I  have  already  mentioned,  it  can  be 
followed  continuoudy,  excepting  where  cut  through  by  the  larger 
rivers,  all  the  way  to  Karkov.  Westward  from  Podwolochisk, 
through  the  province  of  Qalicia,  the  same  clay  covers  most  of  the 
country  to  a  height  at  least  of  1200  feet  above  the  sea.  Near 
Zloczou  the  black  earth  rests  directly  above  shaly  debris,  and  the 
country  loses  its  steppe-like  appearance,  and  is  more  broken  up  into 
hills  and  valleys. 

In  November  1875,  I  tried  to  trace  the  diluvium  northwards 
from  Earkov  to  its  junction  with  or  change  into  the  northern  drift 
that  covers  the  north  of  Eussia  to  similar  heights  as  the  diluvium 
farther  south.  I  found  the  country  covered  with  diluvial  day  all 
the  way  to  the  city  of  Orel,  on  one  of  the  tributaries  of  the  Oka, 
and  near  the  top  of  the  water-shed  between  that  river  and  the 
Dnieper.  At  Orel  the  low  hills  bounding  the  valley  are  all 
covered  with  from  10  to  30  feet  of  unstratified  yellowish  brown 
day,  containing  calcareous  concretions;  and  here  I  got  the  first 
indications  of  the  northern  drift  in  a  few  pebbles  of  quartzite 
scattered  through  the  clay. 
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For  70  miles  north-westward  from  Orel  the  country  is  a  great 
nndnlating  plain,  ererywh^re  covered  with  day ;  but  unfortunately 
a  snowstorm  came  on,  and  covered  up  the  sections  before  I  arrived 
at  the  first  large  boulders  from  the  north.    Between  Smolensk  and 
Orsha  there  are  many  huge  northern  blocks  lying  on  the  surfcu^e ; 
but  in  consequence  of  the  snow  I  could  not  trace  their  relation  to 
the  diluvial  day.    Sir  Boderick  Murchison  has,  however,  done  so. 
In  his  ^  G^logy  of  Russia  in  Europe,'  he  has  described  the  northern 
drift  as  extending  all  the  way  from  the  German  Ocean,  on  the  west, 
to  the  White  Sea,  on  the  east,  a  vast  zone  of  country,  nearly  2000 
miles  in  length,  and  from  400  to  800  miles  in  widtii,  more  or  less 
covered  with  drift,  with  colossal  blocks  of  crystalline  rocks,  the  whole 
of  which  have  becnibrought  from  Scandinavia,  Finland,  and  Lapland. 
This  detritus  has  been  borne  southwards  in  long  zones,  often  sepa- 
rated from  each  other  by  depressions,  occasiondly  of  great  width, 
in  which  few  or  no  blocks  are  discernible.     Hills  or  dopes,  200  or 
300  feet  high,  are  covered  with  blocks,  whilst  the  intervening 
▼alleys  are  fr'ee  from  them.     The  Yaldai  hills,  which  rise  to  over 
1100  feet  above  the  sea,  are  strewn  with  blocks  of  granite,  gneiss, 
greenstone,  and  porphyry,  which  have  come  from  Finland.     Mur- 
chison traced  these  blocks  as  far  southward  as  Yoroneje,  700  or 
800  miles  distant  from  the  nearest  edge  of  their  parent  country .«  In 
the  southern  limits  of  this  zone  he  found  that  the  materials  were  re- 
duced to  small  size,  and  mixed  with  local  d^ris.     He  traced  the  drift 
southward  merging  into  the  diluvial  day,  and  considers  the  latter  a 
deposit  from  the  same  water  over  whi(^  the  northern  blocks  were 
borne  on  icebergs.    He  says,  ''  Extending  as  far  southwards  as 
currents  or  icebeigs  would  transport  them,  it  is  very  natural  to 
suppose  that  where  the  northern  boulders  ceased  to  advance,  the 
bottom  of  the  then  sea,  remote  from  any  disturbing  force,  would 
become  covered  with  fine  silt  or  mud  "*• 

Whilst  northward  the  diluvial  clay  merges  into  the  northern  drift, 
south-westward  it  bears  the  same  relation  to  the  loess  of  the  valley 
of  the  Danube.  Thus,  if  instead  of  going  eastward  from  Balta,  to 
which  place  from  Earkov  I  have  traced  the  diluvial  day  without 
break,  we  go  southward,  we  may  follow  it,  again  without  break,  to 
Odessa,  where  it  occupies  the  same  position  as  at  Taganrog,  and 
contains  the  remains  of  the  Mammoth  at  its  base.  Souti^-westward 
from  Odessa  it  wraps  round  the  end  of  the  Carpathians  into  the 
valley  of  the  Danube.  Admiral  Spratt,  in  his  well-known  papers, 
has  described  the  steppes  of  Wallachia,  Bessarabia,  and  Moldavia,  as 
rising  in  a  gentle  dope  northwards  from  the  Danube,  and  ascribes 
their  smooth  and  levd  character  to  the  hollows  of  the  older 
denuded  surface  having  been  filled  up  by  the  drift-depodt.  He 
figures  a  section  near  Bolgrod,  showing  that  the  older  beds  (which, 
from  their  fossils,  bdong  to  the  Congerian  formation)  have  been 
denuded,  and  afterwards  covered  up  with  diluvial  clay,  just  as 
around  the  Sea  of  Azof.  He  found  the  same  characters  in  the 
deposits  of  the  steppe  at  Galatz  and  near  Ibrail,  as  wdl  as  more  in 
*  See  op.  d#.  pp.  510, 513,  519,  624,  and  662. 
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tbe  interior  of  Wallaohia.  On  approaching  the  Carpathian  tbp 
deposits  became  more  gravelly.  The  lower  part  of  the  Dobfods^a 
is  also  covered  with  the  same  day ;  and  at  Ensteojah  it  is  100  feeC 
thick*. 

Continuing  westward,  and  still  passing  over  the  same  dikvial 
deposits,  we  reach  the  great  plams  of  Hungary,  which  abcteb 
from  the  Danube  to  the  flanks  of  the  Carpathians,  and  are  emy- 
where  covered  with  the  ^^ diluvium'*  of  the  Aostro-Honganaa 
geologists.  Dr.  Peters,  of  Gratz,  correlates  the  dnft-d^oaUs  «f 
Hungary  with  those  of  Bessarabia  f. 

In  Hungary  the  diluvial  clay  is  sometimes  termed  the  *^  loeat,*" 
and  is  so  known  westward.  In  the  Vienna  Basin  it  oovefs  tW 
Congerian  or  Ingersdorf  strata,  exactly  as  the  diluvial  oIaj  does  is 
South  Russia,  and  contains  ihe  bones  of  the  Mammoth  aeoos^ 
panied  by  those  of  the  Woolly  Rhinoceros,  and  the  implemeats  of 
palaeolithic  man  at  its  base.  Dr.  Edward  Suess,  of  Vienna,  infomed 
me  that  it  extended  to  heights  of  1300  feet  above  the  sea  in  tibs 
upper  parts  of  the  valley  of  the  Danube. 

The  parallel  relations  of  the  strata  of  the  Danube  and  the  woAl 
of  Russia  are  shown  in  the  following  tabular  statement : — 

Vaxlet  of  the  Danube.  Southeek  Russia. 

''  1.  LoM8  of  the  Vienna  basin  and  di-  1.  Dflurial  day  with  land-^baOi 

luTium  of  the  plains  of  Hungary  in  upper  part,  and  freriiwatflr 

and  Wallaohia.    Bones  of  l£tm-  shells  and  bones  of  Uamww^li 

moth  at  base.  at  base. 

2.  FluTiatile  beds  of  Valpuk,  in  Bes-  2.  FluTiatile  beds  with  freshwater 
sarabia,  with  freshwater  shdls.  sheUs  and  bones   of  Maae 

moth. 

3.  Olays  with  Hydrobia,  BUkmia,  kc.,      3.  Freshwater  beds  300  feet  below 
180  feet  below  the  beds  of  the  the  surface  at  Astrakhan  on 

t         Danube  and  the  Theiss.  the  Volga. 

^4.  Freshwater  beds  with  Po/iM^UMi  and  4.  PossiUT    the    (>e/«s  beds  of 

MeUmoptitt  ^'Paludinen-  und  Me-  Muroiison. 

lanopsis-Schichten'*  of  theAustro- 

Hunsarian  geologists.. 

j  5.  Braekisn-water  beds.    "  Oongerien  5.  Braddsh-water  beda^Coomiaa 

Schiohten**  of  Austro-Hungarian  strata,  01df*r  Stc>ppe  Lbaa 

geolo^ts.  stone  of  Murehison. 

\  6.  Sarmatic  beds.  6.  Sarmatic  beds,  Psasatge-^wds  of 

Murchison. 

\7.  Marine  Miocene.  7.  Biarine  Bfiooene. 

I  shall  refer  very  briefly  to  the  Miocene  strata,  and  only  so  far  as 
their  study  throws  light  upon  the  conditions  under  which  the 
Quaternary  beds  were  deposited.  When  the  marine  Miocene  beds 
were  forming,  the  water  of  the  Vienna  basin  was  connected  with 
the  Mediterranean,  and  extended  eastward  over  the  present  Black 
Sea,  Caspian,  and  Aral  areas,  probably  as  far  as  Khiva.  The  dia- 
racteristic  mammals  of  this  stage  &ro  Mastodon  angusUden*  and 

•  Quart.  Joum.  Oeol.  Soc.  vol.  xir.  p.  203,  and  toI.  xri.  p.  281. 
t  Oeol.  Mag.  1868,  p.  6a 
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M,  tapiroides.  In  the  Sarmatio  beds  we  have  evidence  of  a  great 
change  in  the  conditions  of  the  Vienna  and  Aralo- Caspian  areas. 
The  communication  with  the  Mediterranean  sea  was  interrupted, 
and  an  immense  isolated  basin  formed,  in  which  the  Sarmatic  fauna 
was  developed.  This  change  to  an  isolated  area,  and  probably  a 
slight  freshening  of  the  water  of  the  basin,  was  followed  by  a  great 
change  in  the  moUuscan  faima ;  and  we  have  the  unusual  geological 
phenomenon  presented  of  a  nearly  complete  replacement  of  the 
species  of  moUusks,  whilst  the  land  mammals  remained  the  same, 
the  two  species  of  Mastodon  found  in  the  marine  beds  continuing 
through  the  Sarmatic  period. 

The  next  stage  shows  a  further  great  freshening  of  the  water  of 
the  Aralo-Caspian  area  (including  that  of  the  Danube  and  the  Black 
Sea),  and  another  corresponding  change  in  the  fauna  of  the  Great 
Lake.  The  more  purely  marine  genera,  such  as  Mactra,  Tapes^ 
Buccinum^  &c.,  disappear,  and  Dreissena  and  abnormal  forms  of 
Cardium  become  the  dominant  groups,  accompanied  by  freshwater 
genera,  such  as  Paludina,  Cyclas,  and  others.  The  abundance  of  the 
shells  of  Dreissena  or  Cotigeria  has  caused  it«  deposits  to  be  named 
the  Congerian  strata.  It  is  the  Older  Steppe  Limestone  of  Murchi- 
Bon ;  and  its  characteristic  mammals  are  Mastodon  longirostris  and 
Hippotherium  gracile.  The  same  mammals  also  characterize  the  next 
stage,  when  the  western  part  of  the  Aralo-Caspian  area  was  entirely 
freshened,  and  the  PcUvdina-  and  Melanopsis-hedB  were  deposited 
above  the  Congerian*. 

From  the  marine  Miocene  up  to  and  including  the  Melanopsis-beda 
the  strata  follow  each  other  conformably;  but  above  the  latter 
there  is  a  great  break  in  the  succession.  No  representatives  of  our 
"Crags"  are  known  in  the  Vienna  basin  or  in  the  Aralo-Caspian 
area,  nothing,  indeed,  that  can  be  classed  as  Pliocene.  The  wit- 
nesses of  the  great  interval  of  time  between  the  Miocene  and  the 
Quaternary  are  not  actual  deposits,  but  the  great  denudation  of  the 
Miocene  beds  that  took  place  during  it.  As  during  this  time  there 
was  no  intrusion  of  the  Mediterranean  fauna,  it  is  probable  that  the 
great  basin  drained  to  the  north,  either  to  the  east  or  the  west 
of  the  Urals,  through  some  channel  now  concealed  beneath  the 
diluvium. 

And  this  channel  appears  to  have  been  gradually  deepened,  so  as 
to  lower  the  surface  of  the  lake,  not  only  to  the  present  level  of  the 
f^  but  below  it;  for  the  early  part  of  the  Quaternary  period 
18  marked  here,  as  it  is  in  other  parts  of  the  world,  by  the  rivers 
ninning  at  lower  levels,  and  cutting  their  channels  deeper  than 
their  present  beds.  Dr.  Peters  has  informed  mo  that  between  the 
^nube  and  the  Theiss,  clays,  with  freshwater  shells,  are  found  at  a 
depth  of  180  feet  below  the  beds  of  these  rivers ;  and  Murchison 
mentions  the  occurrence  at  Astrakhan  of  freshwater  shells  of  existing 
•pedes  300  feet  below  the  townt-     I  have  followed  Mr.  Alfred 

*  Th.  Fachs,  Band  Ixxiii.  der  Sitzb.  der  k  Akad.  der  Wiasensch.  1.  Abth., 
Janner  Heft,  Jahrg.  1876. 
T  Op.  cit.  p.  57a 
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Tylor  in  asoribing  this  lower  level  of  the  liTen  to  a  general  de- 
pression oi  the  surfaoe  of  the  ocean,  caused  in  the  Glacial  period 
by  so  much  water  being  looked  up,  in  the  form  of  ice,  above  the 
level  of  the  sea. 

The  next  stage  represented  is  that  of  the  fluviatile  beds  at  the 
base  of  the  diluvial  day,  containing  recent  species  of  freshwater 
shells  and  the  remains  of  the  Mammoth,  Theee  beds  at  Taganrog 
graduate  upwards  into  the  diluvial  day,  of  which,  indeed,  they  form 
the  basement.  Beds  of  similar  age  in  Bessarabia  are  considered  by 
Dr.  Peters  also  to  be  truly  iutercalated  with  die  loess.  It  will 
therefore  be  convenient  to  discuss  the  origia  of  the  fluviatile  beds 
along  with  that  of  the  diluvial  day.  It  seems  scarcely  doubtful 
that  the  condusion  of  Murchison  is  correct,  that  the  diluvial  day  ii 
the  continuation  southward  of  the  northern  drift.  Nor  do  I  see 
how  it  can  be  disputed  that  it  is  also  the  continuation  and  equiva- 
lent of  the  loess  of  the  Danube.  The  bones  of  the  Mammoth  and 
the  Woolly  Bhinooeros  occur  in  each  of  the  areas,  and,  in  every  ease 
that  I  know,  only  in  the  basement-beds  of  the  deposits  that  I  sup- 
pose to  be  contemporaneous.  We  are  assured,  not  only  by  the 
occurrence  of  these  mammals,  but  by  the  transport  of  the  erratie 
blocks  of  Eussia,  that  the  deposits  bdong  to  Uie  Glacial  period; 
and  in  consideriug  the  question  of  their  origin  we  are  able  at  once 
to  show  that  some  of  the  theories  that  have  been  proposed  to  account 
for  the  formation  of  similar  diluvial  beds  in  other  parts  of  the  world 
fail  when  applied  to  those  of  Russia.  Thus  the  B^uron  F.  von  Bicht- 
hofen  has  suggested  that  the  loess-like  days  of  the  north  of  China 
have  been  formed  from  douds  of  dust  blown  by  the  wind*.  In  Russia, 
even  if  we  could  imagine  a  whole  country  to  be  covered  by  t^ck 
beds  of  clay  formed  of  dust  blown  from  some  unknown  region,  we 
should  still  leave  unexplained  the  tranisport  of  the  northern  blocks 
for  hundieds  of  miles  across  the  plains.  Even  for  the  formation  of 
the  loess  of  the  Rhine  and  the  Danube  the  theory  is  unsatisfactory' ; 
for  the  land-shells  contained  in  it  are  generally  those  that  belong  to 
damp  places  and  climates,  and  the  species  tiiat  frequent  dry  and 
sunny  spots  are  scarce.  Again,  some  geologists  have  ascribed  the 
outspread  of  diluvial  deposits  to  great  floods,  produced,  according  to 
Mr.  Alfred  Tylor,  by  more  abundant  rains  than  now  occur,  or, 
according  to  Dr.  Dana  and  Dr.  Haast,  by  the  mdting  of  the  ice- 
sheet  at  the  dose  of  the  Glacial  period,  ^ut  the  diluvial  day  of 
Russia  extends  from  the  Carpathians  to  the  Urals,  covers  the  water- 
shed between  the  rivers  that  drain  to  the  north  and  those  that  drain 
to  the  south,  and  is  entirdy  independent  of  the  great  river-valleys. 
The  northern  blocks  have  also  been  carried  in  the  opposite  direction 
to  the  flow  of  the  northern  rivers,  and  stranded  on  the  flanks  of  the 
Carpathians  up  to  heights  of  1200  feet  above  the  sea,  and  even 
higher. 

We  thus  have  the  question  narrowed  down  to  one  of  two  issues 
only.     We  require  a  great  sea  of  water  for  the  flotation  of  the  ioe- 

•  Report  on  the  Provinces  of  Honan  and  ShansL  1870. 
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bergs  that  carried  the  northern  blocks  southward.  That  water 
covered  the  Yaldai  Hills,  which  are  over  1100  feet  in  height,  and  rose 
on  the  flanks  of  the  Carpathians  to  oyer  1200  feet  above  the  present 
sea-level,  and  was  therefore  sufficient  also  for  the  distribution  of  the 
diluvial  day  and  the  loess  of  the  Danube.  There  is  no  occasion  to 
look  for  any  other  cause ;  but  the  questions  still  to  be  determined 
are,  whether  the  water  was  that  of  the  sea,  or,  if  not,  how  it  was 
danuned  up  to  such  great  heights  and  in  such  immense  volume.  Sir 
Boderick  Morchison  was  of  opinion  that  nearly  the  whole  of  Russia 
had  been  Bxibmerged  beneath  the  sea.  And,  indeed,  it  seems  most 
reasonable  to  oondude,  when  we  take  into  consideration  that  some  of 
the  boulders  have  been  carried  more  than  700  miles  from  their 
parent  rocks,  and  that  the  diluvial  beds  cover  nearly  the  whole 
country,  and  are  absolutely  independent  of  the  lines  of  drainage, 
that  there  must  have  been  a  sea-like  expanse  of  water;  and  in 
Murchison's  time  there  was  no  other  way  known  by  which  such  a 
submergence  could  be  produced,  excepting  by  the  sinking  of  the 
land  below  the  level  of  the  ocean. 

Yet  the  objections  that  may  be  urged  against  a  marine  submerg- 
ence are  very  strong.  We  have  seen  that  from  the  time  of  the 
isolation  of  the  Sarmatic  sea  there  is  evidence  of  successive  freshen- 
ings  of  its  water  uni^,  at  the  time  of  the  deposition  of  the  Paludina- 
beds,  it  appears  to  have  become  perfectly  fresh,  at  least  in  the 
western  part  of  the  basin.  The  surface  of  the  lake  was  then 
lowered ;  and  when,  after  a  long  interval,  during  which  the  Miocene 
beds  were  greatly  denuded,  the  water  again  began  to  rise  and  to 
itegsan  some  of  its  former  extended  limits,  we  find,  from  the  fauna 
contained  in  the  fluviatile  beds,  that  it  was  still  quite  fresh.  Then 
succeeds  the  diluvial  clay,  in*  the  bottom  part  of  which  a  few  fresh- 
water shells  stUl  occur,  whilst  in  the  upper  portion  only  land  shells 
&re  found.  Surely  if  the  sea  had  again  covered  this  area,  as  it  did 
in  early  Miocene  times,  it  would  have  left  some  memorials  of  its 
presence.  We  are  precluded  from  imagining  that  they  may  have 
existed,  but  have  been  destroyed,  by  the  perfect  preservation  of  the 
freshwater  and  land  shells. 

Br.  Dawson,  who  is  the  principal  advocate  of  a  marine  sub- 
mergence of  the  northern  parts  of  the  continents  of  America  and 
Europe  in  the  Glacial  period,  has  fully  perceived  the  importance  of 
the  absence  of  sea-shells  from  most  of  the  areas  that  he  supposes  to 
have  been  beneath  the  sea,  and  has  offered  some  reasons  to  account 
for  it.  The  freshening  of  the  sea  by  the  entrance  of  large  rivers, 
or  by  the  melting  of  ice,  may,  he  thinks,  have  prevented  marine 
^"wnials  from  existing.  I  do  not  know  of  any  evidence  showing 
that  the  estuaries  of  large  rivers  are  not  suitable  for  the  abundant 
roatenance  of  animal  life.  Prof.  Nordenskjold  has  lately  shown 
^t  even  the  Kara  Sea,  within  the  Arctic  circle,  and  freshened  by 
the  immense  volume  of  water  brought  down  by  the  Obi  and  Yenissei, 
^  rich  in  moUusks,  crinoids,  crustaceans,  and  other  forms  of  animal 
'ife*;   and  with  regard  to  the  melting  of  ice,  there  are  mol- 

*  Nature,  yoL  xv.  p.  124. 
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lusks,  sucli  as  some  of  the  species  of  Lfda,  that  appear  to  thiire 
host  in  water  freshened  by  it.  But  even  if  these  reasons  w&% 
sufficient  for  some  parts  of  the  northern  continents,  they  would  not 
apply  to  the  area  in  question.  For  when  the  country  was  alou^ 
entirely  covered  by  the  sea,  there  could  be  few  large  rivers  flowing 
from  it ;  and  the  melting  of  the  northern  ice  could  not  cook  vster 
in  the  latitude  of  the  south  of  France  so  as  to  make  it  unfit  for 
animal  life. 

Dr.  Dawson  has  also  pointed  to  the  evidence,  obtained  by  tits 
*  Challenger '  Expedition,  that  in  certain  areas  of  deep  water  thee 
is  a  possibility  that  an  excess  of  carbonic  acid  may  remove  all  trace  of 
calcareous  organisms.  This,  however,  only  applies  to  abyssal  depth* : 
and  the  water  that  covered  the  south  of  Russia  nowhere  reached 
2000  feet,  the  extreme  height  that  I  can  find  anywhere  in  Europe 
for  the  diluvial  waters  being  about  1700  feet  above  the  sea.  The 
preservation  of  the  land  and  freshwater  shells,  as  I  have  alreadj 
urged,  also  forbids  us  to  believe  that  marine  ones  have  been 
destroyed. 

All  the  evidence  and  every  line  of  argument  seems  to  point  to  the 
conclusion  that  the  submergence  was  not  marine,  but  that  it  was  fr^ 
water  that  covered  Central  and  Southern  Russia,  and  sent  up  a  great 
arm  into  the  valley  of  the  Danube.  In  a  former  paper  that  I  had 
the  honour  to  lay  before  the  Geological  Society,  I  put  forward  a 
theory  to  account  for  the  formation  of  a  great  continental  lake  or 
sea  of  fresh  water,  that  is  in  singular  harmony  with  the  requirements 
of  the  present  case*.  It  is  that,  in  the  Glacial  period,  the  ice 
accumtdated  at  the  northern  ends  of  the  Atlantic  and  Pacific  Oceans, 
and  advanced  southwards  down  the  sea-beds,  blocking  ap  the 
drainage  of  the  continents  as  far  as  it  extended. 

I  shall  not  now  enter  on  details  as  to  the  conditions  under  which 
the  ice  accumulated,  or  the  method  and  reason  of  its  advance,  as  I 
have  already  elsewhere  treated  these  questions  at  length  f ;  but  I 
propose  to  show  how  far  the  theory  explains  the  phenomena  in  the 
district  under  consideration. 

From  the  north-east  extremity  of  Asia  to  the  Pyrenees  there  is  a 
range  of  high  land,  continuous  excepting  for  two  interruptions. 
One  of  these  is  through  the  Bosphorus  and  Dardanelles ;  the  other 
between  the  eastern  end  of  the  Pyrenees  and  the  western  spurs  of 
the  Alps.  The  latter,  I  suppose,  was  blocked  up  by  ice  in  the 
Glacial  period ;  the  former  not  cut  through  until  after  the  forma- 
tion of  the  great  lake.  To  the  north  of  this  ridge  the  diluvial  beds 
are  nearly  everywhere  spread  out,  up  to  heights  of  about  1200  feet 
above  the  sea,  and  reaching  to  an  extreme  height  of  about  1700 
feet ;  to  the  south  of  it  they  are  nowhere  to  be  seen.  According  to 
my  theory,  the  basin  so  bounded  to  the  south  we»  completed  by  the 
advance  of  the  Atlantic  ice  on  the  coast  of  Europe,  and  by  that  of 
the  Pacific  on  the  coast  of  Asia.  The  ice  of  the  Pacific  would  ban 
in  the  north-eastern  outlet  as  soon  as  it  advanced  as  far  as  the 

*  Quart.  Joum.  GeoL  Soo.  voL  nodi.  p.  80. 
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mountmns  of  Kamtschatka ;  bat  that  of  the  Atlantic  would,  on  the 
'western  side,  have  to  reach  the  latitude  of  Northern  Spain,  and 
coalesce  with  the  ice  of  the  Pyrenees  or  of  the  Cantabrian  range, 
to  complete  the  basin  on  that  side. 

The  ice,  as  it  advanced  on  the  coasts  of  Europe  and  Asia,  would 
probably  enclose  to  the  north  of  the  continents  great  areas  of  salt 
-water,  so  that  the  lake  at  first  would  be  saline,  but  continually 
freshening  as  it  rose.     This  more  or  less  saline  water  would  first 
reach  the  Aralo-Caspian  region  up  the  depression  or  great  river- 
valley  by  which  the  drainage  of  that  area  had  flowed  northward. 
It  is  probable  that  it  was  at  this  time  and  by  this  channel  that  the 
present  arctic  element  in  the  Caspian  fauna  reached  the  Aralo- 
Caspian  area.     As  is  well  known,  the  Caspian  at  the  present  time 
contains,  along  with   many  mollusks  that  appear  to  be  the  de- 
scendants of  species  of  Cardium  and  Dreissena  of  the  Congerian 
strata,  from  which  a  few  of  them  can  scarcely  be  distinguished,  some 
vertebrates,  crustaceans,  and  mollusks  either  identical  with  or  very 
closely  allied  to  forms  now  living  in  the  northern  seas.     Thus  the 
mammals  are  represented  by  a  Seal  {Phoea  easpica)  so  nearly  allied 
to  the  Common  Seal  (Phoca  vitulina\  that  many  naturalists  con- 
sider them  only  varieties  of  the  same  species.     Mr.  Andrew  Murray 
says  that  so  nearly  allied  is  Phoea  easpica  to  P.  vittdina  that,  ex- 
cepting for  their  geographical  position,  no  one  would  think  of  sepa- 
rating them  *.    Amongst  the  fishes  of  the  Caspian  there  is  Coregonus 
leudchihys,  a  species  also  living  on  the  northern  coast.     Amongst 
the  crustaceans  there  are  many  interesting  relations  shown  with  the 
fauna  of  the  Arctic  Ocean.     Amongst  these  I  may  mention  Idoihea 
entomon,  which  abounds  in  certain  parts  of  the  Caspian,  and  is  found 
in  equal  abundance  in  the  Kara  Sea  to  the  north  of  Siberia.     There 
is  also  the  Mi/sis  relicta,  another  species  of  the  northern  seas,  and 
several  other  closely  related  species.     Amongst  the  mollusks  we 
must,  I  think,  omit  Mtftilus  fdtdis,  as  it  is  contained  neither  in 
MiddendorflTe  nor  in  Grimm's  lists,  so  that  probably  one  of  the 
forms  of  D,*eissena  polyinorpha  has  been  mistaken  for  it.     There 
is  no  doubt,  however,  about  the  common  Cockle  {Cardium  edule\ 
nor  of  the  variety  rusiicum^  which  is  found  on  every  coast  of  the 
Caspian,  and  is  also  abundant  in  the  White  Sea.     The  presence  of 
these  northern  species  has  sometimes  been  appealed  to  as  evidence 
of  a  marine  submergence ;  but  it  is  to  be  noted  that  they  are  all 
known  to  live  in  brackish  water,  and  most  of   them  thrive  in 
waters  less  saline  than  that  of  the  open  sea. 

To  this  period,  the  first  stage  in  the  rising  of  the  waters  of  the 
great  lake,  I  think  the  Newer  Steppe  Limestone  of  Murchison  must 
belong.  I  have  not  had  an  opportunity  of  studying  it ;  but  Mur- 
chison states  that  it  forms  the  low  steppes  to  the  north  of  Astra- 
khan, and  that  it  contains  the  bones  of  the  Mammoth. 

The  fliiviatile  beds  at  Taganrog,  and  similar  beds  in  the  Lower 
Danube,  mark  the  continued  rising  and  freshening  of  the  water 

*  Geographical  Distributioii  of  Mammalfl,  p.  662. 
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a»  :i«  ice  c€  the  Atlmtie  and  the  Pacific  Bu>re  dfectoafij  block- 
*iei  tbe  aordbem  oatLets  oi  the  basm.  Thia  sta^  is  wdl  ^nM 
£r  Xinbem  G€rx.inT  br  tbe  vide-«pread  sands,  with  frahvits 
s^-eZs.  VL±\  lie  a:  liie  l^^se  of  the  lowtx  Boulder-clay  bciweeg  tks 
Oi-?T  uii  the  Elbe- 

Tbf  £rvisd>  beds  gradoalh-  merge  upwards  into  moie  s&r 
scr&t^  a=fd  r^iTiT  iato  tbe  uasiraliiied  dOurial  day.  The  vikn 
vere  * :  w  cb.i7?ed  with  mnddy  sedinmit,  tbe  presence  of  wbkb  ttl 
ift  ^  tl-:--^  Sroceitioa  probably  cansed  the  destmctUHi  of  the  fRab> 
wxz^T  TirzZ^zski  orer  most  of  the  aiea  sobmeTired.  Aiwi^^^it  man 
x=.T«mzt  break  in  the  saccession  oi  hfc  u  well  marked  in  Buol 
K:i^  ir  tbe  ^fonh  and  in  the  south  of  that  cotmtry  the  boaies  of  tbi 
M^zia&xh  and  its  aflworiatea  are  found  only  at  the  base  of  the  dih- 
Tiil  ^is.  In  Western  Europe  tbey  oeeor  both  in  the  same  pGH- 
u:s  i^i  in  the  oreriying  ^Middle  Glacial  Sands  and  GraTek'' 
A«  wbftt  f<?cDd  in  the  Utter  fionnatkm  they  oecur  sin^y  and  ire 
rrZec  cr  br^en.  it  is  pffobab^e  that  they  hare  been  washed  oat  of 
t^  dier  dil:rriAl  beds.  As  palsoUthic  man  was  also  the  contcB- 
pcruy  of  these  animih.  there  seems  to  be  a  broad  foundatioB  fer 
tbe  hTTocbe^  I  haxe  adraneed,  that  bis  disappearanoe  from  Europe, 
a»  wril  ss  tLsr  of  die  extinct  mammalu,  was  caused  by  the  same 
enfc: — tbe  nsinjr  of  tbe  frreat  flood  that  overwhdmed  the  whole  of 
X-riLrm  Ecrrpe  cp  to  17*X"  feet  abore  the  present  krel  of  the  tea, 
whilst  C(?t  oi  the  bifher  land  was  oorered  with  ice.  PahEohtbie 
Eiz.  l^^:^ii=L?  to  my  readin|r  of  the  evidenee,  only  lired  in  Europe 

rhe  gsfiis  ir.it  lie  aKxre  the  lower  dOurial  day  at  Taganrog  aze» 
1 1>— r  the  ««^^uv:&Iects  of  the  Middle  Glacial  sands  and  graTclB  of 
V«^err  Eir:c*,  wt'Uh  are  largely  derdoped  in  the  north  of  Gcr- 
Ki&ry  ar^d  i]i  csr  own  country.  They  mariL,  I  beliere,*  the  sudden 
afri  m^r^T^ros  di^han!e  of  the  first  great  lake  by  the  l»eakiiig 
awiT  ci  tbe  xe  dam  of  the  Atlantic  causing  an  enoriDous  rush  of 
wa:^r.  thi:  5wvr<  awiy  much  of  the  diluTial  clay  and  boulder-beds, 
aod  ufAiTiLraed  the  materials,  including  the  implements  of  paheo- 
Ii:hie  cix^  acd  the  bones  of  the  predilnrial  mammals,  in  great 
dte*?:5  o<  cnT^  s{«ead  out  over  tbe  lower  ground  •. 

The  cutlet  to  the  Atlantic  must  hare  been  soon  doeed  up  again, 
aci  the  gre;i:  like  reformed.  The  depostion  of  the  Upper  DiluTial 
C^y  of  N>;itb  Bcssia  and  tbe  Upper  Boulder-day  of  li^ortbem 
£;ir:pe  then  c«>ziKenced.  The  immense  mass  of  sediment  carried 
a$  r±r  a5  tbe  Ka^k  Sea.  and  tbe  distant  transport  of  the  nurtbem 
K,vks  in  the  5a=:e  direetii>n,  are  strong  cridencce  that  tbe  currents 
£ovvvi  Uu:  way  and  towards  the  Straits  of  tbe  Boepborus.  It  it 
there:  ere  prvb«»ble  that  the  waters  were  ultimatdy  lowered  by  tba 
exmT^ition  of  a  channd  betweea  the  Black  Sea  and  the  Jf  edi- 
terraneTin. 

«  S<e  ^.^airt.  J«>cr».  G«v'^  See.  toL  nxii  p.  80.  Tbere  it  toaie  eridoMt  thtt 
tbe  v^:<>r«  rc^^h^  *rrv>s»  Lft&fQcdoe  to  the  wertward,  wbicb  probably  indiottt 
;be  Inrner  o<  m«  ih*t  ga^e  v»7  vm  tbat  betirecn  the  Alpt  ukI  Iht 
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The  fact  that  the  water  that  then  covered  so  much  of  Europe 
carried  such  a  quantity  of  mud  in  suspension  for  hundreds  of  miles 
is  an  additional  argument  in  favour  of  the  conclusion  that  it  was 
not  salt ;  for  we  know  that  sediment  is  rapidly  precipitated  from 
saline  solutions.  These  turhid  waters  appear  to  have  heen  unsuitable 
for  living  creatures ;  for  the  sheUs  contained  in  the  Upper  Diluvial 
Clay  are  either  those  of  land  moUusks  or  of  freshwater  ones  that  live 
in  marshy  places  or  small  pools.  Their  presence  in  the  loess  of  the 
great  valleys  may  be  easily  accounted  for  by  supposing  that  they 
were  washed  down  from  the  slopes  of  the  hills  by  heavy  rains ;  but 
their  distribution  over  the  plains  near  Wolochisk  cannot  be  thus 
explained.  As  I  found  angular  pieces  of  limestone  in  the  same  clay 
at  Wolochisk  that  contained  the  shells,  I  think  it  likely  that  shore- 
ice  breaking  up  in  the  spring,  and  carrying  shells  that  had  dropped 
off  the  reeds  growing  around  the  margin  of  the  lake,  may  have  been 
the  agent  of  distribution,  especially  as  the  Succiiiea  ohlonga,  which 
was  likely  to  abound  in  such  situations,  is  much  the  commonest 
shell  in  the  clays  of  the  Steppe. 

We  have  still  to  inquire  what  became  of  the  Aralo-Caspian  fauna, 
and  how  it  was  preserved  during  the  time  of  the  deposition  of  the 
diluvial  clay.  It  was  certainly  then  banished  from  the  areas  of  the 
Banube  and  the  Black  Sea,  the  water  there  being  both  too  muddy 
and  too  fresh  for  its  existence ;  but  probably  to  the  east  different 
conditions  prevailed.  The  currents  from  the  north,  carrying  in 
suspension  the  fine  detritus  from  the  glaciers  of  Scandinavia  and  of 
Central  Europe,  would  be  all  directed  towards  the  outlet  through 
the  Bosphorus,  and  their  muddy  waters  would  not  extend  far  to  the 
east.  We  may  suppose  that  somewhere  around  the  southern  shores 
of  the  Caspian,  or  still  more  to  the  east,  the  Aralo-Caspian  fauna 
found  a  refuge.  There  are  nxmierous  salt  springs  now  around  the 
Bhores  of  the  Caspian ;  and  in  areas  thus  made  saline  those  species 
that  require  brackish  water  might  be  preserved, 

Br.  Gwyn  Jeffreys  has  kindly  examined  the  shells  I  collected 
in  the  flaviatile,  ^uvial,  and  recent  deposits,  and  furnished  me 
^th  the  following  lists  of  the  species.  The  recent  ones  from  the 
river  Bug  and  the  sea  of  Azof  are  given  for  comparison  with  those 
from  the  fluviatile  beds  and  the  lower  part  of  the  diluvial  clay. 

No.  1.  Upper  part  of  Diluvial  Clay  at  Podwolochisk : — 

Suocinea  oblong,  Drapamaud. 

Helix  hispida,  LtntU. 

HeUx  erioetoruiD,  Muller ;  tut.  minor,  Jeffreys, 

Helix  pulchella,  MuU. 

Pupa  marginata,  Iht^. 

No,  2,  Lower  part  of  Diluvial  Clay  at  Podwolochisk : — 

Suocinea  oblonea,  Drop, 
Helix  hispida,  £. 
Pupa  marginata,  Drop, 
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No.  3.  Picked  out  of  rain-wash  on  talos-slope  of  DilTiTiil  Clav  at 
Podwolochisk,  same  as  in  No.  1,  with  the  addition  of 

Vertigo  edentola,  Lrap, 

No.  4.  Lower  part  of  DQuvial  Clay  at  Taganrog : — 

lithoglyphus  naticoides,  Firvasac. 

BithiniaXeachii,  Sheppctrd, 

Melania,  sp.  (fragment). 

Fairbankia,  sp. ;  allied  to  F.  bombajana,  Bia^fard. 

Valvata  piacinalis,  MiUl, 

Valvata  maorostoma,  Steinbuch, 

Valvata,  sp. 

Planorbds  albas,  MuU, 

Planorbis  epirorbis,  L, 

Planorbis  complanatus,  Z. 

Sucdnea  oblonga,  Drop, 

Helix  pulcbella,  Mull. 

Helix,  sp.  (fragment). 

No.  5.  Sands  below  Diluvial  Clay  at  Taganrog : — 

Dreissena  poljmorpba,  Pallas. 

Spbaerium  rivicola,  Leack. 

Spbjerium  solidum,  Normand, 

Unio  pictorum,  L, ;  Tar.  elongata,  v.  MiiUfeldi. 

Unio  crossuB,  NUstion, 

Anodon,  sp. 

Cardium  edule,  L.  (fragment). 

Adaona  edentula,  PalL  (fragments). 

Litboglyphus  naticoides,  Fir. 

Paludina  rivipara,  L. 

Paliidina  lenta,  Brander  =  P.  miicolor,  OHvi. 

Hydrobia,  sp. 

Valvata  piscinalis,  MUll. 

Planorbis  complanatus,  Z. 

No.  6.  Becent  shells  from  sand  taken  out  of  the  river  Bug : — 

Spbffirium  rivicola,  Leach. 
Xfnio  pictonim,  L, 
Unio  crasBUs,  NiUs. 
Unio  batavus,  Hilxs. 
Neritina  fluviatilis,  Z. 
Litboglypbus  naticoidee.  Fir, 
Bitbinia  tentaculata,  Z. 
Melanopeis  Esperi,  Fir, 
Melanopeis  acicolaris,  Fir, 

No.  7.  Recent  shells  from  the  beach  of  the  Sea  of  A«>f : — 

Dreissena  poljmorpba,  Pall. 

Unio  pictormn,  L. ;  var.  elongata,  v.  AftAlfeldt, 

Anodon,  sp. 

Cardium  edule,  Z.  (valve). 

Adacna  edentula,  Pall. 

Paludina  vivipara,  Z. 

Limnea  peregra,  Mull, ;  var.  maritima,  Jeffreys, 
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Discussion*. 

Mr.  Dkew  said  he  should  like  to  know  by  what  marks  Mr.  Milne 
knew  the  effects  of  the  coast-ice.  He  thought  that  Mr.  Belt's 
theory  was'  the  same  that  that  gentleman  brought  forward  about 
three  years  ago ;  from  the  same  data  he  had  himself  drawn  very  dif- 
ferent conclusions.  The  supposed  lacustrine  deposits  of  Mr.  Belt  are 
formed,  he  thinks,  by  the  damming  up  of  an  immense  expanse  of 
water  hy  an  ice  barrier.  Mr.  Drew  thought  it  was  really  fluviatUe, 
and  deposited  by  one  or  many  rivers.  The  surface  of  the  deposits 
in  the  plain  of  the  Danube  follows  the  river- valley  at  a  higher  level 
than  the  present  bed ;  and  it  was  formed  by  material  brought  down 
the  slopes  of  the  watershed.  Mr.  Drew  illustrated  his  views  by 
reference  to  the  Punjdb  and  the  plains  of  India. 

Prof.  pRBSTWicH  agreed  with  Mr.  Drew  in  his  explanation  of  the 

phenomena  described  by  Mr.  Belt,  and  said  that,  from  what  he  knew 

of  Western  Europe  he  believed  that  all  such  deposits  as  those  described 

by  Mr.  Belt  may  be  explained  by  supposing  them  to  be  thrown 

down  in  old  river-valleys.     In  England  these  fluviatile  beds  rise  to 

100  or  150  feet,  and  in  France  still  higher.     In  the  flat  country 

dealt  with  by  Mr.  Belt  the  deposits  would  extend  to  a  great  distance. 

Mr.  Milne  had  described  his  ice-scratches  as  at  right  angles  to  the 

coast-line,  but  in  most  instances  in  inland  striatiou  the  striae  were 

parallel  to  the  coast-line.     Had  the  rise  of  the  land  been  very  slow 

the  marks  might  have  been  obliterated ;  but  if  the  rise  were  rapid 

the  marks  would  not  be  effaced. 

Prof.  JxTDD  stated  that  he  knew  the  beds  referred  to  in  the  valley 
of  the  Danube,  and  that  the  phenomena  as  worked  out  by  the 
native  geologists  gave  great  support  to  the  explanation  offered  by 
Mr.  Drew  and  Prof.  Prestwich.  The  most  remarkable  individuality 
in  the  mud  of  each  river-valley  had  been  demonstrated. 

Mr.  Hicks  compared  Mr.  Belt's  sections  with  those  of  similar 
*     deposits  in  the  east  of  England. 

Mr.  Whit AKER  said  he  had  been  for  some  years  engaged  in  the 
detailed  examination  of  comparatively  small  areas,  in  England,  and 
sometimes  had  not  been  able  to  make  up  his  mind  as  to  the  age  of 
some  of  the  Drift  beds  therein.  There  were  glacicd  beds,  postglacial 
beds,  and  beds  of  which  no  one  can  say  whether  they  are  or  are  not 
glacial.  The  difficulty  thus  experienced  in  interpreting  a  small  area 
which  had  been  almost  exhaustively  examined,  made  him  suspicious 
of  these  broad  generalizations  from  a  few  observed  sections. 

Admiral  Spratt  remarked  that  Mr.  Belt's  sections  reminded  him 
of  many  he  had  himself  seen.  The  river-theory  seemed  to  be  plau- 
sible and  good ;  but  large  rivers  if  i)onded  up  make  freshwater  lakes. 
The  sands  and  muds  are  very  soft  and  fine,  and  would  float  to  a 
great  distance,  like  the  Nile  mud.  False-bedding  shows  river- 
action  in  the  lower  beds  or  movement  in  shallow  water.  The  shells 
found  by  him  in  Bulgaria  were  perfectly  lacustrine  in  character ;  and 

*  This  discussion  applies  also  to  a  paper  by  Prof.  John  Milne,  read  on  the 
same  eyening.    See  p.  930. 


Digitized  by  VjOOQIC 


862  T.  BELT  ON  THE  STEPPES  OF  SOVTflEBB  BTXaSIA. 

he  found  the  Dreissina  and  a  Cardium-hke  shell  in  lakes  ne&r  the 
Danube. 

Prof.  MoRBis  said,  with  reference  to  Admiral  Spratt^s  remarkB 
about  the  sheUs,  that  there  were  several  distinct  conditions  to  be 
considered,  and  especially  whether  the  sheUs  were  thoie  of  in- 
habitants of  lakes,  rivers,  or  brackish  water.  The  Dreissena  and  the 
CardiumAike  shell  referred  to  were  modified  brackish- water  farstf. 
Then  he  should  like  to  know  whether  the  specimens  of  Phnwiis 
were  mixed  with  the  others,  and,  farther,  what  were  the  relatioos 
of  the  shells  found  below  the  diluvium  to  those  now  living  in  tike 
same  areas. 

Admiral  Spratt  stated  that  his  Planorbes  were  certainly  mixed 
with  the  others,  and  that  the  shells  found  below  the  dilaviom  seemed 
to  him  to  be  identical  with  those  now  living. 

Mr.  Belt,  in  reply,  said  that  most  of  the  arguments  brought  for- 
ward were  already  answered  in  his  paper.  From  the  marine  Mioeene 
beds  there  was  a  regular  sequence  up  to  the  fireshwater  beds  with 
Paludina  and  Melanapsis.  Then  there  was  a  great  gap ;  the  waJben 
of  the  old  Aralo-Caspian  sea  were  lowered,  and  the  above-m«itioned 
beds  denuded.  The  next  stage  was  the  filling  up  of  the  basin  again 
by  the  waters  from  which  the  diluvial  beds  were  deposited,  and  a 
great  destruction  of  life.  He  agreed  in  the  main  with  Admiral 
Spratt's  remarks,  and  had  studied  the  beds  referred  to  by  Prof. 
Judd,  which  he  considered  were  just  such  as  would  be  filmed  at 
the  mouths  of  streams  emptying  into  a  lake. 

In  regard  to  river-basins,  he  agreed  with  Prof.  Prestwidi  that 
much  might  be  said  in  favour  of  their  agency  in  the  deposition  of  the 
gravels  and  clays  that  fringe  their  valleys ;  but  in  Russia  the  dilu- 
vium covers  the  whole  country,  and  extends  across  the  watersheds. 
The  northern  blocks  have  been  carried  in  the  opposite  direction  to 
the  flow  of  the  northern  rivers ;  and  for  their  transport  a  wide  sea- 
like expanse  of  water  is  required. 

The  President  remarked  that  Sir  Joseph  Hooker,  who  first  wrote 
on  the  Himalayas  in  connexion  with  the  present  subject,  had  stated 
that  there  is  a  complete  absence  of  glacial  striae,  which  is,  no  doubt, 
due  to  rapid  waste.  For  himself  he  had  been  startled  by  the 
amount  of  life  proved  to  exist  within  15*^  or  16°  of  the  North  Pole 
in  shallow  water;  and  Dr.  Giinther  had  recently  described  a 
species  of  Char  from  a  lake  which  is  frozen  for  many  months  in 
the  year. 
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46.  On  the  Occitkbence  of  a  Macbxtbous  Decapod  (AuTHBAPALfiMoir  ? 
WooDWAEDi,  sp.  nov.)  in  the  Red  Saihwtone,  or  lowest  gkotjp, 
of  the  Cabboiofebous  Fobmation  in  the  South-east  of  Scotlatjd. 
By  R.  Ethebidoe,  Esq.,  Jun.,  F.G.S.     (Eead  May  9,  1877.) 

(Communioated  with  the  permission  of  the  Director-C^eral  of  the  Qeologioal 
Survey.) 

[Plate  XXVIL] 
1.  Intboduction. 

I  HAVE  had  the  honour  on  two  previous  occasions  (with  the  per- 
mission of  the  Director-General  of  the  Geological  Survey)  to  bring 
under  the  notice  of  the  Society  two  important  additions  to  the  Car- 
boniferous fauna  of  Scotland,  Astrocrinites?  Benniei  (mihi),  and 
Froductu^  compltctens  (mihi).  Again  the  pleasure  devolves  upon 
me  of  caUing  attention  to  a  further  discovery  of  considerable 
palaeontological  interest — the  occurrence  of  a  Macrurous  Decapod, 
probably  referable  to  the  genus  Anihrapalcemon^  Salter,  in  the  base- 
ment beds  of  the  Carboniferous  formation,  as  developed  in  the 
neighbourhood  of  Dunbar. 

To  the  prolific  hammer  of  Mr.  James  Bonnie,  whilst  engaged  in 
his  duties  as  one  of  the  collectors  of  the  Geological  Survey  of  Scot- 
land, we  are  again  indebted  for  the  valuable  and  unique  fossil  in 
question.     The  specimen,  with  its  counterpart,  was  forwarded  by 
Mr.  Bonnie  as  a  Crustacean,  amongst  a  collection  of  plants  from  the 
!Red  Sandstones  of  Belhaven  Bay,  near  Dunbar.     I  at  once  saw  that 
it  was  not  only  a  Crustacean,  but  a  member  of  one  of  the  higher 
divisions  of  the  class, — a  fact  of  very  considerable  interest,  in  so 
far  that  it  extends  the  range  of  the  Macrura,  if  I  am  correct  in  so 
referring  the  fossil,  downwards  to  a  lower  horizon  than  they  have 
hitherto  occurred  at  in  this  country.      After  a  careful  examina- 
tion,  I  came  to  the  conclusion  that  the  form  was  closely  allied  to 
Salter's  genus  Anthrapalcemon^  and,  in  the  absence  of  any  further 
evidence  than  is  a£forded  by  the  specimen,  must  be  regarded  as  a 
species   of  the  latter;   this   I   hope  to  prove   in  the  succeeding 
remarks. 

following  the  plan  adopted  in  my  previous  conmiunications,  I 

shaU  commence  by  giving  an  outline  of  the  Bibliography  not  only 

of  the  Palaeozoic  Decapoda,  but  of  the  Malacostracous  Crustacea 

generally  of  the  older  rocks,  with  the  view  of  bringing  forward  any 

points  which  may  tend  to  show  an  alliance  of  our  fossil  with  any  of 

the  orders  other  than  the  Decapoda ;  secondly,  a  description  of  the 

fossil  -will  be  given  ;  thirdly,  its  generic  affinities  will  be  dwelt  on  ; 

and  lastly,  a  few  remarks  on  the  geological  horizon  will  be  made. 

I  have  endeavoured  to  give  as  complete  a  Bibliography  as  possible. 

Xo  those  authors  whose  writings  I  have  overlooked,  my  apologies  are 

due  for  so  doing ;  it  will,  however,  be  due  to  difficulties  in  obtaining 

some  of  the  rarer  works  of  reference. 
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considered  to  have  the  closest  analogy  with  the  Amphipoda,  and  is 
described  as  possessing  a  free  head,  and  from  twelve  to  fourteen 
body-segments,  with  fringed  caudal  appendages  attached  to  the 
telson.  The  eyes  are  sessile  ;  and  there  are  two  pairs  of  antennse, 
an  inner  and  an  outer.  The  first  pair  of  appendages  preserved  in 
the  specimen  is  remarkable  for  strength  and  distinctness  of  the 
joints,  which  are  apparently  five.  The  structure  of  this  Crustacean 
is  described  at  considerable  length. 

1848.  Dr.  H.  G.  Bronn  entered  in  his  Catalogue  the  two  following 
forms  * : — 

Apus  dubius,  Prestwick  :  p.  90. 

Bostrichopus  antiquus,  Ooldfuss :  p.  172. 

1848.  Herr  K.  Eichter  described  from  the  "  Grauwacke  "  of  the 
Saalfeld  neighbourhood  (?  Upper  Devonian),  a  badly  preserved 
Crustacean,  under  the  name  of  Oxtocrangon  granulatus,  which,  he 
considered,  showed  a  transition  from  the  Macrura  to  the  Bra- 
chyura  +.  The  carapace  is  divided  into  three  chief  regions  by  two 
transverse  divisions,  the  foremost  of  which  forms  a  deep  sulcation 
backwards  on  the  anterior  part  of  the  carapace.  The  posterior  edge 
of  the  latter  is  excavated  for  the  reception  of  the  body-segments, 
which  are  seven  in  number.  The  telson  (if  the  three  longitudinal 
folds  can  he  so  called)  is  small  and  inconspicuous. 

1848,  In  a  review  of  Dr.  H.  Jordan's  preceding  paper,  "  Ent- 
deckong  fossiler  Crustaceen  im  Saarbriicken'schen  Steinkohlen- 
gebirge,'*  the  writer  considers  that  the  analogies  of  Qampsonyx  fim^ 
hriatus  should  be  sought  for  amongst  the  long-taileid  Decapods 
rather  than  the  Amphipoda:^. 

1850.  Dr.  H.  G.  Bronn,  in  a  paper  "  Ueber  Oampsonyx  fimhriatus 
(Jordan)  aus  dem  Steinkohlen-Formation  von  Saarbriicken  und  dem 
Murg-Thal  *'  §,  pointed  out  that  the  fore  part  of  the  body  was 
segmented,  and  not  coalesced  into  a  cephalothorax,  and  that,  irre- 
spective of  head  and  tail,  there  are  fourteen  segments.  He  con- 
sidered this  Crustacean  to  be  an  Amphipod  or  Isopod,  but  pos- 
sessing more  the  characters  of  the  former,  whilst  the  five-lobed 
telson,  amongst  other  peculiarities,  points  to  the  Macrura. 

1852.  Dr.  A.  Quenstedt,  in  his  useful  '  Handbuch  der  Petrefac- 
tenkunde,'  gave  a  figure  of  Oampsonyx^  and  placed  it  amongst  the 
Isopods||. 

1854.  In  the  second  edition  of  Prof.  Morris's  *  Catalogue  of 
British  Fossils,'  Mr.  J.  W.  Salter  summed  up  the  known  species  of 
British  Carboniferous  Macrura  %  as  follows : — 

Apus  dubius,  Prestwick^  Geol.  Trans.  2nd  ser.  vol.  v.  pi.  49.  f.  9. 
?  Cancer,  sp.,  Ich^  Quart.  Joum.  Geol.  Soc.  1845,  i.  p.  199. 

*  Index  Pal.  Nomenclator.  1848. 

t  Beitrag  zur  Palaontologie  des  Thuringer  Waldes;  Die  Grauwacke  des 
Bohlena  und  dee  Pfaflfenberges  bei  Saalfeld.  I.  Fauna :  4to,  p.  43,  pi.  1.  figa.  1-4 
t  Neues  Johrbucb,  1848,  p.  126. 
I  Ibid.  1860.  p.  575. 
1  P.  277.  pL  21.  f.  7. 
T  P.  111. 
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1854.  A  celebrated  paper  appeared  daring  this  year  bj  Dn.  H. 
Jordan  and  H.  yon  Meyer,  on  Oampsonyx  Jimbriatvs — **  Ueber  ifie 
Grustaceen  der  Steinkohlenformatiou  von  Saarbnicken  "  *.  Thej 
consider  Oampsonyx  to  be  an  Ampbipod  with  the  di&raeAen  oi  ti« 
Decapoda,  especially  of  the  subdivision  Maomra.  Hie  normal 
number  of  somites  is  fifteen ;  and  the  antennse  four,  an  inner  sod 
outer  pair,  the  former  double,  the  latter  simple  and  lon^.  The  first 
pair  of  feet  are  strong  and  longer  than  the  others,  and,  instead 
of  a  chela,  are  furnished  with  a  small  daw-like  prooesa.  Hie 
first  pair  of  appendages  is  attached  to  the  first  or  second  somite, 
and  the  second  pair  to  the  third  somite.  Each  of  ^e  foliowing 
segments  carries  a  pair,  the  fourth  to  the  serenth  and  perhaps  the 
eighth  pair  being,  like  the  third,  forked.  The  telson  is  temun^ed 
by  two  large  subdivided  caudal  appendages. 

1854.  A  further  discovery  of  specimens  resembling  Schlotheim  f 
obscure  TrUobites  probtematicus,  enabled  Baron  von  Sdiaoroth.  to 
propose  for  it  a  new  genus,  Fakcocrangon  f.     He  describes    the 
cephalothorax,  when  divested  of  its  outer  int^ument,  as  divided 
into  a  '^  head-shield "  and  '^  breast-shield,''  the  former  being  the 
smaller  of  the  two,  and  overlapped  by  the  latter,  which  is   the 
largest  of  all  the  segments  of  tiie  body.     A  smooth  sharp   keel 
occupies  the  median  line  of  the  head-  and  breast-shield ;  and  the  body- 
segments  also  show  traces  of  it.     The  front  of  the  head-shield  ts 
ornamented  with  knotty  elevations,  whilst  the  breast-shield  is   in 
places  shagreened.     On  the  posterior  portion  of  the  breast-shield 
there  is  a  transverse  swelling  parallel  to  the  first  body-«^:menl. 
The  carapace  (=  head-  and  breast -shield  combined)  is  somewhat 
triangular  in  profile,  and  on  its  outer  surface  is  shagreened  and 
besprinkled  with  tubercles.    The  body-segments  are  small,  and  are 
convex  in  their  anterior  half  and  concave  in  their  posterior  halL 
Yon  Schauroth  considers  that  the  general  form,  the  median  keel, 
and  segmented  body  indicate  an  affinity  with  the  Becapoda ;  the 
form  and  order  of  the  body-segments  remind  one  of  the  Isopoda. 
From  the  Zechstein  dolomite  of  Gliicksbrunn. 

1854.  Sir  W.  Trevelyan,  in  an  Address  to  the  Members  of  the 
Tyneside  Naturalists'  Field-Club,  at  their  eighth  annivenary 
meeting,  announced  the  discovery  by  Mr.  J.  W.  Kirkby  of  the  ta^ 
of  a  Macrurous  Crustacean  in  the  Permian  Limestone  near  Sun- 
derland t. 

1854.  In  the  second  volume  of  his  '  Traits  de  Paleontologie '  Sx^ 
Prof.  F.  J.  Pictet,  under  the  heading  "  Decapodes  mal  connus," 
places  the  Devonian  Oitocrangan  granulatus^  Richter  §.  Oampsonyx 
was  regarded  by  him  as  an  Ampbipod ;  and  ho  remarks  that,  if 
Jordan's  description  is  correct,  it  should  be  so  regarded,  or  as  an 
Isopod,  and  not  as  one  of  the  Macrura,   as  placed  by  Bronn  [,, 

.  *  PalflBontographioa,  Jan.  1854,  vol.  iv.  pp.  1-16,  pL  i. 
t  '*  TSm  Beitrag  Ear  Palaontologie  dee  deutaohen  ZecSosteingoljirgw,*  Zmtacfaiifb 
d.  deuUchen  geol.  Qesellschaft,  toI.  tI.  p.  560. 

\  Trans.  I^eaide  Nat  F.  Club,  vol  li.  1851-54,  p.  338. 
i  2nd  edition,  toL  ii  p.  461. 
I  Ibid.  p.  464. 
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Jipus  dubius,  Preetwich,  is  placed  amongst  the  Phyllopods^  with  the 
remark  that  perhaps  it  belongs  to  the  LimuUdcB. 

1S55.  In  the  5th  edition  of  Sir  C.  Lyell's  '  Element*  of  Geology,' 
Mr.  Salter  figured  one  of  Dr.  Ick's  before-mentioned  fossils  as 
OJyphea  d%dna*y  and  considered  it  identical  with  Apus  dubiut^ 
Prestwich. 

1855.  An  important  paper  was  contributed  by  Dr.  H.  Burmeister 
on  Gampsonyx  findniatuBj  Jordan.  According  to  this  author  the 
name  Gampsonyx  was  in  use  by  Swainson  for  a  genus  of  Ealconidse 
before  its  adoption  by  Jordan  for  the  above  Crustacean ;  Burmeister 
therefore  changed  it  to  Ghmpscnychus  t.  A  very  fuU  description 
is  given  in  Bunneister's  paper,  accompanied  by  several  figures.  He 
took  it  to  be  a  Stomapod  approaching  in  some  characters  to  the 
recent  Schizopoda. 

1856  (51-).  In  the  Srd  edition  of  the  '  Lethsea  Geognostica,' 
I>ra.  H.  G.  Bronn  and  E.  Edmer  place  Gampsonyx  among  the  Stoma- 
poda,  adopting  Burmeister's  name  Gampsonychns  $.  They  consider 
that  this  genus  unites  by  its  characters  the  Amphipoda  and  Decapoda, 
especially  the  subdivision  Macrura  of  the  latter.  The  distinct  head 
and  thorax,  without  any  coalescence  into  a  cephalothorax  recalls  the 
Amphipoda;  whilst  the  antennsB,  appendages,  and  divisions  of  the 
telson  are  especially  Macruran.  Pakeocrangon^  v.  Schauroth,  is  placed 
amongst  the  geneixi  incertce  sedis,  and  the  authors  doubt  the  pro- 
priety of  referring  it  to  the  Decapoda.  The  genus  Bostrichopus^ 
Goldfuss,  IB  also  placed  here ;  ind^,  so  careful  are  the  authors  in 
this  instance,  that  they  merely  call  it  a  Crustacean  §. 

1856.  In  their  useM  and  complete  work,  *  Die  Versteinerungen 
des  rheinischen  Schichtensystems  in  Nassau,'  Drs.  G.  &  E.  Sand- 
bei^er  adopt  Burmeister's  view  of  Bosirichopus^  that  it  is  an  Isopod, 
and  give  a  description  and  good  figure  of  it  ||. 

1857.  The  remains  of  the  Macrurous  Decapod  mentioned  by  Sir 
"W.  C.  Trevelyan  as  found  by  Mr.  J.  W.  Kirkby,  were  referred  by  the 
latter  to  Schlotheim's  TrUohites problematicus  % ;  but  instead  of  adopt- 
ing for  it  V.  Schauroth's  name  of  Pakeocrangon^  Mr.  Eirkby  proposed 
a  new  one,  Prosoponiscuis,  The  author  states  that  Mr.  C.  S.  Bate 
referred  the  form  to  the  Isopoda,  and  considered  that  in  the  position 
of  the  eye  it  differed  from  all  larval  and  adult  Isopods,  but  assumed 
rather  the  former  than  the  latter  character. 

1857.  When  describing  Pygocepkalus  Cooperi^  Prof.  Huxley  ♦♦ 
stated  his  belief  that  in  it  we  had  the  first  certain  evidence  of  the 
existence  of  the  Podophthalmia  at  so  early  a  date  as  the  Carboni- 
ferous ft;  it  IB  probably  allied  to  Mysis^  and  should  be  placed 
either  amongst  the  lower  Decapoda  or  Isopoda.  "  One  end  of  the 
body  is  much  broader  than  the  other,  and  has  the  form  of  a  semi- 

«  P.  388,  f.  501. 

t  Abh.  d.  naturforsch.  Gesdlschafk  fu  Halle,  1855,  toI.  ii.  pp.  191-200, 
pi.  10. 

}  P.  672.  §  P.  678.  J  P.  2,  t.  i.  f.  1. 

c  "  On  8ome  Permian  Fossils,"    Quart.  Journ.  €^eol.  Soc.  xiii.  n.  213. 

**  "Description  of  aNew  Crustacean  (Pygocepkalus  Cooperi,  HuJey)  from  the 
Coal-measures,"  Quart  Joum.  Geol.  Soc  xiii.  p.  363,  pL  13.        tt  r.  369. 
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circular  disk,  . .  .  the  opposite  end  has  the  appearance  of  a  qii.adnte 
disk."  Between  these  two  disks  "  lies  the  central  postioa  of  ^ 
body,  divided  into  a  series  of  segments.  Two  pairs  of  appendages, 
one  large  and  one  small,  are  attached  to  the  extremity  of  ^ 
quadrate  disk,  while  a  number  of  slender  limbs  are  connected  with 
the  sides  of  the  segmented  part  of  the  body." 

1859.  Mr.  C.  Spence  Bate,  in  a  paper  "  On  the  Fossil  Crastaeean 
found  in  the  Magnesian  Limestone  of  Durham  by  Mr.  J.  W.  Kirkby '"•, 
reconsiders  the  affinities  of  Palaocrangon  (Prosoponiseus)  pr^ 
blematicus^  and  refers  it  to  the  Amphipoda  near  to  Pluxdra  aniiqmA^ 
S.  Bate,  rather  than  to  the  Isopoda. 

1861.  Attached  to  the  ilev.  T.  Brown's  paper  "  On  the  Mountain 
Limestone  and  Lower  Carboniferous  Bocks  of  the  Fifeshire  Coast  "**•, 
Mr.  J.  W.  Salter  gave  a  description  and  figure  of  a  shrimp-like 
Crustacean,  UronecUs  socialis,  found  by  Mr.  Brown  in  the  Ardross 
Limestone,  near  Elie,  Fife,  and  considered  it  to  be  allied  to  GtEmp- 
sonychus  fimhriatuSy  Jordan,  but  with  much  fewer  segments.  There 
are  seven  body-rings  and  a  minute  telson,  with  a  few  scattered 
appendages.     The  head  was  elongated. 

1861.  A  revision  of  the  higher  Carboniferous  British  Cro^aeea 
was  given  by  Mr.  Salter  ^,  in  which  he  established  the  genus  Antkrm^ 
pal(Bmon  for  a  Crustacean  from  the  Lanarkshire  Coal-field,  A,  Grog- 
sarti,  Salter  §.     The  carapace  is  well  marked,  with  a  strong  central 
ridge,  projecting  anteriorly  into  a  thick  spine ;  and  the  front  margins 
are  serrate.     Ttie  outer  antennae  bave  wide  square  basal  joints.    The 
abdomen  consists  of  six  somites,  broad  and  short.  A  second  species  of 
Anthrapalofmon  is  figured  ||,  of  a  more  elongated   form,   with  a 
smooth  carapace.     Under  Anthrapudixmon  was  established  a  sub- 
genus, Palasocarabtts,  for  the  reception  of  Apvs  dubinsj  Prestwieh^. 
Mr.  Salter  further  showed  that  one  of  the  specimens  exhibited  to 
the  Society  many  years  ago  by  Dr.  Ick  was  identical  with  i\ii»- 
carabus  dubius,  and  that  the  other  was  the  afterwards  described 
Pygoc^phalus  Cooperi,  Huxley.     Finally,  for  the  shrimp-like  Crus- 
tacean from  the  Fifeshire  Lower  Carboniferous  beds  (Uronectet't 
socialis),  the  name  Palceocrangon  was  proposed  **.    The  carapace  it 
short  and  pointed,  and  the  telson  smdl,  with  narrow  and  oborate 
caudal  appendages.     The  much  smaller  number  of  somites,  6  or  7, 
separates  Uronedesl  socialis  from  Oampsonychus  fimhriatus^  irrespec- 
tive of  other  characters.     "With  reg^  to  Oitocrangon  of  Bichter, 
Mr.  Salter  appears  to  have  doubted  its  Crustacean  diaracter  at  all, 
and  remarks  of  the  Fifeshire  fossil,  that  ^'  no  Decapod  had  up  to  that 
time  been  found  in  the  lower  shales  of  the  Carboniferous." 

1862.  A  second   example  of  Pygocephalus  was  found  in  shale 
about  three  fathoms  above  the  Hurlet  or  Nittshill  Coal  of  the  Lower 

*  Quart  Joum.  GeoL  Soc.  xv.  p.  137,  pi.  vi. 
t  Trans.  Royal  Soc.  Edinburgh,  xxii.  p.  385. 

X  *'  On  some  of  the  Higher  Crustacea  from  the  British  Coal-measures,* 
Quart.  Journ.  G^eol.  Soc.  xrii.  p.  528. 

•  Tom.  cit.  p.  530  &  p.  53L  f.  1-4.  B  P.  531.  f.  5. 
P.  532  &  p.  53L  f.  6&7.  ♦*  P.  533  &  p.  531.  t  a 
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CarbonifeTOOs  limestone  group  near  Paisley,  and  was  provisioi^ally 
described  by  Prof.  Huxley  as  referable  to  his  type  species  P« 
Cooperi  ♦. 

1863.  From  the  Devonian  beds  of  St.  John's,  Nova  Scotia,  Mr. 
Salter  described  a  Crustacean^  which  he  surmised  might  be  a  Stoma- 
pod,  with  an  oblong-oval  carapace  rounded  in  front,  a  thorax  of 
9  (?)  segments,  and  a  semicircular  tail-piece,  as  Amphipeltis  para- 
dojcusf.  Another  form,  of  which  the  carapace  is  unknown,  is 
represented  by  five  segments  and  a  large  triangular  and  spinous  tail- 
piece, with  two  pairs  of  simple  ovate  appendages,  for  which  is  pro- 
posed the  name  of  Diplostylus  DatmoniX*  It  appears  to  be  an 
Isopod,  allied  to  the  recent  Sphoeroma,  and  also  to  the  Hyperina- 
group  amongst  the  Amphipods ;  it  is  from  the  Coal-measures  of  the 
Boath  Joggins,  Nova  Scotia. 

"When  proposing  Palceocrangon  for  the  Fifeshire  Uronecies  ?  sodaUs^ 
Mr.  Salter  overlooked  the  previous  adoption  of  this  name  by  Baron 
von  Schauroth  for  a  distinct  Permian  fossil ;  he  therefore,  in  the 
paper  now  under  consideration,  changed  it  to  Crangopsis  §. 

1863.  Mr.  Salter,  again,  contributed  another  memoir  towards  our 
knowledge  of  the  older  higher  Crustacea — "On  a  New  Crustacean  from 
the  Glasgow  Coal-field  "  ||,  in  which  was  described  PaI<Bocarabn8  BuS' 
seUianus,  from  the  Palace-Craig  Black-band  Ironstone  (Coal-mea- 
Biire8)ir»  Paloeocarahus,  previously  described  as  a  subgenus  ofAnthra^ 
jHdcemon,  was  here  raised  to  generic  rank,  and  was  distinguished  from 
the  latter  by  having  a  complete  cervical  furrow  and  ridge,  as  against 
a  faint  cervical  furrow  and  incomplete  ridge  in  Anthrapalcemon,  In 
both  the  ridge  is  produced  anteriorly  into  a  thick  serrated  spine. 

1865.  In  a  "  Notice  of  some  New  Types  of  Organic  Remains  from 
the  Coal-measures  of  Dlinois,"  Messrs.  Meek  and  Worthen  describe 
two  genera  which  must  be  noticed  here,  Acanthotelson  and  Palceo^ 
caris**.  In  the  former  the  thoracic  and  abdominal  segments,  except 
the  last,  do  not  differ  materially  in  length,  and  each  is  shorter  than 
the  head.  The  telson  is  simple,  long,  and  spiniform  tf.  In  the 
second  form  the  head  is  about  as  long  as  the  first  two  abdominal 
segments,  and  the  telson  long,  tapering,  and  horizontally  flattened. 
According  to  Messrs.  Meek  and  Worthen,  Acanthotelson  combines 
the  characters  of  the  Amphipoda  and  Isopoda,  and  should,  perhaps, 
be  placed  in  Dana's  intermediate  group  the  Anisopoda,  amongst  the 
Tetradecapoda.  Palceocaris  is  also  provisionally  placed  in  the 
Tetradecapoda^  although  it  may  perhaps  be  a  low  type  of  the  Deca- 
poda.  There  is  no  trace  of  a  carapace ;  the  thorax  is  divided  into 
seven  segments,  like  those  of  tbe  abdomen,  and  each  is  provided  with 
a  x^ir  of  legs. 

•  "  On  a  Stalk-eyed  Crustacean  from  the  Carboniferous  Strata  near  Paisley,** 
Quart.  Joum.  GeoL  Soc.  xviii.  p.  420. 

t  "  On  some  Fossil  Crustacea  from  the  Coal-measures  and  Deronian  Bocks 
of  British  North  America,"  Quart.  Joum.  Gteoh  Soc.  xix.  pp.  76  &  79,  f.  11. 

iLoc.  cU.  pp.  77  &  79,  f.  6.  §  Ibid.  p.  80. 

Quart  Joum.  Geol.  Soc.  xix.  p.  519.  •|1  Ibid.  p.  620,  f.  1  &  2. 

»  Proc.  Acad.  Nat  Sciences,  Philadelphia,  1866,  pp.  46  &  48. 
tt  Ibid.  p.  60. 

Q.J.G.8.  No.  132.  3l 
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Under  the  Macnira  the  authors  deBcrihe  Anthrapala^wm  ?  graetlU, 
which  differs  from  A.  Grossarti^  Salter,  in  the  absence  of  the 
central  spine  and  in  the  structure  of  the  antennae,  althoo^  it 
possesses  the  serrated  lateral  border  of  the  carapace.  Prof.  Bans, 
Messrs.  Meek  and  Worthen  tell  us,  considers  Anthrapalcemon  to  he 
more  nearly  allied  to  j^ha  and  Oalathea  than  to  Palofnum,  These 
forms  are  all  from  the  base  of  the  Coal-measures  of  Grondj  Conntr, 
Illinois. 

1866.  Messrs.  Meek  and  Worthen  again  published  descripdccs 
of  the  before-mentioned  fossils,  but  now  accompanied  vrith  grood 
figures  and  supplementary  remarks  bearing  on  them,  in  the  Beccmd 
volimie  (Palaeontology)  of  the  Illinois  Geological-Survey  Beport,  » 
follows : — 

Acanthotelson  Stimpeoni,  M.  ^  W.  p.  401,  t  32.  f.  6,  a-L 

„         inaequalis  „  p.  403,  t  33.  f.  7. 

Palaeocaris  typus,  if.  Sf  W,  p.  405,  t.  32.  f.  6,  ar-d. 
Anthrapalaemon  gracilis,  M,  ^  W,  p.  407.  t.  32.  f .  4, 

1867.  Mr.  H.  Woodward  follows  Prof.  Huxley  in  placing  J^goee- 
phdlus  near  Mysis  among  the  lower  Decapoda,  and  does  not  consider  it 
to  have  any  affinities  with  the  Stomapoda*.  The  cephalothorax  has 
seven  pairs  of  appendages,  and  two  pairs  of  external  mouth-organs. 
Each  appendix  consists  of  two  parts — the  limb  proper,  or  endopodite, 
and  a  filamentous  appendage,  or  exopodite.  Both  the  antennae  and 
antennules  have  two  basal  joints,  witii  a  broad  oval  scale  extemaDy. 
The  epimera  of  the  abdominal  somites  are  produced  to  a  point.  Mr. 
Woodward  shows  that  there  are  no  differences  of  generic  value  be- 
tween Anihrapalctmon  and  PaUeocarabus,  as  imagined  by  Salter, 
and  that  the  latter  must  be  reduced  to  a  synonym  of  the  former. 

1868.  In  a  "  Supplementary  Note  on  some  of  the  Grundy-Coonty 
Crustacea,  &c.,  formerly  described "  t,  Messrs.  Meek  and  Worthen 
give  some  additional  information  on  the  genera  AcanihoUhon  and 
Pdlceocaris,  and  propose  a  new  species  of  the  former  genus,  A.  Evrnu 

1868.  The  third  volume  of  the  Illinois  Geological-Survey  Beport 
contains  further  notes  and  figures  of  the  curious  Crustaceans  of 
Grundy  County,  Illinois^,  including  a  figure  of  the  new  species 
Acanthotelson  Event,  The  sum  of  the  evidence  at  the  disposal  of 
Messrs.  Meek  and  Worthen  appears  to  be  that  Acanthotelson  "  ap- 
proaches some  of  the  lower  types  of  the  macrural  Decapoda ; "  but 
they  leave  it  with  doubt  in  the  "  Isopod  group  of  the  TeiradtcapodaJ* 
As  to  Palceocarisy  there  appears  to  be  some  diversity  of  opinion. 
Prof.  Dana  and  Dr.  Stimpson  believe  "  that  it  is  a  low  embryonic 
type  of  the  Macrura,  in  which  the  carapace  is  not  developed."  The 
authors  themselves  consider  that  it  exhibits  a  combination  of  De- 
capod (Macruran)  and  Tetradecapod  characters,  having  "  the  caudal 
appendages,  anteriorly  directed  thoracic  legs,  the  antennae  and 
general  aspect  o  a  Macruran,  with  the  distinct  head,  divided  thorax 

*  "  On  the  Crustacea  fr^^n  the  Glasgow  Ooal-fieldB,"  Trans.  GeoL  Soc  Gla«- 
gow,  Tol.  ii.  p.  240,  pi.  3. 

t  American  Joum.  Sc.,  2nd  series,  ToL  xlvi.  p.  28.  J  Pp.  M9-^S6. 
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(without  a  carapace),  and  seven  pairs  of  thoracic  legs  of  a  Tetrade- 
capod."  They  further  consider  that  it  has  an  analogy  with  Qamp- 
sonyckus.  Other  specimens  of  Anihrapalctmon  gracilis^  M.  &  W., 
show  that  it  departs  further  in  its  structure  from  the  tjpe  species 
than  was  at  first  supposed. 

1868.  Dr.  Dawson  refigured  IHplostylus  Dawsoni,  Salter,  and 
Amphipeltis paradoxus^  Salter*. 

1870.  Some  remains  of  great  interest  were  descrihed  hy  Mr.  H. 
Woodward  as  indicating  a  gigantic  Isopod  in  the  Old  Bed  Sandstone 
allied  to  the  living  Arcturus  (Idotea)  Bqffini,  Westwood.  To  the 
remains  in  question,  consisting  of  hody-segments  ornamented  with 
large  tuhercles,  and  portions  of  appendages,  the  name  of  Prcearcturus 
gigas  was  given  f. 

1870.  To  Mr.  Woodward's  intimate  knowledge  of  all  that  is 
Cnistacean  we  are  also  indehted  for  the  solution  of  some  additional 
ohscore  remains  from  the  Lower  Ludlow,  descrihed  in  a  paper  by 
that  author,  "  On  Necrogammarus  Salweyi^  an  amphipodous  Crus- 
tacean from  the  Lower  Ludlow  of  Leintwardine "  J.  This  species 
is  represented  by  'Hhree  laterally  compressed  and  thin  crushed 
somites,"  with  the  base  of  a  limb  attached  to  one  of  them.  Necro^ 
gammarus  is  probably  allied  to  the  existing  Oammaridas, 

1872.  In  his  "  Fifth  Report  on  FossU  Crustacea,''  Mr.  H.  Wood- 
ward considers  that  representatives  of  both  the  Isopoda  and  Am- 
phipoda  will  doubtless  be  found  plentifully  in  our  Palseozoic  rocks  §. 

1873.  Dr.  0.  Feistmantel  recorded  the  occurrence  of  Oampsony- 
ehu9  Jimbriatus  in  considerable  quantities  in  the  gas-shale  of  Niir- 
schen,  and  gave  figures  of  the  specimens  ||. 

1877.  Dr.  Dawson  has  lately  described  another  species  oiAnihra- 
jpaktmon^  under  the  name  of  A,  (Palceocarabus)  Hilliana,  from  a 
band  of  black  bituminous  limestone  in  the  middle  division  of  the 
8.  Joggins  Coal-measures.  It  possesses  a  short  rostrum  and  large 
spines  at  the  anterior  angles,  although  there  is  a  reduction  in  the 
total  number  of  these  when  compeared  with  previously  described 
species.  There  are,  in  addition,  two  spines  placed  in  front  of  the 
cervical  groove  If.  This  paper  is  accompanied  by  a  note  by  Mr.  H. 
Woodwajrd  on  the  genus  Anthrapalcemon. 

Addenda  to  Bibliography. 

1864.  Von  Schauroth,  in  the  paper  previously  referred  to,  "  Ein 
JBeitrag  zur  Palaontologie  des  deutschen  Zechsteingebirges,"  describes 

»  Acadian  Geology,  1868,  2nd  ed.  p.  207,  f.  49 ;  p.  623,  f.  180. 
t    "  On  the  B^mains  of  a  Giant  Isopod  from  tlie  Old  Bed  Sandstone,  &o./' 
Trans.  Woolhope  Club,  1870,  p.  266. 
t  IWd.  p.271. 

§  Brit.  Afleoo.  Beport  for  1871,  p.  64. 

U    *'  Ueber  den  ^iinchener  Gasscbiefer,  deesen  geologische  Stellung  und 
organische  Einscbluese,"  Zeitecbr.  deutecb.  geol.  GeBellscbaft.  xxr.  p.  593,  t.  18. 
f.  9-11. 

%    **  Note  on  two  Paiseozoic  Crustaceans  from  NoTa  Scotia,**  Qeol  .Magi 
J>ec.  2,  iv.  p.  56, 1 1. 
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a  depressed  hemispherical  body,  haying  an  externally  gr&naUted 
shell,  under  the  name  of  Hemitrochiscus  paradoxtu  *.  He  was  us- 
able to  state  any  thing  definite  as  to  the  affinities  of  the  foBsil,  bo^ 
provisionally  regards  it  as  the  shell  of  a  Crostaoean  i^m  the  Zeek- 
stein  dolomite  of  Porsneek. 

1801.  Dr.  H.  B.  Geinitz  refigured  ffemiiro^iseus  paratUxya, 
Schanr.,  and  referred  it  to  the  Becapoda  firachyura  t.  His  figorat. 
are  much  more  intelligible  than  Schauroth's.  Cfeinitz  likeirise  de- 
scribes Palceoerangon  (Prosoponiscus)  problematicus^  Schanr.,  and 
refers  it  to  the  Isopoda.  He  adopted  the  generic  name  J^ro»p^ 
niscus,  Kirkby,  in  preference  to  Pal<xocrangon^  Schanr.,  ^parendy 
without  any  very  well-defined  grounds ;  but  at  the  same  time  he  re- 
marks that  Pakeosphaeroma  would  have  been  a  more  appn^uiat* 
name  than  either  of  the  foregoing  J. 

1871.  Mr.  F.  B.  Meek  published  a  paper  in  the  Proceedings  of  the 
Academy  of  Natural  Sciences  of  Philadelphia  for  Uiis  year,  in  which 
he  established  the  provisional  genus  ArchcBocaris  for  a  shrinq^-likB 
form  of  doubtful  affinities  §.  Prof.  Dana  considered  Uiat  it  had 
some  relation  with  the  recent  genus  Cuma.  From  the  Wavetlj 
group,  Danville,  Kentucky. 

1875.  In  the  second  volume  of  the  Ohio  Geological-Survey  Re- 
port, Archceocaris  vermiformis  is  fig^ured||.  It  is  referred  to  the 
Tetradecapoda. 

The  following  Table  ^p.  873)  will  show  at  a  glance  the  genera 
enumerated  in  the  foregoing  bibliography,  their  authors,  orders,  geo- 
logical horizons,  and  chief  localities. 

3.  Dbscbiption  or  the  SpBcncEir. 

The  remains  of  this  interesting  Crustacean  are  scanty  in  the 
extreme.  We  at  present  possess  only  those  of  two  individuals,  one 
of  which  is  a  film-like  impression  and  its  counterpart,  compressed 
laterally  (figs.  1  &  2) ;  and  the  other  is  a  portion  of  the  carapace 
and  body-segments  of  another  individual  flattened  from  above  down- 
wards (fig.  3),  both  in  the  same  ironstone  nodule. 

The  more  perfect  of  these,  that  seen  in  profile  (PL  XXYII.  figs.  1 
&  2),  measured  as  nearly  as  possible  7  linos  long  by  3J  wide,  taken 
across  the  carapace.  The  length  of  the  carapace  is  equal  to,  if  not 
somewhat  greater  than,  that  of  the  abdominal  somites.  The  latt^ 
are  narrow  and  probably  six  in  number  (a,  figs.  1  &  2),  irrespective 
of  the  telson  (6,  figs.  1  &  2).  The  thoracic  appendages  are  certainly 
six,  and,  if  I  mistake  not,  seven  in  number  (c,  figs.  1  &  2) ;  but  any 
abdominal  appendages  that  may  have  existed  have  quite  di»p- 
peared.  The  telson  and  its  caudal  appendages  (6,  figs.  1  &  2)  were 
evidently  a  well-marked  feature  in  the  organism. 

To  enter  more  minutely  into  the  structure  of  this  Crustacean,  it 
may  be  observed  that  the  carapace  is  somewhat  elongately  quadran- 

*  Zeitschr.  deatsch.  eeoL  Geeellsohaft,  yi,  p.  558. 
'    t  Dyas,  odor  die  Zecbsteinformation  und  daa  Bothliegende,  p.  28. 
tP.29.  8  P.  355.  IJT.  18.f.7. 
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gular ;  but  as  the  anterior  part  in  front  of  the  cervical  furrow  (d, 
figs.  1  <&  2)  IB  much  mutilated,  it  is  difficult  to  speak  with  cer- 
tainty on  many  essential  points  in  its  organization.  The  postcrkr 
margin,  which,  on  the  other  hand,  is  well  defined,  is  concave  ia 
the  median  region,  and  the  lateral  angles  apparently  pointed 
(/,  fig.  3).  The  carapace  was  occupied  in  the  median  line  by  i 
cephalic  ridge  (g,  figs.  1,  2,  3),  continuous  from  the  oerrical  groors 
to  Uie  posterior  margin.  I  feel  convinced  that  this  was  prodoced 
anteriorly  into  a  rostral  ridge,  perhaps  slightly  interrupted  by  ^ 
cervical  furrow,  but  to  all  intents  and  purposes  forming  a  continua- 
tion of  the  cephalic  ridge.  Placed  at  equal  distances,  on  each  side 
of  the  latter,  is  a  lateral  ridge  (A,  figs.  1,  2,  &  3),  nearer  to  it  than 
to  the  lateral  mai^in  (i,  fig.  3);  both  these  appear  to  commeaee 
at  the  cephalic  groove,  thence  proceed  backwaitls,  as  in  the  case  of 
the  median  ridge,  and,  like  it,  terminate  at  the  posterior  mai^gin  oi 
the  carapace.  So  far  as  can  be  seen,  the  lateral  margins  of  the  cara- 
pace are  entire,  without  any  trace  of  serration.  In  the  specimeii 
seen  in  profile  (figs.  1  &  2)  the  carapace  is  bent  almost,  but  noi 
quite,  along  the  median  line,  a  little  more  on  one  side  the  niedian 
ridge  than  on  the  other.  Anterior  to  the  cephalic  groove  the 
fore  part  is  so  confused  that  no  definite  characters  are  traoeabk ; 
still  it  is  quite  evident  that  appendages  did  exist,  probablj  re- 
presenting the  antennsB  and  antennules.  In  fig.  2,  at  k,  there 
IS  an  indication  of  an  appendage  in  what  would  be  the  poflation 
of  the  antennae,  which  may,  indeed,  so  far  as  we  can  judge  £rom 
the  indistinct  outline  preserved,  be  tiie  basal  scale  of  one  of  them. 
The  cephalic  groove  itself  (d,  figs.  1,  2,  &  3)  is  broadly  V-ehaped ; 
and  at  it  stop  short  the  two  lateral  lines  or  lidges  ;  but  the  central 
one  is  continued  in  frt)nt  of  it,  and  forms  the  rostrum  (m,  figs.  1  &  3). 
No  trace  of  eyes,  either  pedunculated  or  sessile,  can  be  made  out. 
The  abdominal  somites,  as  before  stated,  are  six  in  number,  irre- 
spective of  the  telson.  They  are  narrow,  and  apparently  possessed 
pointed  pleurae  {I,  figs.  1  &  2).  The  appendages,  as  preserved,  are  all 
thoracic  (c,  figs.  1  &  2),  and  seven  in  number  on  each  side ;  at  any  rate 
there  are  certainly  six ;  and  I  believe,  seven.  There  is  no  appear- 
ance of  a  division  into  endopodite  and  exopodite.  The  individual 
seen  in  profile  (figs.  1  &  2)  demonstrates  that  the  caudal  appendages 
were  probably  two  on  eadi  side,  or  four  in  number  (6,  figs.  1  &  2). 
Surface  ornamentation  is  not  discernible  on  any  part  of  the  specimen. 

4.  AnTrfiTiEB  Am)  Ststematio  Positiov. 

Had  the  eyes  been  preserved,  a  difficulty  which  meets  us  at  the 
outset  would  be  avoided,  and  the  considerations  as  to  the  syste- 
matic position  of  this  interesting  Crustacean  much  abbreviated.  As 
it  is,  we  can  only  conjecture  its  relation  to  the  Podophthalmata  from 
general  analogy  and  the  protection  of  the  anterior  portion  of  the 
body  by  a  carapace.  If  the  presence  of  a  well-defined  carapace 
without  the  actual  observation  of  stalked  eyes  be  accepted  as  suffi- 
cient evidence  of  Podopthalmatous  affinity,  we  then  have  a  choice  of 
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orders  limited  to  the  Stomapoda  and  Decapoda.  The  same  cha- 
racter would  indicate  the  latter  of  these  as  the  proper  resting-place 
for  the  present  form,  whilst,  from  the  number  of  ambulatory  feet, 
seven  pairs^  as  I  believe,  there  appears  to  be  a  transition  towards  the 
Stomapoda.  On  the  whole  the  Decapoda  Macrura  have  perhaps  the 
strongest  claim,  especially  when  we  take  into  consideration  the  well- 
developed  abdominal  somites,  the  telson  with  its  oaulal  appendages, 
and  the  forwardly  directed  appendages. 

If  we  pass  in  review  the  thirteen  genera  enumerated  in  the 
foregoing  Bibliography,  it  is  evident  that  some  of  them  may  be  at 
once  eliminated  as  possessing  little  or  no  relation  to  the  present 
form.  Thus,  referable  to  the  Amphippda  are  Diplostylus,  Salter, 
Neerogammarus^  H.  Woodward,  and  Palaocrangon^  Schauroth.  The 
first  is  represented  by  a  few  somites  and  a  peculiarly  distinctive 
telson ;  the  second  by  three  somites  with  the  feet  articulated  along 
the  border,  which  Mr.  Woodward  attributed  to  a  Crustacean  allied 
to  the  QammaridsB  of  the  Amphipods.  The  last,  although  approach- 
ing nearest  to  our  fossil,  possesses  sufficiently  distinctive  characters 
to  separate  them.  Passing  to  the  Isopoda,  we  have  Prcearcturus^ 
H.  Woodw.,  AcanihoUlson^  Meek  &  Worthen,  and  Falceocarts,  M. 
&  W.  The  fragmentary  remains  referred  to  under  the  name  of 
Prcearcturus  require,  I  think,  no  comparison  with  the  present  fossil. 
In  both  the  American  genera  the  absence  of  a  carapace,  the  division 
of  the  somites  into  thoracic  and  abdominal,  and  the  character  of  the 
telson  at  once  serve  as  points  upon  which  to  base  a  separation. 

Of  the  Stomapoda,  we  have  Amphipeltis,  Salter ;  Oampsonychus^ 
Bnrmeister;  and  ?  Bostrichopus,  Goldfuss.  Again,  in  the  case  of 
the  last,  I  think,  no  comparison  is  necessary ;  whilst  in  Amphi' 
peltis  the  form  of  the  carapace  and  number  of  the  somites  (9)  pos- 
terior to  it  will  separate  the  two  forms.  As  to  Qampsonyi^us,  the 
somites  are  still  further  increased,  and  there  is  no  coalescence  into  a 
cephalothorax,  although  in  the  telson  there  is  some  resemblance. 
We  are  now  left  with  four  genera,  which  have  been  referred  by 
their  respective  describers  to  the  Decapoda : —  Crangopsis^  Salter ; 
CUtocrangon,  Richter ;  Pygocephalus,  Huxley ;  and  AnthrapaUxmon^ 
Salter ;  and  with  these  a  more  minute  comparison  is  necessary. 

First,  in  Crangopsis  the  carapace  is  short  and  pointed;  here 
it  is  oblong  and  broad ;  the  telson  is  small ;  in  our  specimen  it 
ia  large ;  the  caudal  appendages  are  obovate ;  here,  however, 
they  are  broad,  and  apparently  double  on  each  side.  Secondly, 
in  Gitocrangon  the  carapace  is  transversely  segmented,  the  somites 
are  seven,  and  the  telson  is  inconspicuous ;  still  it  would  be  well  if 
a  more  satisfactory  comparison  with  this  genus  could  be  made ;  un- 
fortunately little  appears  to  have  been  written  about  it.  Thirdly, 
-with  r^ard  to  Pygocephalus,  we  fail  to  notice  any  separation  into 
the  semicircular  and  quadrate  disks  of  this  genus  in  the  present 
fossil,  although  there  appears  to  be  a  closer  relationship  with 
P,  Huxlegi,  H.  Woodw.,  than  with  P.  Cooperi,  Huxley. 

Lastly,  we  have  for  consideration  the  genus  ArUhrapalwm<m^  of 
which,  I  believe,  our  fossil  is  a  species.     In  this  genus  tibe  carapace 
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is  provided  with  a  strong  central  ridge,  separated  into  two  paits  hj 
the  cervical  groove,  and  projecting  anteriorly  in  the  form  of  a  strong 
spine.  The  ahdomen  consists  of  six  somites  with  pointed  pleoiK, 
exclusive  of  the  telson,  which  has  douhle  broad  caudal  appendsgea. 

All  these  characters,  or  at  aU  events  traces  of  them,  are  disoemibk 
in  our  fossil.  On  the  other  hand,  one  which  was  assigned  by  Mr. 
Salter  to  his  genus  as  particularly  distinctive,  viz.  the  serrated  front 
margins  of  the  carapace,  is  not  present  here.  Taking  all  things 
into  consideration^  I  think  no  better  reference  can  be  made  thaa  to 
Anthrapalcemon. 

Mr.  Woodward  has  shown  that  no  generic  difference  exists  be- 
tween Anthrapalcenwn  Gfrossarti  and  A,  (Palavearabus)  dubius^  at 
surmised  by  Mr.  Salter.  In  the  former  of  these  species  there  is  a 
central  ridge  on  the  carapace  (irrespective  of  other  cbaracterB) 
which  does  not  reach  the  posterior  margin,  and  no  lateral  ridge*. 
On  the  other  hand  the  central  ridge  in  A.  duhtus  does  so,  and  on 
each  side  of  it  there  is  a  lateral  fun-ow,  between  it  and  the  mar- 
gins of  the  carapace.  I  have  shown  that  on  the  carapace  of  the 
present  fossil  there  is  a  central  ridge  extending  from  the  cervical 
groove  backwards  to  the  posterior  margin,  flanked  on  each  side  bj 
two  parallel  lines,  which  may  represent  either  two  ridges  or  two 
grooves.  "Whichever  they  may  be,  they  are  sufficient  to  show, 
I  think,  a  closer  affinity  with  A,  duhius  than  with  A,  GrossctrtL 

I  proi)080  to  associate  with  this  interesting  fossil  the  name  of  my 
friend  Mr.  H.  Woodward,  F.K.S.  (Anthrapalcemon?  Wood wardi\,  to 
whom  I  am  indebted  for  much  kind  assistance  and  advice  in  pahe- 
ontological  questions. 

5.  Geological  PosmoK  akd  LocALrrr. 

The  Calciferous  Sandstone,  or  Lower  Carboniferous  series,  is  divi- 
sible into  two  groups,  as  now  adopted  by  the  Geological  Survey — an 
Tpper  or  Cement-stone  group,  and  a  Lower  or  Bed-Sandstone  group 
resting  on  the  Old  Red  Sandstone.  At  Belhaven  Bay,  near  Dunbar, 
whence  -^.?  Woodwardi  was  derived,  the  lower  group  consists  of  red 
and  white  sandstones  and  marls,  '*  probably  not  far  from  the  top  of 
the  Old  Bed  Sandstone''*,  and  immediately  under  *'*'  great  masses  of 
igneous  rock,  in  the  foim  both  of  ash  and  felspathic  trap  .  .  .  • 
These  piles  of  volcanic  material  lie  about  the  middle  of  the  Calci- 
ferous Sandstone  series  "f, 

A,  ?  Wooduxirdi  is  preserved  in  an  impure  ironstone  nodule  from  a 
bed  of  red  and  mottled  shale,  according  to  Mr.  Bennie,  about  15  ft. 
thick.  The  associated  nodules  contain  a  Modioliform  bivalve  in 
abundance;  and  the  enclosing  shale  a  similar  moUusk,  with  the 
remains  of  Sti(fmari(r,  Lepidoihndni,  some  curious  Ferns,  and  an 
Estheria  in  great  abundance,  which  Prof.  Buport  Jones,  F.RJS., 
cannot  distinguish  from  E,  Batvsom^  Jones  J,  of  the  Lower  Carbom*- 
ferous  of  Horton  Bluff,  Nova  Scotia.    The  same  bed,  in  its  lower 

•  A.  Geikie.  Hem.  QeoL  Surrey,  No.  83,  Scotlaiid,  1866.  p.  da         t  Iliid. 
I  Ktberidge,  Geol.  Mag.  Dec.  2»  1876,  toI.  iii.  p.  576. 


Digitized  by  VjOOQIC 


MACBUBOrS  DECAPOD  IK  THB  LOWSB  OABBONIPBBOUB.  877 

part,  yielded  a  few  specimens  of  BelUropTion,  and  one  or  two  cniBhed 
Orthoceratitee. 

Locality, — Shore  east  side  of  Belhaven  Bay,  near  Dunbar,  Had- 
dingtonBhire ;  red  and  mottled  shale  of  the  Red  Sandstone,  or  lower 
group  of  the  Calciferons  Sandstone  series. 

Collector, — Mr.  James  Bennie. 

6.  CoNCLuniifo  Behabkb. 

If  tmly  a  macmrous  Decapod,  Oitocrangon^  Richter,  is  without 
doubt  the  oldest  genus  of  its  order  (grauwacke  of  Saalfeld,  ?  Upper 
Devonian).  Next  to  it  in  age,  previous  to  the  discovery  of  A.2  Wood- 
wardi,  comes  Crangopsis  socialis,  Salter.  This  little  crustacean  was 
found  by  the  Rev.  T.  Brown,  M.A.,  at  Ardross,  Fifeshire,  in  beds 
which,  according  to  the  mapping  of  the  Geological  Survey*,  are 
in  the  Cement-stone  group,  or  upper  division  of  the  Calciferous 
Sandstone  series — but  according  to  Mr.  Brown  t,  in  the  true  Car- 
boniferous Limestone,  1400  feet  above  the  division  between  the  two 
series.  From  whichever  point  of  view  we  regard  the  geological 
position  of  C,  socialise  it  is  quite  clear  that  the  horizon  of  ^.?  Wood- 
wardi  is  defined,  and  that  it  must  take  precedence  of  (7.  socialis  in 
antiquity,  and  rank  next  to  Gitocrangon, 

I  have  to  return  my  best  thanks  to  my  colleagues  Messrs.  B.  N. 
Peach  and  R.  L.  Jack — the  former  for  drawings  of  A,^  Woodwardi, 
and  t^e  latter  for  much  literary  assistance. 


EXPLANATION  OF  PLATE  XXVII. 

AltTHRAPALiEMON  ?  WoODWABDI,  R.  Eth.JUfl, 

Pig.  1.  Side  view  of  one  half  the  Epecimen,  in  which  the  thoracic  appendages  (?) 

are  in  relief.     Considerably  enlarged. 
Fig.  1  a.  The  same.    Natural  size. 
Fig.  2.  Corresponding  yiew  of  the  other  half,  in  which  the  thoracicappendage8(?) 

are  in  cast  only.    Similarly  enlarged. 
Pig.  3.  View  of  the  pressed-out  remains  of  another  indiriduaL    Considerably 

enlarged. 
Pig.  3  a.  The  same.    Natural  size. 

a.  Abdominal  somites. 

b.  Telson. 

c.  Thoracic  appendages  (?). 

d.  Cerrical  groove. 

e.  Middle  of  cervical  groove. 

/  Lateral  angles  (posterior)  of  carapace. 

g.  Median  ridge  of  carapace. 

h.  Lateral  ridges. 

t.        „      marffin  of  carapace. 

k.  Indication  oi  appendage. 

/.  Pleurae  of  ahdommal  somites.  ^ 

m.  Portion  of  rostrum. 

(N.B.  The  letters  refer  to  the  same  parts  in  all  the  figures.) 
*  Sheet  41,  Scotland.  t  Trans.  Boy.  Soc.  Edinb.  vol.  zxii.  p.  891. 
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Fig.  1. — Section  thro 


Tricbttd. 


a.  QmrU  rock. 

e.  Amygdaloid  (agBtoe). 


d.  PjEoe  pinJ 
€.  HardWoi 


Rg.  2. — Section  of  a  Odd-daim  (Lawrences), 
PUgrinCs'Bai  Creek,  Transvaal. 
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FCTRTHER  N0TB5  OH  the  DiAMOND-PIELDS  of  SoiTTH  ApRICA,  With 

Observations  on  the  Gold-fields  and  Cobalt-mine  in  the 
Transvaal.     By  E.  J.  Dunn,  Esq.     (Read  June  21,  1876.) 

[Communicated  by  Prof.  A.  0.  Eamsay,  F.E.S.,  F.G.S.] 

<  I.  Diamonds. 

■  it  made  to  the  Diamond-fields  in  December  1874  enables  me 
ike  some  additions  to,  and  corrections  of,  my  previous  paper, 
before  the  Geological  Society  in  1873*. 

De  Beer's,  mining-operations  have  clearly  established  the  fact 
the  "pipes'*  are  more  recent  than  the  sheets  of  dolerite  and 

intrusive  rocks  surrounding  them ;  for  on  the  east  side  of  the 
ithe  rudely  tabular  dolerite,  forming  the  wall  of  the  "  pipe,"  is 

J  at  an  angle  of  about  40°  (fig.  7.)  Included  masses  and  nodules 
3rite  occurring  in  all  the  pipes  hitherto  opened,  help  to  confirm 

I  no  case  are  the  "  pipes'*  traversed  by  dykes  of  hard  rock ;  and 

bnly   instance  of  dykes   of  any  description   intersecting  the 

rial  forming  the  "  pipes  "  is  at  De  Beer's,  where,  at  a  depth  of 

irv).  ifeet  from  the  surface,  and  at  the  east  side  of  the  mine,  long, 

\.^      ^w,  dyke-like  masses,  from  2  to  6  feet  wide,  vertically  cut 

hgh  the  soft  diamond-bearing  rock ;  one  having  the  latter  width 

I  for  about  two  hundred  yards  in  a  straight  line.    These  dykes  (?) 

lighter  in  colour  and  somewhat  harder  than  the  bounding  rock, 

'earthy  in  texture  and  so  much  altered  that  specimens  sent  to 

■'  British  Museum  were  undeterminable,  though  evidently  quite 

^ct  from  the  surrounding  soft  rock.     The  general  opinion  of  the 

^^ers  who  have  these  dykes  (?)  cutting  through  their  claims,  is 

It  they  contain  no  diamonds. 

The  wall  of  De  Beer's  Mine,  except  on  the  north  side,  which  is 

lale,  is  formed  by  the  sheet  of  dolerite  (?)  that  commences  near 

imberley  Mine,  and  continues  on  past  Du  Toif  s  Pan.    Within  this 

tine,  on  the  west  side,  an  extensive  crescent-shaped  mass  of  shale  is 

IKX>OBed ;  it  is  interpenetrated  by  the  decomposed  rock  that  fills  the 

*  pipe  **  (probably  it  formed  part  of  the  waU  at  a  higher  level,  but, 

being  undermined  by  the  intrusive  rock,  fell  in  bodily) ;  the  adjacent 

WaU  is  of  dolerite  (the  miners  call  this  a  "  reef"). 

Kimberley  Mine  (Colesberg  Kopje,  fig.  6)  is  entirely  bounded  by 
shale,  though  a  sheet  of  intrusive  rock  occurs  within  about  300  feet 
of  the  edge  of  the  mine.  The  shales  lie  nearly  horizontal  as  a  rule ; 
they  are  faulted  on  the  north  side. 

i>u-Toit's-Pan  Mine  is  bounded  by  the  same  sheet  of  intrusive 
rock  that  forms  the  wall  of  De  Beer's.  Shale  forms  the  wall  on 
the  south. 


*  Quart.  Jouni.  Geol.  Soc.  voL  zxx.  p.  54. 
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Now  that  the  mines  are  well  opened  out,  they  disdoee  a  fcim  lem 
circular  than  at  first  they  appeared  to  possess. 

Kimberley  Mine  is  elongated  in  an  E.  and  W.  direction,  Dc  Beeri 
in  a  N.W.  direction,  and  Du  Toit*s  Pan  in  a  S.  direction  (tovmrdt 
Bultfontein,  with  which  it  may  be  connected  by  a  fault),  ^ificicnit 
work  has  not  yet  been  done  to  prove  the  extension  of  these  eloi»- 
gations  for  any  considerable  distance ;  but  present  appearances  sug- 
gest that  the  first  effect  of  the  disruptive  force  was  to  cause  a  rest 
in  the  rocks,  and  that  the  sides  of  this  rent  were  torn  away  in  the 
weakest  part  by  the  intrusive  rock  until  the  present  form  resulted. 

In  a  few  places  mining-operations  have  pierced  through  the 
"floating  shale"  so  abundant  in  the  southern  portion  of  Du-ToitV 
Pan  Mine ;  and  the  usual  soft  rock  is  met  with  below. 

Under  extensive  areas  of  shale,  the  depth  at  which  the  dark 
compact  rock  occurs  is  less  than  where  no  such  protection  exists ; 
this  would  lead  to  the  inference  that  the  ^'  cores"  or  "  pipes'*  have 
decomposed  from  the  surface  downwards,  and  that,  in  all  probability, 
the  rock  will  become  more  compact  and  less  altered  as  depth  k 
gained. 

In  all  the  mines  the  dark-coloured  and  less-decomposed  rock 
occurs  at  depths  varying  from  80  to  100  feet  from  the  surface,  and 
always  nearer  the  surface  at  the  sides  than  at  the  centres  of  the 
**  pipes." 

At  a  depth  of  120  feet,  in  Kimberley  Mine,  several  small  freBh- 
water  shells  were  discovered  in  what  appears  to  be  undisturbed 
material.  A  specimen  of  mineralized  charcoal  was  unearthed  in  the 
same  claim. 

Mode  of  WorJctYig, 

At  Kimberley  the  ground  is  picked  and  blasted  at  the  bottom  of 
the  mine  (a  huge  pit  about  nine  acres  in  area,  according  to  recent 
surveys),  broken  into  small  pieces,  and  brought  to  the  surface  in 
buckets  running  on  wire  ropes  that  stretch  from  the  brink  of  the 
pit  to  each  claim ;  on  reaching  the  surface  the  tough  decomposed 
rock  is  spread  on  the  ground  and  exposed  to  atmospheric  action^ 
water  being  occasionally  sprinkled  over  it  to  assiBt  disintegration ; 
subsequently  it  is  dry-soited  (with  sieves)  by  the  old  method,  or, 
what  is  much  more  efficacious,  washed. 

The  usual  machines  used  for  washing  are :— (1)  a  small  description 
of  puddling-machine,  specially  adapted  for  this  work,  as  the  material 
cannot  be  reduced  and  mn-off  as  slime  or  **  sludge,"  but  must  be 
got  rid  of  in  fragments  about  the  size  of  disintegrated  granite  (this 
process  gives  good  results)  ;  and  (2)  a  trough,  with  cross  ripples,  and 
rakes  moving  from  side  to  side :  Uie  puddled  material,  with  sufficient 
water,  flows  through  it,  leaving  the  heavy  substances  at  the  ripples ; 
results  uncertain,  but  still  superior  to  the  dry  method. 

The  heavy  sand  obtained  by  the  above  processes,  consisting  mainly 
of  garnet  and  ilmenite,  with  the  diamonds,  is  taken  from  the 
machines  and  washed  in  sieves,  in  the  same  manner  as  tin-ore  is 
separated  from  iron-sand  <&c. ;  and  the  diamonds  are  picked  out 
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THiroTighout  the  finest  of  this  heavy  sand  minate  diamonds  occur, 
aome  so  small  that  they  are  only  recognizable  by  the  aid  of  a  lens. 

As  an  instance  of  the  yield  of  diamonds  from  £imberley  Mine,  I 
may  state,  on  good  authority,  that  two  claims,  measuring  together 
60  X  30  feet,  and  worked  to  a  depth  of  150  feet,  yielded  28,000  carats 
of  diamond,  or  2*8  carats  per  cubic  yard  of  ground. 

The  claims  on  the  boundary  of  the  pipe  at  Kimberley  are  worked 
at  a  depth  of  200  feet  from  the  surface ;  those  in  the  centre  have 
been  mined  with  less  spirit,  as  they  are  considered  less  productive. 
The  water  met  with,  though  comparatively  insignificant,  costs  a 
large  sum  to  get  rid  of,  in  consequence  of  the  inefficient  machinery 
employed  and  the  absence  of  system  in  draining  the  mine ;  it  is  now 
,  utilized  at  the  surface  by  washing-machines.  Another  heavy  expense 
in  working  is  caused  by  the  ever-increasing  liability  of  the  unsup- 
ported sides  to  fall  into  and  bury  the  claims. 

"  Trap  Conglomerate"  is  mentioned  in  my  former  paper ;  and  that 
occurring  near  Pniel  is  classed  with  the  rock  thus  named  by  Wylie, 
which  occurs  along  the  edge  of  the  Karoo  Beds.  Microscopic  exami- 
nation proves  them  to  be  quite  distinct ;  and  the  manner  of  occur- 
rence of  the  latter  in  Natal*  shows  it  to  be  of  sedimentary  origin, 
while  that  mentioned  as  existing  at  Fniel  is  certainly  intrusive,  and 
of  more  recent  date  than  some  of  the  amygdaloids. 

n.  Gold. 

Gold  is  mined  for  at  Lydenburg  and  Eersteling,  in  the  Transvaal 
Eepublic. 

Lydenburg  Gold-field  is  situate  in  a  mountainous  tract  of  country 
(lat.  25°  8.,  long.  31°  E.),  the  highest  peaks  of  which  rise  fully 
7000  feet  above  sea-level.  The  geological  disposition  of  the  rocks 
gives  a  peculiar  character  to  the  physical  geography  of  this  district. 
The  rocks  strike  about  N.  and  S.,  and  dip  at  an  angle  of  about 
15°  to  the  W. ;  in  consequence  the  E.  sides  of  the  mountains  are 
abrupt,  while  on  the  W.  the  slopes  are  gentle  (see  fig.  1). 

This  region,  and  a  considerable  portion  of  the  Transvaal  Bepublic, 
are  occupied  by  beds  of  sandstone,  mudstone  (sometimes  thinly 
laminated),  white  and  red  quartz  rock,  cherty  and  crystalline  lime- 
stones (the  cherty  limestone  thickly  seamed  with  small  veins  of  chert 
and  quartz  lying  in  the  planes  of  bedding),  thin  beds  of  black  calca- 
reous sandstone,  quartz-breccia  (a  rock  resembling  quartz  rock  that 
has  been  shattered  and  the  cracks  filled  with  vein-quartz  &c.).  Inter- 
calated sheets  of  diorite  are  numerous ;  and  dykes  of  the  same  occa- 
sionally intersect  the  stratified  rocks.  Massive  diorite  occurs  about 
forty  miles  to  the  west  of  Lydenburg ;  and  probably  from  it  the  sheets 
lying  between  the  stratified  rocks  have  been  supplied. 

Quartz  reefs  occur  throughout  the  area  occupied  by  the  above 
rocks ;  they  are  generally  barren-looking,  and  vary  much  in  strike. 

Diorite  on  the  W.,  and  gneiss  on  the  E.,  appear  to  be  the  under- 
lying rocks  of  this  formation.     The  age  of  this  series  is  unknown, 

*  Quart.  Joum.  QeoL  Soc  voL  xxvi.  p.  516. 
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as  no  fossils  have  been  discoTered  by  which  to  identify  it ;  probablj 
it  is  Silurian  or  Devonian. 

The  alluvial  gold  at  Lydenburg  Diggings  has  doubtleas  beea  sap- 
plied  from  two  distinct  sources^  as  gold  occurs,  assodated  with  in»- 
and  copper-pyrites,  calc  spar,  &c.,  in  the  flat  leaders  and  strings  of 
quartz  in  the  limestone-beds,  and  also  with  iron-pyrites  in  laali 
lenticular  veins  of  quartz  in  vertical  dykes  of  diorite.  An  in^twuy 
of  the  former  occurs  about  one  nule  north  of  Mac  Mac,  where  a  "^fiat 
leader"  of  quartz,  about  4  inches  thick,  has  been  opened  out  in 
calcareous  rock ;  specks  of  gold  are  visible  in  the  cavemoos  quarU. 
About  two  miles  south  of  Mac  Mac,  near  M^Lachlan's  house,  is  a  larf^e 
dyke  of  diorite,  in  which  are  short  narrow  veins  of  quartz  thickly 
studded  with  iron-pyrites  and  containing  traces  of  gold  (fig.  4).  Tefy 
little  has  been  done  towards  prospecting  this  dyke ;  but,  from  its 
resemblance  to  diorite  dykes  in  Australia  that  hieive  proved  highly 
auriferous,  it  deserves  careful  examination. 

Pilgrim's-Rest  Creek  has  supplied  most  of  the  alluvial  gold  of  this 
district ;  it  is  about  thirty  miles  nearly  due  east  of  Lydenburg,  aboot 
three  miles  in  length,  and  flows  to  the  westward,  falling  into  Blyde 
River. 

In  its  course  it  cuts  through  sandstones,  thick  beds  of  limeetoDe 
seamed  with  veins  of  quartz  and  chert  &c ;  for  a  considerable  por- 
tion of  its  length  its  bed  is  diorite,  generally  soft.  There  are  two 
descriptions  of  drift  worked : — that  occupying  the  present  bed  of  the 
watercourse,  which  is  from  5  to  12  feet  in  depth,  fine  alluvium  at 
the  top,  then  clay  and  pebbles  of  sandstone,  quartz,  chert,  &c.,  with 
about  a  foot  of  auriferous  drift  lying  on  the  bed-rock;  and  that 
known  as  "  terrace  claims,"  worked  at  various  levels  above  the  credc- 
bed,  where  the  base  of  the  moraine-like  mass  of  debris  that  forms  a 
talus  to  the  mountains  is  exposed  resting  on  the  bed-rock.  Hie 
gold  is  all  within  a  few  inches  of  the  bed-rock  ;  where  soft  diorite 
formed  the  floor  many  of  the  claims  were  very  rich.  Tlie  heaviest 
nuggets  were  found  where  hard  irregular  blocks  of  diorite  ccHitraci 
the. creek-channel  (fig.  2). 

The  gold  is  coarse  and  nuggetty,  as  a  rule  well  rounded,  and 
generally  coated  with  oxide  of  iron.  Lumps  up  to  10  lb.  weight 
have  been  found ;  it  is  of  good  quality,  worth  from  76s.  to  80«. 
per  ounce. 

Sluice-boxes  and  cradles  are  used  to  separate  the  gold  from  the 
drift.  The  supply  of  water  is  abundant,  and  greatly  fadlitatea 
mining.  The  principal  impediment  is  the  enormous  size  of  the 
angular  and  subangular  blocks  of  quartz-breccia  that  have  to  be 
removed ;  they  are  from  5  to  20  tons  in  weight,  and  appear  to  have 
fallen  from  the  adjacent  mountain-sides.  The  interstices  between 
these  blocks  are  filled  with  boulders  and  drift. 

Mac  Mac  is  on  the  east  side  of  the  ridge  from  which  Pilgrim's-Rest 

Creek  flows ;  the  drift  is  formed  of  shingle  of  slaty  sandstone,  quartz, 

&c.   There  is  an  absence  of  the  large  boulders  so  common  at  Pilgrim*8 

Rest;  the  gold  is  also  finer,  but  inferior  in  quality. 

At  Eersteling,  near  Marabastadt  (lat.  24°  5'  S.,  long.  29°  45'  E.), 
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aariferotis  reefs  are  worked.  The  containing  rock  is  steatitic  and 
chloritic  Bchist,  dipping  at  a  angle  of  about  80°  to  the  northward. 
This  series  rests  on  gneiss,  and  is  overlain  nnconformably  bj  the 
group  of  beds  in  which  gold  occurs  at  Lydenbui^.  The  principal 
reef  worked  is  called  the  "  Natalia,"  about  3  feet  wide  in  places, 
dipping  about  S(P  to  northward  (fig.  5) ;  some  very  rich  patches  have 
been  met  with  in  it ;  and  a  fair  sprinkling  of  gold  runs  throughout 
the  stone  ;  it  is  in  the  solid  quartz  as  well  as  in  the  cavities.  Dykes 
of  diabase  run  east  and  west,  parallel  and  close  to  the  reef;  cross 
dykes  of  dolerite  intersect  it. 

Numerous  other  reefs  run  parallel  and  at  right  angles  to  the 
^'  Natalia."  Some  of  them  are  auriferous ;  but  so  far  none  of  them 
have  been  sufficiently  explored  to  detemune  their  value.  Extensive 
crushing-plant  has  been  erected  at  Eersteling ;  the  yield  from  the 
main  reef  has  been  less  than  1  ounce  of  gold  per  ton  of  quartz. 

At  Marabastadt  the  schistose  series  includes  beds  of  green  talcose 
schist,  quartz  rock,  and  felspathic  schist,  standing  at  high  angles. 
Veins  of  quartz  bearing  NJE).  run  between  the  bedding;  mudi  of 
this  quartz  is  cherty  in  appearance,  and  looks  more  like  quartz  rock 
than  vein-quartz.  Several  of  these  veins  contain  gold  in  the  heart 
of  the  quartz,  but  nothing  payable  has  been  discovered.  Outliers  of 
schist,  containing  reefs  of  quartz,  crop  out  in  several  places  over  the 
gneiss-country,  N.  of  24°  S.  lat.  Gold  is  reported  as  occurring  in 
some  of  them. 

m.  Cobalt. 

Smaltite  and  erythrite  occur  in  the  Transvaal,  at  a  locality  situated 
about  six  miles  from  Oliphant  River,  on  a  small  stream  named  Kruis 
Biver.     Middleburg  is  about  thirty-six  miles  south. 

The  rock  in  which  the  cobalt-ore  occurs  is  very  fine-grained  felsite, 
much  shattered.  The  hanging  wall  of  the  mineral-yielding  portion 
is  formed  by  a  large  dyke  of  very  fine-grained  dolerite.  There  is  no 
defined  lode;  but  about  18  inches  of  the  felsite  rock,  in  contact  with 
the  dyke,  carries  small  threads  and  lenticular  veins  of  the  ore,  run- 
ning parallel  to  the  dyke  (fig.  3)  ;  the  widest  vein  of  solid  ore  was  8 
inches  thick,  but  soon  thinned  out  all  round.  The  solid  rock  n«ar  the 
contact  is  mineralized ;  specks  of  ore  are  sprinkled  through  it.  The 
mineralized  part  strikes  E.  10°  S.  magn.,  and  dips  65°  southward. 
Beryls  and  millerite  occur  at  the  east  end  of  the  present  workings ; 
and  the  locality  is  one  likely  to  prove  rich  in  other  minerals.  To  the 
east  and  south  is  an  extensive  area  of  diorite,  amygdaloid,  &c.  More 
than  100  tons  of  ore  have  been  sent  to  London. 
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Cambridge ;  wkk  XoUs  om  the  Chemical  Componticm  0f  mme  tf 
Ae  iZodb  of  the  Lisard  Distriei,  bj  W.  H.  Hodlascoa,  £a|^ 
ILA^  F.GJ3.    (Bead  May  23,  1877.) 
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L  Litvatare  of  the  tobjeet  and  Introdmstorr  lOAttar. 
3.  Q«nanl  dcKriptioa  of  the  vest  CoMaL 
S.  Q«Beff«l  deseriptioii  of  the  mat  ComL 

(«)  I^  eoMt  aooth  of  Corenek  Cove. 

(^)  TiMlgiiKMiBookiofOofenMkOav*. 

5l  SvamftTf  of  mfiBreaeea. 

€l  Mkroacppie  rTimiiMtfinn  of  the  SerpentineL 

7.  Ooaelonon. 

&  AmlTMeoftheroekB. 

Tki  fiiAowing  p^en  ooeor  in  the  '  Traosaetions   of  the  RoraZ 
Geolo^eal  Society  of  Comwail : ' — 

«'  Sketch  of  the  Geology  of  the  Lizard  District,"  by  A.  Maiendie, 

-Hinta  on  the  Geology  of  ComwaU,"  by  Sir  H.  Davy,  L  p.  aS. 

"^On  the  Serpentine  District  of  Cornwall,''  by  the  Rer.  J.  Rogers* 
n.  p.  418. 

**  CantribntioBa  towards  a  Knowledge  ci  the  Geology  of  Cornwall,^ 
hr  H.  S.  Boase,  ir.  p.  160. 

Hie  snlject  is  ako  treated  in  the  following  works : — 

^On  the  Physieal  Stractore  of  the  lizard  District,''  by  Profeaeor 
SedgwidL  (Trans.  Cambridge  PhflL  Soc  L  p.  291). 

*•  Report  on  the  Geology  of  Cornwall  and  DeTon,"  by  H.  T.  De 
la  Beche  (pnUiahed  1S39). 

*•  On  the  Serpentinite  of  the  Lixard,*  by  Profe.  W.  King  and  T. 
K  Rowney  (PhiL  Mag.  ser.  5,  toL  i.  p.  280). 

In  the  last  of  these  papers  the  authors  maintain  the  metamorphic 
character  of  the  serpentine,  bat  consider  it  probably  an  ahend 
pyroxenic  rock,  like  that  of  Bufanre  in  the  Fassa-ThaL  The  paper 
appears  to  hare  been  mainly  written  with  the  view  of  calling  at- 
tention to  imitatire  organic,  especially  Foraminiferal  stmctnres.  So 
fw  as  my  experience  goes,  any  thing  of  this  kind  is  very  rare. 

The  great  work  of  Sir  H.  De  la  Beche,  and  the  shorter  paper  of 
Professor  Sedgwick,  are  models  of  carefdl  observation ;  and  sereral 
things  mentioned  hereafter  have  been  already  noticed  by  them. 
The  fonnw  author  strongly  inclines  to  the  belief  that  the  serpentine 
is  of  igneous  <Higin,  though  he  admits  some  difficulties.  The  latter 
is  of  the  same  opinion,  but  suggests  that  the  gabbro,  greenstone 
(including  some  of  what  we  now  should  call  hornblende  schist),  and 
terpentine  may  be  portions  of  the  same  igneous  mass,  which  varied 
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in  mineral  composition.  As  neither  of  those  works  is  now  very 
readily  accessible,  and  I  wish  to  make  my  paper  as  complete  as 
possible,  I  have  occasionally  described  phenomena  noticed  by  them, 
althongh  it  has  added  slightly  to  the  length  of  the  communication. 
The  microscope  has,  I  hope,  enabled  me  to  explain  several  of  those 
phenomena  with  which  the  appliances  at  their  command  could  not 
deal.  >yhere  I  differ  from  them,  as  I  do  occasionally,  it  is  with 
diffidence,  and  only  because,  after  careful  consideration,  I  am 
unable  to  adopt  any  other  conclusion.  The  remaining  works  are 
generally  too  vague  in  their  terminology  to  be  of  much  use  at  the 
present  day*. 

For  the  general  features  of  the  Lizard  peninsula  I  must  refer,  for 
the  sake  of  brevity,  to  Sir  H.  De  la  Beche's  admirable  memoir ; 
suffice  it  to  say  here  that  the  district  of  which  I  more  particularly 
treat  may  be  described  as  a  plateau,  partly  cultivated,  partly  wild 
moorland,  which,  as  a  rule,  descends  precipitously  to  the  sea,  except 
where  it  is  furrowed  by  small  coves  and  gullies.  The  cliffs  often 
rise  vertically  from  100  to  200  feet  above  the  sea ;  of  beach  beyond 
the  high- tide  mark  there  is  but  little,  the  base  of  the  cliffs  being 
then  often  washed  by  the  waves  for  hundreds  of  yards  together. 
In  not  a  few  places  the  cliffs  are  totally  impracticable  from  above, 
and  could  only  be  examined  (without  a  hope  of  landing)  from  a 
boat  below  in  the  calmest  weather.  This,  of  course,  adds  greatly  to 
the  difficulty  of  investigating  the  district ;  for,  even  at  low  water, 
progress  at  the  base  of  the  cliffs,  where  possible,  is  often  laborious, 
and  the  state  of  the  tide  has  to  be  carefully  watched. 

The  district  described  in  this  paper  forms  the  southern  part  of 
the  Lizard  peninsula.  I  have  examined  the  coast  of  this  from 
Lizard  Head  to  Mullion  Cove  on  the  west  side,  and  from  the  same 
to  Manacle  Point  on  the  east,  as  carefully  as  circumstances  admitted, 
and  have  also  traversed  the  interior  in  two  or  three  directions. 

The  following  rocks,  the  positions  of  which  may  be  seen  on  the 
geological  map,  occur  in  the  above  district : — (1)  hornblende  schist ; 
(2)  serpentine;  (3)  gabbro;  (4)  granite  (restricted,  as  will  be 
shown,  to  the  west  coast) ;  (5)  greenstone,  t.  e.  dark  augitic  or 
homblendic  traps,  described  hereafter  in  detail,  restricted,  so  far  as 
I  know,  to  the  east  coast. 

The  most  convenient  arrangement  will  be  to  commence  with  a 
few  remarks  on  the  hornblende  schist,  next  to  describe  the  petrology 
and  stratigraphy  of  the  two  coast^sections  in  detail,  and  then  the 
inland  sections,  reserving  to  the  end  all  details  of  the  microscopic 
structure  of  the  serpentine. 

The  Hornblende  Schist. — Under  this  title  are  included  an  extensive 
group  of  rocks  which  I  do  not  profess  to  have  minutely  investigated, 
as  I  was  chiefly  occupied  with  the  rocks  of  presumed  igneous  origin. 
The  following  description,  however,  will  be  fairly  accurate : — This 

*  Mr.  Smyth,  in  bis  Presidential  Address,  Quart.  Joum.  Geol.  See.  xxiii. 

S.  Ixiii,  calls  attention  to  a  distinct  case  of  intrtision  of  the  serpentine,  and 
oubts  the  evidence  of  a  passage  into  gabbro.    He  also  mentions  some  inter- 
esting facts  supporting  the  theory  of  a  peridotic  origin  for  the  serpentine. 

Q.J.G.8.  No.  132.  3  m 
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rock  varies  in  the  hand  specimeD  from  a  black,  schistoee,  bat  not 
very  fissile  rock,  which  appears  to  consist  mainly  of  hornblende,  to  a 
dark  greyish  granitoid  rock,  in  which  the  hornblende  is  not  oon- 
spicnous,  and  the  prevailing  minerals  are  quartz  and  felspar  in 
ya  riable  quantities,  so  that  the  rock  sometimes  might  almost  be  called 
a  quartzite ;  at  others  it  resembles  a  vein  granite.  The  more  schifltosa 
homblendic  varieties,  on  a  closer  examination,  show,  generally,  fine 
white  specks  of  felspar.    Now  and  then  we  find  porphyritic  varietiefli, 
sometimes  with  felspar  crystals  about  |  inch  long,  sometimes  with 
hornblende  about  the  same  size ;  occasionally  also  the  rock  appean 
to  contain  a  talcose  or  chloritic  mineral  in  large  quantities,  especiallj 
when  it  shows  signs  of  decompodtion.     I  have  examined  micro- 
scopically three  varieties  of  this  rock — one  (1)  a  typical  specimen 
of  Uie  prevalent  black  hornblende  schist*,  another  (2)  a  dark  grey 
granitoid  variety,  and  the  third  (3)  a  greyish  quartzo-fel^>athic  ro^ 
very  difficult  to  distinguish  from  true  vein  granite. 

1.  About  two  thirds  or  more  of  the  field  is  occu|n€d  by  crystalline 
grains  of  hornblende  of  rather  irregular  outline,  witii  very  diaraeteris^ 
cleavage,  of  a  green  colour,  and  strongly  dichroio.  There  are  many 
small  rounded  or  vermicular  grains  of  a  black  mineral,  probmbly 
magnetite,  often  included  in  the  hornblende,  occasional  amall 
rounded  or  subangular  grains  of  clear  quartz,  and  a  few  small 
acicular  hexagonal  crystals,  probably  apatite.  The  rest  of  the  field 
is  occupied  by  a  kaolinized  or  altered  felspathic  mineral,  which 
seems,  in  parts,  as  if  it  had  never  been  perfectly  crystallized. 

2.  Taken  from  a  junction  with  a  gabbro  vein,  and  shows  traces  of 
foliation  parallel  to  the  common  surface.  Exhibits  an  imperfectly 
crystallized  and  decomposed  groundmass,  as  in  the  laut,  though  mocfa 
more  abundant,  as  well  as  numerous  fairly  defined  felspar  crystals, 
generally  plagioclase ;  quartz  rare ;  magnetite  less  abundant  than  in 
the  last,  as  is,  of  course,  the  hornblende ;  the  crystals  of  this  are  also 
more  irregular,  with  less-distinct  cleavage-plimes,  often  somewbal 
acicular,  platy  or  fibrous.  There  are  microliths — some,  probably, 
apatite ;  others,  shorter  and  strongly  dichroic,  may  be  tourmdine. 

3.  A  rarer  varietj-,  closely  resembling  a  vein  granite,  being  highly 
crystalline,  and  consisting  of  quartz,  felspar,  and  a  little  mica.  A 
microscopic  description  of  one  of  these  will  be  given  further  on. 

In  general  the  hornblende  schist,  except  in  the  darkest  and  most 
compact  varieties,  shows  distinct  signs  of  stratification  ;  sometimes 
thin  felspathic  (or  quartzose)  and  homblendic  bands  alternate, 
occasionally  exhibiting  current-bedding;  and  sometimes  quartzo-fel- 
spathic  strata,  &om  an  inch  to  a  few  feet  thick,  alternate  with  more 
homblendic,  chloritic,  or  earthy  layers.  Epidote  is  occasiontUy 
present  in  minute  quantities ;  and  veins  of  quartz,  felspar,  and 
fermginous  matter  occur.  Foliation  seems  generally  almost,  or 
quite,  parallel  with  the  stratification;  there  are  many  extremely 
beautiful  small  contortions.  The  rock  is  rather  sharply  jointed,  and 
weathers  into  bold  headlands,  dark  in  the  wash  of  die  waves,  grej 
and  lichen-covered  where  exposed  to  the  blasts. 

*  See  Mr.  Hudleeton  s  analytit,  p.  928. 
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At  the  south-west  comer  of  the  Lizard  peninsula  is  a  mass  of 
talco-micaceons  shales^  described  by  Be  la  Beche  (p.  29),  and  sepa- 
rated in  his  map.  As  far,  however,  as  I  can  make  out,  they  only 
form  a  zone  with  some  slight  lithological  peculiarities  in  the  hom- 
blendic  schist,  into  which  they  seem  to  pass  almost  insensibly.  These 
may  be  well  studied  in  the  descent  to  the  shore  at  Polpepr,  and  in 
the  base  of  the  cliffs  there. 

Tlu  WesUm  Coast. 

Following  the  cliffs  from  Polpeor  for  about  a  mile  in  a  straight 
line,  we  come  to  the  first  junction  with  the  serpentine,  at  the  south 
end  of  the  narrow  strip  of  sand  called  Pentreath  Beach ;  a  little 
chine  runs  almost  along  the  line  of  junction.  To  make  out  the 
relations  of  the  two  rocks  here  is  no  easy  task ;  both  are  extremely 
decomposed  for  some  yards,  and  traversed  by  numerous  cracks,  which 
are  filled  with  calcite,  often  stained  red  with  haematite,  and  project 
like  a  network  from  the  weathered  ground.  The  rocks  are  thus 
almost  brecciated  in  situ.  The  difficulty  is  caused  by  the  dose 
resemblance  of  the  two  rocks  in  their  extremest  decomposition,  so 
that  it  is  sometimes  almost  impossible  to  separate  them.  After  two 
or  three  visits  and  a  most  minute  examination,  I  think  I  have  suc- 
ceeded. The  cliff  on  the  north  bank  of  the  little  chine  is  all  ser- 
pentine; on  the  south  the  headland  is  all  hornblende  schist;  but 
after  a  few  yards  the  serpentine  rises  from  the  shore  and  forms  the 
lower  part  of  the  diff,  its  boundary  curving  gradually  upwards. 
Thus  there  is  not  really  a  passage  from  the  one  rock  to  the  other 
here,  or  a  faulted  junction,  but  the  serpentine  is  intrusive.  The 
serpentine  then  forms  the  cliffs  as  far  as  they  can  be  followed ;  above 
them,  near  the  upper  end  of  the  beach,  and  some  50  feet  above  it,  a 
granite  vein  brea^  in  two  or  three  places  through  the  serpentine, 
which  is  cracked  and  altered  at  the  junction ;  the  granite  is  finely 
crystalline,  chiefly  composed  of  quartz  and  felspar,  with  only  a 
little  mica ;  it  is  of  a  pinMsh  grey  colour,  becoming  red  and  friable  in 
weathering.  One  mass  has  carried  up  some  irregular  fragments  of 
•  homblendic  schist.  Close  by  is  another  mass  of  homblendic  schist, 
included  in  the  serpentine,  possibly  forced  into  it  by  the  granite ; 
and  another  included  mass  may  be  seen  on  the  beach  below.  On  the 
hillside,  a  short  distance  beyond,  is  a  serpentine-quarry.  Two  of 
the  varieties  of  the  rock  obtained  here  are  very  pretty  (no.  1  *) : — one, 
of  a  dull  rod  colour,  irregularly  mottled  with  a  waxy-looking  dull 
green  mineral,  with  occasional  flakes  of  greenish  bronzitet,  rather 
hard  and  irregular  in  fracture ;  the  other,  a  dull  purplish  red,  veined 
with  greyish  green,  the  latter  generally  fringing  a  thin  dark  line, 
like  a  crack,  and  forming  a  sort  of  polyhedral  network.  It  is  pro- 
bably only  the  result  of  decomposition,  but  produces  a  very  pretty 
eifect.     At  the  north-east  angle  is  a  bifurcating  granite  vein,  about 

*  These  numbers  are  for  reference  in  the  microscopic  descriptions, 
t  Until  I  come  to  the  microHOopic  examination  of  the  serpentine,  I  shall  use 
this  term  as  generic,  to  wclude  either  metalloidal  diallage  or  enstatite. 

^11  2 
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a  foot  wide,  colour  and  texture  much  as  before;  the 
adjoining  is  much  baked.  In  a  small  excavation  on  the  east  fide  «f 
the  quarry,  a  piece  of  hornblende  schist  may  be  seen  included  im  the 
serpentine. 

Passing  on  northwards  we  find  a  granite  vein  exposed  on  tbe 
north  side  of  the  little  cove  just  before  reaching  Kynanoe,  aad 
another  at  the  zigzag  of  the  road  descending  to  that  cove.  S«rpM- 
tine  forms  the  cliffs  on  the  mainland,  the  large  island,  the  Stoepb 
rock,  and  some  of  the  smaller  skerries ;  it  is  generally  of  a  doll  red, 
mottled  with  dark  green,  which  often  coats  the  joints  (ao-  2). 
Much  of  it  shows  the  sharp  but  rather  irregular  jointing  so  oommaB 
in  the  Lizard  serpentine;  one  of  the  nearer  skerries,  howerer, 
exhibits  a  very  distinct  jointing  in  a  series  of  parallel  corres,  00^ 
as  we  not  seldom  see  in  igneous  rocks.  But  three  or  four  of  tiie 
ree&  that  rise  from  the  sandy  spit  joining  the  island  to  the  mainlaiid 
are  highly  crystalline  hornblende  schist ;  and  about  the  same  number 
are  little  bosses  of  yein  granite :  two  small  bosses  of  this  ako  fie 
just  opposite  to  the  opening  of  the  cove.  Of  this  there  is  a  larger 
boss  in  the  middle  of  the  serpentine,  above  the  "  Drawing-room  ** 
cave,  and  another  on  Asparagus  Island,  just  beyond  and  abore  the 
"  Post  Office ;"  these  two  bake  and  crack  the  adjoining  serp^itine^ 
and  resemble  that  already  described. 

By  scrambling  over  the  boulders  along  the  beadi  to  the  north  of 
the  Steeple  rock  we  come  (in  about  100  yards)  to  a  most  interesting 
and  difficult  section.  At  first  sight  it  seems  rather  to  confirm  the 
idea  of  a  passage  from  hornblende  schist  into  serpentine,  the  two 
rocks  being  apparently  interstratified,  almost  vertically,  in  a  low 
terrace-like  step  at  the  foot  of  the  cliff  which  is  of  serpentine.  As 
we  face  this,  we  have  on  the  south  (1)  serpentine,  (2)  a  mass  of 
grey,  rather  sandy  ^^ hornblende  schist,"  about  8  feet  thick, with  aj^- 
rently  many  thin  laminaB  of  red  serpentine,  (3)  red  serpentine  (no.  3), 
rather  fissile  in  structure,  two  and  a  half  feet,  (4)  a  dark  brownish 
grey  rock  with  crystals  rather  resembling  diallage,  two  feet,  (0)  red 
serpentine,  four  and  a  half  feet,  divided  by  a  thin  band  of  the  schist 
(2),  then  (6)  bedded  schist  like  (2),  with  the  apparent  layers  of 
serpentine,  for  about  six  feet.  Here  a  branching  granite  vein 
breaks  very  irregularly  through  the  schist  on  the  top  of  the  terrace, 
and  shows  again  in  three  places  in  the  shore  just  at  the  foot.  TVlien 
we  examine  carefully  the  back  of  this  terrace,  we  see  that  all  this 
schistose  mass  is  really  included  in  the  main  mass  of  serpentine.  A 
great  fragment  of  schist  has  been  caught  up  by  that  rock  when 
molten ;  some  of  the  beds  composing  it  have  been  forced  asunder 
and  parted  by  tongues  of  serpentine.  The  apparent  interstratifi- 
cation  of  schist  and  serpentine  on  a  smaller  scale  is  due  to  the  fact 
that  a  serpentinous  mineral  has  been  deposited  by  infiltration  in  the 
schist  (as  is  commonly  the  case  near  a  junction) ;  and,  further,  the 
staining  of  certain  layers  by  red  peroxide  of  iron  makes  them 
simulate  a  rather  decomposed  serpentine.  In  two  or  three 
cases  these  may  be  the  ends  of  thin  tongues  of  intruded  ser- 
pentine ;  but  inmost  the  red  streak  is  certainly  not  true  berj»en- 
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tine.  Finally,  a  granite  vein  has  cut  irregularly  through  all  these 
rooks. 

The  rock  (4)  is  not  easy  to  determine ;  its  texture  is  coarser  on 
the  face  of  the  crag  than  it  is  along  the  outcrop  a  few  feet  back ;  I 
have  had  slides  prepared  from  each  part.  The  finer  variety  consists 
of  an  interwoven  mass  of  rather  acicular  crystals  of  hornblende 
(actinolite),  in  a  dear  base,  which,  with  crossed  prisms,  either  remains 
dark  or  exhibits  an  obscure  microcrystalline  structure.  This  in  parts 
seems  to  resemble  steatite ;  in  others  it  is  more  like  one  of  the 
peeudomorphic  products  after  felspar,  which  will  be  noticed  below. 
Granules  of  magnetite*  are  scattered  about ;  and  there  are  some  very 
irregular  grains  or  plates  of  a  brown  hornblende,  full  in  many  parts 
of  a  black  dust.  This  mineral  appears,  from  its  cleavage,  to  have  a 
platy  structure.  In  the  coarser  specimen  there  appears  still  more  acti- 
nolite, and  the  brown  hornblende  grains  are  much  larger ;  they  appear 
in  some  cases  to  have  been  broken  or  partly  destroyed  a^r  they 
had  been  formed.  The  mineral  to  the  eye  has  a  clove-brown  colour ; 
it  much  resembles  anthophyllite,  but  is  certainly  not  an  ortho- 
rhombic  piineral ;  probably  it  is  the  variety  of  hornblende  noticed 
by  Rosenbusch  (Mikr.  Phys.  p.  264).  I  believe  that  this  rock  was 
originally  a  hornblende  schist,  that  its  entanglement  with  the  in- 
trusive rock  affected  it  to  some  extent,  and  that  since  then  it  has 
undergone  further  changes,  chiefly  by  the  action  of  water. 

Nearly  above  this  place,  at  the  top  of  the  cliff  (the  Eill),  is  a  land- 
slip, or  a  deserted  quarry,  of  considerable  size.  Here  are  two  granite 
veins  in  the  serpentine — one  about  4  feet  wide,  forming  a  curved  dyke 
running  up  the  face  of  the  higher  cliff,  the  other  showing  in  it  a  short 
distance  towards  the  south.  Both  are  much  decomposed  and  of  a  red 
colour ;  they  crack  the  serpentine  in  contact  considerably ;  and  in 
places  it  is  so  much  altered  that  for  a  few  inches  it  might  be  taken 
for  a  talcose  schist.  We  have  thus  an  irregular  line  of  veins  and 
small  bosses  of  granite  extending  pretty  continuously  over  more  than 
half  a  mile.  The  serpentine  forming  the  cliff  just  mentioned  is 
compact  in  texture,  of  a  dull  purplish  colour ;  the  bronzite  crystals 
are  few  and  small  (no.  4).  When  examined  carefully  the  rock 
shows  a  sort  of  parallel  streaky  structure,  indicated  by  darker  lines ; 
the  faces  of  the  joints  are  coated  by  films  of  green  or  whitish  steatite ; 
and  old  surfaces  weather  dark  rusty  brown.  The  parallel  structure 
becomes  much  developed  by  the  weathering,  and  might  easily  induce 
the  supposition  that  the  rock  was  really  stratified.  It  is  par- 
ticularly well  exhibited  along  the  down  to  the  north  of  Kynance 
Cove,  though  it  may  also  be  observed  to  the  south  of  it,  as  in  other 
places.  In  the  coarser  varieties  the  structure  appears  to  be  formed 
by  bronzite  crystals,  which  have  resisted  weathering  better  than  the 
matrix  in  which  they  are  imbedded. 

♦  To  save  time,  I  shall  use  thiB  term  for  the  opaque  mineral,  obriously  aii 
oxide  of  iron,  common  in  manj  of  the  rocks  described  below.  As,  however,  it 
generally  occurs  in  small  rounded  grains,  I  cannot  be  sure  that  it  is  always  mag- 
netite, since  it  may  be  ilmenite.  Ohromic  iron  has  been  found  in  serpentine 
near  Cadgwith  (Trans.  B.  Gt.  S.  Com.  ix.  99). 
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We  pass  now  along  the  edge  of  the  cUflGi  northward ;  di»e  «• 
not  seldom  so  precipitous  as  to  make  a  close  examination  imponib^ 
The  serpentine  varies  in  character,  heing  sometimes  diill  and  eom- 
pact,  sometimes  redder  in  colour,  and  containing  larger  bToniite 
crystals.  The  headland  called  the  Horse  is  remarkable  for  the 
boldness  of  the  jagged  rocks  that  form  its  crest,  which  in  form, 
colour,  and  even  in  aspect,  recall  memories  of  the  gabbro  of  the 
Cuchullin  Hills ;  the  rock,  however,  is  an  ordinary  serpaitine. 

Nearly  a  mile  in  a  direct  line  north-west  from  Kynanoe  is  a  offre 
called  Gue  Graze.  A  gully  on  the  north  side  exhibits  a  granits 
vein ;  it  resembles  that  already  seen*.  On  descending  to  the  heaA 
we  find  the  serpentine  is  in  places  much  brecciated  and  cemented  bj 
steatite,  which  is  here  abundant.  Much  of  the  serpentine  on  the 
beach  is  rather  peculiar  in  appearance  (no.  5),  being  of  a  doll  red 
colour,  with  obscure  dark  greenish  lines,  a  slightly  rougher  fractme, 
and  (under  the  lens)  more  granular  texture  than  common ;  it  is 
also  remarkable  for  hardness  and  the  absence  of  conspicnons  bronzite. 
In  many  places  it  is  sand-polished.  The  joints  are  often  coated,  as 
usual,  with  films  of  green  steatite. 

Eeturning  to  the  higher  ground  and  passing  Yellan  Head,  we  ood- 
tiuue  to  observe  the  apparently  stratified  structure  in  the  serpentina, 
which  sometimes  even  seems  to  mimic  current-bedding.  Near  the 
Head  its  dip  is  fairly  persistent,  about  50°  south  ;  but  this  does  noi 
continue  for  long ;  I  observed,  however,  that  it  was  often  paralki 
to  one  of  the  leading  systems  of  joints ;  and  hereabouts  faiiiy  defined 
tabular  jointing  is  not  unusuaL  The  end  of  the  serpeniine  is  reaidwd 
at  a  spot  called  TJgethawr,  on  one  side  of  George's  Cove,  to  the  eooth 
of  the  place  where  a  well-marked  valley  descends  to  the  sea ;  tiina 
the  breadth  of  this  practically  uninterrupted  tract  of  serpoitzne, 
measured  in  a  straight  line  from  sea  to  sea,  is  about  2|  miloe.  I  oonld 
not  find  the  actual  junction  of  the  hornblende  schist  and  sefpeatine 
on  the  rocky  slope ;  but  it  is  possible  to  scramble  down  to  the  water's 
edge,  and  there  it  can  be  discovered  in  a  little  sea-cave.  It  is  in 
many  respects  an  interesting  one.  The  hornblende  schist  is  rather 
compact  and  very  dark ;  so  also  is  the  serpentine,  especially  near  the 
junction — so  compact,  dark,  and  hardt,  indeed,  and  with  so  oon- 
ohoidal  a  fracture,  that  at  first  sight  it  might  readily  be  mistaken  for 
Lydian  stone ;  it  overlies  the  hornblende  schist,  which  here  dips 
rather  evenly  about  60°  W.N.W.,  and  seems  to  be  closely  welded  to 
it.  One  or  two  thin  tongues  of  serpentine  are  thrust  into  the  sMst 
within  a  foot  or  two  of  tiie  junction.    The  serpentine  is  therefore 

*  The  granite  of  Gue  Graze  may  be  regarded  as  fairly  typtoalof  the  rem  oa 
the  west  coast ;  so  that  it  is  the  only  one  wnioh  I  have  examined  microeoopioally. 
It  consists  of  quarts  and  felspar,  both  orthoclase  and  plagioclate.  There  is  a 
scale  or  two  of  magnesia  mica,  a  good  many  small  clusters  of  minute  |^ranu1es  of 
magnetite,  with  some  fine  needles  and  asbestiform  fibres,  some  of  which  I  think 
are  tourmaline.  There  is  an  orthorhombic  mineral  of  secondary  origin  here 
and  there  in  the  felspar,  probably  prehnite.  One  rather  abundlant  microtith 
seems  to  be  apatite ;  but  there  is  probably  another  minend  also  present.  Alto- 
gether there  are  a  good  many  included  mioroliths  and  some  minute  oavitiee. 

t  Its  hardness  raries  slightly,  but  is  about  5. 
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intmsiTe;  but  the  junction  is  a  remarkably  dean  one,  and  the 
dose  correspondence  in  colour  adds  to  the  difficulty  of  seeing 
it.  The  serpentine,  in  places,  near  the  junction  exhibits  very 
regular,  thin,  parallel  bands,  of  a  greyish  green  mineral,  and  of 
very  lustrous  chrysotile,  and  is  in  all  respects  a  remarkable  variety 
(no.  6). 

The  serpentine  is  not  again  seen  on  the  coast  till  the  other  side  of 
the  bold  headland  of  Pradanack  Point,  rather  more  than  a  mile  away 
in  a  straight  line.  The  boundary  line  between  it  and  the  hornblende 
schist,  according  to  the  geological  map,  curves  inland,  the  greatest 
distance  from  the  sea  being  a  good  half  mile.  I  have  not  traced  it, 
bat  have  examined  the  serpentine  in  a  small  pit,  not  far  from  the 
boundary,  on  the  left  bank  of  the  valley  mentioned  above.  Here 
the  rock  is  rather  decomposed  and  traversed  by  many  joints,  coated 
by  a  white  steatitic  film ;  in  parts  it  shows  some  indications  of  a 
streaky  structure;  the  colour  is  a  dull  earthy  red  to  brown.-  The 
rock  is  full  of  minute  scales,  of  a  talcose  aspect,  which  gives  a 
glimmering  lustre  to  the  broken  surfaces.  Fracture  rather  uneven 
(no.  7). 

The  dark  crags  of  hornblende  schist  which  form  the  northern  side 
of  Pradanack  headland  are  singularly  grand,  as  are  the  difiUs  of  the 
next  mass  of  serpentine.  The  junction  here  is  difficult'  to  examine. 
A  small  gully  seaming  the  face  of  the  cliff  marks  it,  as  is  often  the 
case ;  but  though  we  spent  some  time  in  careful  search  over  the 
accessible  parts,  we  could  find  no  actual  contact,  though  we  traced 
the  two  up  to  within  a  yard  of  each  other.  This  mass  of  serpentine 
is  also  dark ;  a  specimen  obtained  a  few  yards  from  the  gully  is  of  a 
dull  olive,  approaching  black  (streaky  structure  clearly  indicated  by 
paler  lines),  rather  unequal  fracture,  and  lustreless  surface ;  joints 
coated  with  paler  greenish  films.  The  hornblende  schist  is  much 
broken  and  disturbed  near  the  junction,  and  looks  as  if  in  the  vicinity 
of  an  intrusive  rock.  The  dip,  in  a  glen  a  little  south  of  the  above 
spot,  was  65**  E.N.E. 

The  celebrated  Mullion  Cove  is  the  end  of  a  valley  which  very 
nearly  defines  the  northern  limit  of  this  mass  of  serpentine ;  it  is, 
however,  cut  everywhere  through  the  hornblende  schist.  The  actual 
junction  is  masked  by  d^ris  ;  so  this  also  is  inconclusive. 

The  serpentine  at  the  northern  end  varies :  most  of  it  is  dark  dull 
green  to  black  ;  but  in  one  place  it  assumes  a  redder  tint.  A  common 
variety  has  a  dark,  almost  black,  matrix,  full  of  small  scales  of  glit- 
tering mineral,  similar  to,  but  darker  than,  those  at  Pradanack  (no.  8). 
A  fine  sea^cave  here  well  repays  a  visit. 

A  very  short  distance  beyond  the  cove  is  another  mass  of  serpen- 
tine, not  marked  in  the  map,  dull  in  colour,  streaky  in  structure, 
resembling  that  in  the  southern  part  of  that  which  has  just  been 
mentioned.  There  is  sometimes  a  little  difficulty  in  tracing  the  exact 
junction  of  this  and  the  hornblende  schist ;  but  there  can  be  no  doubt 
that  the  serpentine  is  intrusive  ;  on  the  northern  side,  against  the 
diff,  is  an  included  fragment  of  the  schist.  Again,  the  headland  to 
the  west  of  the  above  is  serpentine,  with  two  included  fragments  of 
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sdiist  by  the  track  which  ascends  it ;  the  adjoining  islands  appear  to 
be  one  serpentine,  the  other  schist. 

The  hornblende  schist  on  each  side  of  the  cove  has  a  fairly  regular 
strike,  of  aboat  S.  2^  W.,  nmning  straight  at  the  main  maas  o{ 
serpentine,  and  dips  at  a  high  angle  (about  86"^)  on  the  western  side ; 
north  of  the  above  spot  I  could  not  find  any  more  serpentine. 

The  Eastern  Coast. 

(a)  The  Coast  to  Coveraek, — ^The  sections  on  this  coast  are,  on  the 
whole,  more  complicated  than  those  on  the  western.  Commenciiig  at 
the  narrow  cove  of  Perranvose  near  Landewednack,  we  find  this  cnt 
down  to  the  shore  through  hornblende  schist ;  but  by  turning  aside 
along  a  track  before  the  steepest  part  of  the  descent,  we  are  in  a 
few  minutes  brooght  to  a  serpentine-quarry  at  the  top  of  the  e^fb 
above  the  sea. 

By  the  side  of  the  road  leading  into  this,  the  junction  of  the 
serpentine  with  the  hornblende  schist  is  well  seen.  The  former 
overlies  the  latter,  following  very  nearly  the  plane  of  its  bedding, 
which  here  dips  at  about  40°.  The  last  foot  or  so  of  the  serpentine 
is  extremely  rotten,  crumbling  into  dust  under  the  fingers:  the 
hornblende  slate  is  also  rotten,  and  stained  red ;  hence,  as  is  often 
the  case,  the  junction  may  be  easily  overlooked.  Its  nature,  how- 
ever,  is  clear  ;  for  careful  search  will  detect  two  small  tongnes  of 
serpentine  a  few  yards  distant  in  the  hornblende  slate — the  larger 
about  2  feet  in  diameter.  They  are  extremely  rotten,  but  un- 
doubtedly are  serpentine. 

The  quarry  furnishes  some  handsome  varieties  of  this  rock,  gene- 
rally a  compact  purplish  or  reddish  brown  groundmass,  mottled  and 
veined  with  pistachio  green,  in  which  are  small  groups  of  bronzite 
crystals  of  greenish  hue  and  submetallic  lustre,  and  sometimes 
veins  of  brightish  red  hsBmatite  (no.  9).  Some  masses  are  almost 
wholly  of  a  grey-green  colour ;  but  this  is  only  the  result  of  decom- 
position ;  in  some,  minute  crystals  of  magnetite  are  common.  The 
lower  part  often  exhibits  a  curious  fissile  structure,  the  cracks 
being  filled  by  calcareous  films.  Sometimes  the  latter  are  about  | 
inch  thick  and  the  mineral  is  aragonite. 

By  descending  the  "  tip  "  of  the  quarry  to  the  beach  and  walking 
to  the  end  of  a  littie  headland,  we  have  further  proof  of  the  intru- 
sive character  of  the  serpentine.  The  headland  consists  of  horn- 
blende schist,  resting  on  serpentine  which  forms  a  little  isthmus ; 
the  slope  on  the  south  of  the  ^^  tip  "  shews  hornblende  schist  with 
intrusive  tongues  of  serpentine ;  then  two  or  three  more  masses  of 
hornblende  schist  crop  out  in  the  slope ;  and  finally  there  is  a  small 
headland  of  that  rook.  On  the  other  side,  beyond  the  d^ris,  is  ser- 
pentine curving  round  to  another  little  headland  of  the  same  rock. 

Rounding  this,  we  enter  a  second  little  recess,  and  passing  two  frag- 
ments of  schist  included  in  the  serpentine,  come,  on  the  opposite  side, 
to  a  third  of  the  most  singular  shape.  Any  one  looking  at  the  outline 
only,  would  take  it  for  a  dyke  (see  ^g,  1).     The  bedding  however, 
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and  mineral  character  of  the  rock  are  perfectly  distinct.  Other 
smaller  masses,  included  in  the  serpentine,  will  be  noticed  on  the 
shore,  in  some  cases  indicating  by  their  peculiar  jointing  that  they 

Fig.  1. — Irregular  Strip  of  Hornblende  Schist  caught  up  hy 
Serpentine. 


A.  Hornblende  schist.  (The  parts  shaded  by  fine  lines  are  serpentine.) 
have  been  subjected  to  heat.  Clambering  on  at  the  base  of  the  serpen- 
tine crags,  we  enter  a  small  bay  with  a  narrow  shore,  almost  divided 
into  two  by  a  slight  projection.  Soon  after  entering  the  nearer  of  these 
we  pass,  at  the  base  of  the  cliff,  two  small  intrusive  gabbro  veins, 
the  nearer  at  most  about  two  feet  thick  and  branching,  the  other 
about  half  as  much.  The  rock  is  dark  in  colour,  partly  owing  to 
staining  from  the  serpentine,  and  rather  coarse.  This  bay  also 
exhibits  well  the  relations  of  the  schist  and  serpentine.  The  luxu- 
riant herbage  generally  masks  actual  junctions,  except  in  one  place 
near  the  base  of  the  cliff,  where  the  serpentine  may  be  seen  gradually 
passing  across  the  broken  ends  of  the  beds  in  the  schist ;  but 
without  this  evidence  the  relations  of  the  schist  and  serpentine  in  the 
cb'ff  cannot  be  wholly  explained  by  faults. 

A  gabbro  vein  in  thehomblende  schist  should  be  noticed;  it  is  about 
half  a  yard  thick,  and  in  form  a  rude  rhomboid  (fig.  2).   It  exhibits  a 

Fig.  2. — Foliated  Oahbro  Vein  in  Hornblende  Schist  at  the  Balk. 
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marked  foliated  straotare,  the  felspar  and  the  pyrozenic 
heing  to  a  great  extent  separated,  and  the  latt»  mnniiig^  in  mom 
ron^y  parallel  to  the  longer  sides  of  the  vein,  except  towmide  tb» 
top,  where  it  tends  to  hecome  parallel  to  the  upper  sar&oe.  Thk 
straotare  is  more  conspionons  near  the  lower  sorfaoe.  The  febpir, 
at  any  rate  on  the  exterior,  is  a  dull  yellowish  white ;  the  other  ooft- 
stituent,  as  is  very  common  here,  is  chiefly  made  ap  of  nuinl* 
crystals  of  hornblende,  which,  as  wiU  presently  be  explained,  bxvs 
almost  entirely  replaced  the  diaUage.  Some  six  feet  above  the  end 
of  this  vein  a  tongue  of  serpentine,  about  1^  foot  wide,  i 
the  schist. 

The  bay  is  bounded  by  a  small  headland ;  and  the  shore  is 
with  fallen  blocks  of  schist  and  coarse  gabbro.     I  will  first  deecribe 
their  general  relations,  then  discuss  their  lithologieal  character. 

The  gabbro  and  hornblende  schist  are  here  mixed  up  in  the  oMst 
extraoidinary  way;  the  gabbro  has  penetrated  again  and    agaia 
through  the  latter,  crumpling  up  pieces  of  it  in  pla^  so  much  tint 
it  is  difficult  to  bcdieve  they  come  from  a  sedimentary  lo^     The 
best  example  of  this  intricate  intrusion  can  be  seen  fran  a  narrow 
track  just  above  the  headland.    Here  some  of  the  Tons  of  gahbro 
are  only  an  inch  or  two  wide  and  about  a  quaiter  IMck  ;  they  thin 
away  to  mere  strings,  but  remain  rather  coarsely  ciystalline  to  the 
last.    This  seems  to  indicate  that  the  whole  mass  df  the  rock  was 
at  a  pretty  imiform  high  temperature  at  time  of  the  intrusion.     The 
so-cdled  granite  vein  is  a  grey  bed  of  a  highly  altered  rode :  a  crys- 
talline granular  compound  of  quartz,  felspar,  and  a  little  mica  or  horn- 
blende.  At  the  base  it  is  most  difficult  to  distinguish  from  ydn  granite. 
Still,  after  several  very  long  and  careful  examinations  of  i^  part 
of  the  coast,  I  am  quite  convinced  that  it  is  merely  a  case  of  extreme 
alteration,  and  that  there  is  no  granite  here.     Below  this  is  anodur 
intruded  mass  of  gabbro,  terminating  in  a  broad  broken  tongue,  tiie 
root  of  which  rests  upon  a  prominence  of  serpentine.     Hence  both 
these  rocks  are  here  intrusive  in  the  schist.    On  the  northern  side 
of  the  headland  we  have  a  large  mass  of  gabbro  intrusive  in  and 
enclosing  blocks  of  hornblende  schist — and  three  masses  of  ser- 
pentine, one  of  large  size. 

The  hornblende  schist  is  here  rather  variable  in  character,  having 
much  less  hornblende  than  in  the  ordinary  black  variety,  and  a  oon- 
siderable  quantity  of  felspar  and  quartz.  The  gabbro  usually  oonsists 
of  an  opaque  white  or  pale  cream-coloured  mineral  of  rather  granular 
fracture,  and  of  dialkge  which  is  often  replaced  wholly,  or  to  a 
great  extent,  by  a  green  mineral,  something  Hke  chlorite.  The 
former  under  tlie  microscope  appears  irregular  in  outline,  partly 
semitransparent,  partly  occupied  by  more  or  less  opaque  dotted 
aggregates  of  dark  grey  dust.  Indications  of  deavage-planes  may 
be  sometimes  traced  in  this,  shewn  by  fine  parallel  more  transparent 
lines.  With  crossed  prisms  this  mmeral  is,  as  might  be  expected, 
almost,  or  quite,  dark,  the  dearer  portion  appearing  as  an  aggregate 
of  minute  crystalline  granules  and  microliths  of  ill-defined  fonn 
showing  faint  colours,  with  occasional  small  irregular  interspaoea  <tf 
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~  a  pale  translucent  bluish  grey.  Now  and  then  there  is  a  portion  still 
showing  the  colour  and  striping  of  plagiodase  felspar.  This  altera- 
tion is  very  common  in  the  gabbros  of  this  district.  Some  from 
CoTerack  Cove,  which  I  shall  presently  describe,  show  it  in  an  early 
stage ;  some  from  Karak  Clews  in  a  later ;  a  specimen  also  frt>m 
this  very  headland,  cut  to  shew  the  junction  of  the  gabbro  with 
the  hornblende  schist,  still  retains  its  plagiodase  in  many  parts 
unaltered.  A  similar  alteration  has  taken  place  in  a  gabbro  which 
I  have  collected  from  Mont  Colon,  in  the  Pennine  Alps ;  and  I  hare 
observed  it  in  not  a  few  other  cases.  I  regard  the  mineral  therefore 
as  a  kind  of  pseudomorph,  the  result  of  the  alteration  of  labradorite 
or  some  plagioclase  felspar.  It  is  the  mineral  often  called  saussu- 
rite,  and  is  quite  as  hard  as,  sometimes  a  little  harder  than  ordinary 
felspar  *. 

llie  other  mineral  is  sometimes  diallage  f,  but  in  others  a  rather 
dark  green  mineral,  something  resembling  chlorite  at  first  sight ; 
microscopic  examination  proves  this  to  be  hornblende.  The  larger 
patches  are  found  to  be  composed  of  irregular  aggregates  of  snuJl 
prismatic  crystals  and  grains  (or  possibly  occasionally  folia)  of  that 
mineral ;  these  are  generally  pale  green  in  colour,  fairly  dichroio, 
changing  from  a  strong  dull  green  to  a  sort  of  straw-green,  and  now 
and  then  showing  very  distinctly  the  characteristic  cleavage  along  ooP 

(fig.  3).   On  examining  a  series  of  specimens,  both  macrosoopically  and 

Fig.  3. — HarnhUnde  in  Oahhro  Vein  from  the  Balk, 


The  part  left  white  is  altered  felspar 

microscopically,  this  change,  which  we  shall  find  to  be  very  common 
in  these  Cornish  gabbros,  is  seen  to  take  place  as  follows : — ^The  ag- 
gregated hornblende  crystals  form  as  a  kind  of  border  to  the  diallage 
fig.  7,  p.  912),  when  the  latter  generally  becomes  rather  opaque  under 
;he  microscope  and  loses  its  brilliant  colours  with  polarized  light,  and 
ts  metallic  lustre  with  reflected  light,  assuming  a  greenish  colour  and 
ilky  aspect.  Small  crystals  of  hornblende  also  appear  here  and  there 
n  the  body  of  the  crystal,  inserting  themselves,  as  it  were,  between 


*  See  Mr.  Hudleston's  analysis,  p.  927. 
t  See  Mr.  Hiidleeton's  analysis,  p.  927. 
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the  planeB  of  principal  deavage ;  until  at  last  the^wbole  crysfcal  ia 
oonyerted  into  an  aggr^ate  of  small  crystals  of  hornblende.  Fran 
the  general  appearance  of  the  mineral  I  take  it  to  be  aotiiMftike, 
whidi  as  a  non-alominons  variety  of  hornblende  ^woold  matt, 
readily  be  formed  from  ordinary  diallage.  In  manyj^caaees  it  is 
almost  fibrous  in  stmctnre ;  then  it  is  psJer  in  colour  and  £ec^ 
dichroic.  The  specimens  which  I  have  examined  haye  not  shown  me 
any  diyine ;  yet,  as  we  shall  presently  see,  this  mineral  abounds  in 
thegabbro  farther  north.  This  ahsence  seems  strange :  I  Ixare,  haw- 
oyer,  some  reason  to  think  that  it,  too,  in  this  case,  has  been  replaeed 
by  actinolite^. 

The  '^  granite  vein  "  headland  is  a  prominence  on  a  rather  larger 
one ;  beyond  this  is  a  little  diine  and  another  small  headland.  Orvr 
this  space  serpentine  predominates ;  but  fragments  of  bombleiMie 
sdust  are  induded,  and  intmsiye  dykes  and  veins  of  gabbro  are 
common.    £very  step  shows  something  new  and  interesting.      At  one 
place  the  gabbro  on  the  left,  and  the  serpentine  on  the  right,  make 
an  almost  vertical  junction  in  the  diff.     The  former  indudea  a  loi^ 
strip  of  hornblende  schist  in  an  upright  position ;  the  latter  aaanmea 
near  the  junction  a  rather  fissile  character.    Often  it  woold  be 
hard  to  say  whether  the  serpentine  or  the  gabbro  were  the  intruder ; 
but  here  and  there  may  be  found  oondusive  evidence  that  the  latter 
is  the  newer.    The  gabbro  is  coarse,  the  diallage  crystals  being  some- 
times veiy  laige,  one  composite  specimen  being  about  6"  x  ^'  x  2". 
The  foliated  structure  mentioned  above  is  often  seen ;  and  I  observed 
that,  as  a  rule,  it  was  best  developed  where  the  gabbro  intenected 
the  hornblende  schist,  especially  where  it  had  passed  betweoi  two 
masses  along  the  plane  of  bedding.   As  the  whole  mass  cooled,  these 
already  solid  schists  would  doubtless  produce  a  definite  pressure  on 
the  crystallizing  rock  between  them  at  right  angles  to  their  bounding 
surfaces,  and  so  determine  its  structure.     I  have  seen  the  mica 
crystals  in  a  granite  vein  which  had  broken  throDgh  angular  frag- 
ments of  a  schist  lying  at  right  angles  to  normaLs  from  their  surfaces, 
and  have  often  observed  that  on  the  outside  of  a  granite  vein  the 
mica  plates  tend  to  lie  parallel  to  the  surface. 

The  next  headland  exhibits  both  serpentine  and  gabbro  intrusive 
in  schist,  with  a  large  felspar  vein.  But  it  is  needless  to  carry  these 
details  farther ;  so  I  will  select  one  more  section  for  description,  the 
last  which  can  be  reached  from  the  shore.  Here  a  lofty  diff  of 
serpentine  is  shattered  by  veins  of  gabbro,  one  of  which,  about  ten 

*  I  hare  good  reason  to  beUeTe  that  this  replaoement  of  anpito  or  diallagt 
by  a  form  of  hornblende  has  taken  place  in  sereral  of  the  Welsh  "green- 
stones.'* It  is  not  precisely  a  paramorphic  proccM  like  the  formation  at 
uralite,  nor  a  peeadomorphic,  because  the  form  of  the  original  aystal  is  oftca 
lost,  but  a  replacement  of  a  mineral  by  another,  whidi,  if  not  really  a  dimorpbooi 
form  of  the  first,  is  yery  closely  allied  to  it.  I  conceiTe  the  chuige  to  have 
been  mainly  brought  about  in  the  **  wet  waj.**  I  hare  seen  the  same  change  in 
the  ^bbroe  from  Mont  Colon  (mentioned  abore),  and  the  Matteihoru, 
also  m  the  hjpersthenite  of  Penig  (Saxony).  MM.  Pouasin  and  Benard  hare 
obsenred  it  in  the  Ardennes  rocks  (Roches  Plutoniennes  de  la  Belgiqoe,  Ac 
p.  69). 
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feet  thick,  forms  a  sort  of  terrace,  some  height  above  the  shore, 

which  can  be  reached  with  a  little  difficulty ;  the  gabbro  is  extremely 

coarse,  the  diallage  crystals  being  often  two  or  three  inches  long ; 

and  some  of  the  largest  occur  in  a  vein  only  a  few  inches  thick. 

Just  on  the  left  there  appears  to  be  a  small  fault  in  the  serpentine  ; 

on  the  right  is  a  large  included  mass  of  schist  forming  a  headland^ 

down  to  which  descends  a  dyke  of  dark  compact  trap  about  a  foot 

wide.    This  can  be  seen  to  cut  through  two  sheets  of  gabbro  and  the 

serpentine  between  them,  and  ends  abruptly  against  the  schist.     The 

examination  of  this  part  of  the  coast  leads  to  the  following  con- 

clusioDs : — 

1.  That  the  serpentine  is  an  intrusive  rock. 

2.  That  probably  the  hornblende  schist  was  metamorphosed  prior 
to  its  intrusion. 

3.  That  the  gabbro  was  probably  intruded  when  the  serpentine 
had  arrived  at  its  present  condition. 

4.  That  the  black  trap  dyke  was  intruded  last  of  all. 

Under  the  microscope  the  trap  is  found  to  consist  of  a  groundmass 
generally  microcrystalline,  consisting  probably  of  some  pseudomorphic 

Fig.  4. — Gabbro  intrusive  in  Serpentine  and  Hornblende  Schist 
north  of  the  Balk, 


A.  Serpentine. 

B.  Gabbro. 


0.  Ghtbbro  showing  a  foliated  structure. 
D.  Hornblende  schist. 


rodnct  after  plagiodase,  with  perhaps  minute  crystals  of  actinolite 

niarged,  and  a  large  number  of  small  hornblende  cr)'stals,  merely 
ather  platy  in  structure,  but  varying  from  the  normal  to  the  actino- 

tic  form.  There  are,  as  usual,  grains  of  magnetite,  and  a  number  of 
licroliths,  sometimes  acicular,  sometimes  rather  irregular  in  form, 

hicb  are  commonly  included  in  the  larger  hornblende  crystals,  lying 
dth  their  longer  axes  in  the  planes  of  principal  cleavage.  I  have 
ot  been  able  to  satisfy  myself  as  to  the  nature  of  these.     At  pre- 

nt  T^e  must  call  the  rock  a  diorite  ;  but  whether  it  has  always  been 
>niblezidic  is  by  no  means  certain. 

l^rom  the  above  headland  a  walk  of  about  a  quarter  of  a  mile 
ong  the  edge  of  the  cliffs  loads  to  Polbarrow  Cove.     The  diffis, 
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which  appear  impracticable,  ooDsiBt  of  serpentine;  but  acne  ef  tba 
jutting  ree&  below  resemble  hornblende  schist 

Descending  into  Polbarrow  Cove  by  a  narrow  tra<^  we  find  thai 
the  southern  part  of  it  consists  miunly  of  hornblende  mAoA ;  b«t 
there  are  introsiye  veins  of  serpentine  in  it  close  to  a  natural  arah^ 
.as  well  as  in  the  little  ridge  of  schist,  on  the  middle  of  which  sUnda 
a  small  boathouse.  Serpentine  may  also  be  seen  in  a  qnarrj  abore 
the  cliff  sonth  of  the  boathouse.  Just  nortii  of  this  i^  a  junctioa  of 
the  schist  with  the  serpentine,  which  runs  obliquely  in  this  direetiaB 
up  the  cliff.  It  now  continues  for  some  time ;  but  two  low  headhiMJi 
which  bound  the  cove  are  capped  by  hornblende  schist ;  and  the 
next  one  to  north  is  wholly  of  that  rock.  There  is  a  gabbro  tvb 
in  the  schist,  near  the  junction  with  the  serpentine,  abont  <a  a 
level  with  the  boathouse,  and  another  much  h^her  up  the  cliff  ii 
the  latter  rock. 

Returning  to  the  diff  we  come  to  a  small  quarry  showing  a 
junction  of  hornblende  schist  and  serpentine.  The  former  rock  dipt 
about  27°  £.N.£.,  and  in  1873  could  be  seen  to  be  overlain  irre- 
gularly by  the  serpentine.  In  one  part  of  the  quarry  a  piece  of  the 
schist  was  intercalated  between  serpentine.  In  1876  the  relatioot 
were  less  clear.  The  schist  is  very  dark  and  full  of  hombleode. 
The  spedmen  described  above  was  collected  here.  The  rliJS^  as 
may  be  seen  from  the  geological  map,  consist  of  hornblende  schist 
from  this  spot  to  near  Cadgwith,  when  we  come  to  another  janctioo 
in  the  celebrated  Devil's  Frying-pan,  obviously  an  old  sea-caTe 
whose  roof  has  fallen  in. 

The  relations  of  the  serpentine  with  the  schist,  as  seen  by  de- 
scending into  this  hollow,  leave  no  doubt  that  the  former  rock  is 
intrusive.  On  reaching  the  shore  we  find  ourselves  at  the  bottom 
of  a  funnel-shaped  pit  communicating  with  the  sea  by  a  natural 
archway.  This,  and  the  greater  part  of  the  two  adjoining  sidesy  is 
of  hornblende  schist,  which  dips  westward  at  an  angle  of  4^  to  50^, 
increasing  gradually  to  about  70°  towards  the  west  on  the  southern 
side,  and  rolling  over  considerably  on  the  northern.  The  remaining 
side  is  serpentine. 

The  junction  at  the  S.W.  comer  is  masked  by  debris ;  but  on  the 
other  it  is  clearly  an  intrusive  one,  a  large  fragment  of  schist  being 
entangled  between  two  masses  of  serpentine.  I  think  that  the  pre- 
sent smnmit  of  the  entrance  archway  also  marks  a  former  junctioii 
with  the  serpentine ;  for  the  schist  of  this  looks  much  disturbed  and 
sUckensided,  and  has  a  ''junction  "  aspect  Also  an  overlying  block 
apparently  in  situ  is  serpentine.  The  serpentine  is  duU  mottled 
blackish  brown  and  red  in  colour,  full  of  small  glittering  scale-like 
crystals  with  a  rather  silvery  lustre,  as  at  Mullion  and  at  Pradanadt 
Quarry. 

After  climbing  back  to  the  pathway  leading  to  Cadgwith,  the 
descent  into  that  village  is  mainly  over  serpentine.  But  the  rock§ 
exposed  in  the  littie  cove  forming  the  harbour  are  very  characteristic 
hornblende  schists,  dipping  about  35°  N.N.W. 

On  reaching  the  summit  of  the  steep  ascent  which  leads  from 
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Cadgwith  Tillage  to  the  level  of  the  main  plateau  above  the  sea,  we 
again  find  the  serpentme.  A  quarry  here  (in  1876)  showed  the 
junction  with  the  schist  very  well.  The  former  rock  overlay  the 
latter  (which  had  a  dip  of  some  30°)  with  a  rather  irregular  junc- 
tion ;  but  here,  as  in  other  cases,  it  seems  to  have  generally  forced 
its  way  fairly  evenly  along  the  plane  of  bedding.  The  serpentine 
(no.  6)  is  very  compact  in  texture,  and  varies  from  a  claret-colour 
to  an  olive  g^en,  both  varieties  being  veined  and  mottled,  the 
former  with  dull  green  and  bright  red,  the  latter  with  a  purplish 
tdnt ;  occasional  layers  of  greyish-green  steatite  occur. 

The  serpentine  in  the  cove  beyond  is  mottled  light  and  dark 
green.  This  rock  now  continues  to  form  the  clifi&  above  the  sea  for 
some  distance.  About  half  mile  from  Cadgwith  (measured  in  a 
straight  line)  the  shore  is  strewn  with  huge  boulders  and  overhung 
by  cliffs  of  a  dark  serpentine.  This  rock  is  almost  as  black  and 
compact  as  that  of  George  Cove ;  but  the  surface  is  varied  by  a  vein- 
like mottling  of  very  dark  olive-green,  and  by  bronzite  crystals 
about  0-2  inch  wide  with  a  bright  submetallic  lustre  (no.  10) ;  it 
-weathers  a  dull  earthy  green. 

Some  100  yards  from  this  spot,  along  the  shore,  we  reached  an 
apparently  faulted  junction  of  the  serpentine  and  hornblende  schists. 
Directly  after,  the  serpentine  sets  in  again,  overlying  the  other  rock, 
following  nearly  the  plane  of  bedding.     The  hornblende  schist  is 
extremely  altered ;  some  bands  in  it  are  in  colour  and  texture  very  like 
ordinary  vein  granite ;  but,  after  most  careful  examination,  I  feel 
convinced  there  is  no  true  granite  here.     The  ends  of  the  strata  are 
bent  over  on  the  southern  side ;  and  in  the  lower  part  a  coarse 
breccia  of  schist  and  serpentine  separates  the  two  masses  of  these 
rocks.     There  is  a  similar  breccia,  though  less  irregular,  on  the 
other  side,  where  the  base  of  the  serpentine  is  greatly  decomposed, 
the  rock  assuming  an  earthy  aspect,  of  a  mottled  dull  greenish  or 
reddish  grey  colour,  veined  with  indian-red,  having  scarce  any  re- 
semblance to    normal  serpentine.     A  little  farther  on   are  four 
masses  of  hornblende  schist,  one  after  another  along  the  shore, 
caught  up  in  the  serpentine  (fig.  5).     Parts,  again,  of  these  are 

Fig.  6. — Masses  of  HorMende  Schist  included  in  Serpentine. 


(The  serpentine  indicated  by  fine  wavy  lines.) 

Schist,  bedding  nearly  Tertical.  c.  Tongue  of  serpentine. 

d.  Schist,  bedding  nearly  horizontal,  highly  altered. 


Digitized  by  VjOOQIC 


900  T.  O.  BONKET  ON  THE  BBSPENTUnt  AXD 

curiously  like  vein  granite ;  but  I  am  convinced  all  is  metamorpbie 
rook.  The  serpentine  near  the  junction  ia,  as  usual,  mudi  ddssor 
posed  ;  a  line  of  breccia  either  of  schist  or  altered  serpentine  extcnis 
from  the  top  of  the  first  to  the  second.  The  northern  end  o^  the 
third  piece  all  but  joins  the  fourth ;  and  the  beds  in  it  are  abecdutdy 
squeezed  together  by  the  pressure  which  they  have  undergone.  Hies 
we  pass  another  small  fragment,  and  after  about  a  hundred  yardi 
come  to  two  or  three  more,  all  highly  altered.  Another,  duefly  on 
the  shore  itself,  occurs  after  about  fifty  yards ;  and  they  are  eovnoiaD 
for  the  next  hundred  yards  or  so.  A  fragment  occurs  just  at  tiie 
angle  where  the  cliff  turns  inland  towards  the  serpentine-works 
in  Caerleon  Cove.  Eollowing  this  for  a  short  distance  we  come  to 
a  remarkable  ^'  greenstone  "  dyke  at  the  foot  of  the  low  difil  It  is 
from  4  to  5  feet  wide ;  the  sides  for  about  6  to  10  inches  are  very  dark 
and  compact,  and  so  platy  in  structure  as  to  be  almost  undistingotah- 
able  from  some  specimens  of  the  hornblende  schists.  This  slructurg 
is  lost  rather  suddenly ;  and  the  rock  assumes  the  ordinary  aspect  of 
an  igneous  rock,  consisting  of  a  finely  crystalline  mixture  of  white 
felspar  and  dark  hornblende,  with  porphyritic  crystals  of  the  fomier 
as  much  as  ^  inch  long. 

I  have  had  a  section  made  of  the  heart  of  the  dyke  ;  and  my  frMul 
Mr.  Allport  has  kindly  lent  me  two  of  his  own  cutting,  one  beii^ 
from  the  outside.  The  former  shows  that  the  rock  consistB  of  a 
much  decomposed  plagioclase  felspar  in  long  narrow  crystals.  The 
interstices  are  occupied  by  a  pale-coloured  (generally  greenish) 
hornblende  of  rather  fibrous  or  filmy  aspect.  There  is  also  some 
magnetite.  The  aspect  of  this  rock  is  so  like  a  typical  dolmte,  and 
so  unlike  a  diorite,  that  I  suspect  the  hornblende  to  be  a  secondary 
product,  as  in  the  gabbro.  The  other  section  is  totally  different, 
and  closely  resembles  the  hornblende  schist  above  described.  I  ex- 
amined the  rock  at  the  time  to  see  whether  a  piece  of  schist  had 
been  caught  up ;  but  if  it  was,  I  failed  to  detect  it 

Some  of  the  quarries  belonging  to  the  Poltesoo  works  are  up  the 
valley  inland ;  but  these  I  have  not  been  able  to  visit.  From  Caer- 
leon Cove  a  steep  ascent  leads  us  up  again  to  the  main  plateau. 

Hornblende  schist  may  be  seen  on  the  shore  of  the  next  little 
cove,  and  on  its  left  bank,  above  the  path,  intrusive  gabbro*,  coarse, 
but  showing  a  rather  foliated  structure,  may  be  seen  on  the  rou^ 
grassy  slope.  I  observed  three  exposures ;  near  to  the  furthest  there 
appears  eJso  to  be  a  little  schist,  the  rock  generally  on  each  side 
of  Caerleon  Cove  being  serpentine. 

This  rock,  on  the  beach  beyond  the  next  headland,  includes  many 
large  fragments  of  quart zose  rock,  some  of  which  very  closely  resembte 
granite  veins.  After  careful  examination,  however,  I  am  of  opinion 
that  they  are  only  bands  in  the  schist.  The  more  qnartzose  and 
harder  layers  have  been  forced  among  the  softer,  eo  as  to  mimic 
intrusion. 

Beyond  this,  in  cli£&  of  a  dark  serpentine,  is  a  greenstone  dyke, 

♦  Analyied  by  Mr.  Hudleston,  eee  p.  927, 
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the  lower  part  of  which  bifurcates;  and  just  beyond  this  is  an  in- 
cluded fragment  of  schist  of  singular  form.  The  dyke  in  the  mass 
has  a  slightly  serpentinous  aspect.  It  is  a  finely  granular,  almost 
compact,  very  dark  grey  rock,  faintly  variegated  with  minute  white 
specks.  Under  the  microscope  its  appearance  is  as  follows : — ^There 
is  a  tolerably  clear  homogeneous-looking  base  containing  a  large 
number  of  small  prismatic  crystals  and  folia  of  greenish  hornblende 
with  fairly  marked  dichroism,  and  a  good  many  small  grains  of 
magnetite.  With  the  two  Nicols  the  base  exhibits  the  microcrystalline 
pseudomorph  after  felspar,  and  the  hornblende  shows  brilliant  colours. 
A  little  has  a  rather  fibrous  structure,  and  on  rotating  the  stage  be- 
haves as  an  orthorhombic  mineral ;  it  is  strongly  dichroic,  showing 
a  brown  tint  (?  anthophyllite) ;  there  is,  however,  not  enough  to 
enable  one  to  be  certain  about  it.  A  vein  is  filled  by  asbesdform 
mineral,  possibly  a  variety  of  chrysotile. 

Proceeding  along  the  shore  we  pass  in  quick  succession  some 
other  narrow  dykes  (three,  I  think)  of  very  similar  appearance. 
The  last  but  one  (2  to  3  feet  thick)  cuts  through  a  vein  of  coarse 
gabbro  about  10  inches  thick,  which  shows  again  in  one  or  two  places 
in  the  face  of  the  cliffl  A  little  to  the  north  it  is  apparently  cut  by 
another  dyke;  but  after  carefully  examining  the  latter,  especially 
where  it  is  exposed  on  the  shore,  I  believe  it  to  be  only  an  in- 
claded  fragment  of  a  peculiar  compact  variety  of  the  schist,  highly 
altered.  About  30  yards  to  the  north  is  another  included  mass  of 
the  schist,  standing  upright  in  the  serpentine  cliff  so  as  to  look  won- 
derfully like  a  dyke. 

Just  where  the  sandy  beach  of  Kennack  Cove  commences  is 
another  large  mass  of  included  schist,  occasionally  resembling  vein 
granite,  which  may  be  traced  some  way  inland.  Two  or  three  in- 
trusive tongues  of  highly  decomposed  serpentine  may  be  seen  in 
this  mass. 

Kennack  Cove  is  a  sandy  tract  at  the  embouchure  of  two  flattish 
valleys,  divided  by  a  low  headland  of  serpentine.  In  this  is  a  small 
dyke  about  a  foot  (or  rather  less)  thick,  closely  resembling  those 
described  above,  but  perhaps  even  more  compact 

Crossing  the  second  stretch  of  sand  we  come  again  to  clifis  of 
dark  serpentine,  and  find  almost  at  the  first  point  a  dyke,  generally 
from  4  to  5  feet  thick,  which  bifurcates  above.  The  appearance  of  thiis 
rock  is  very  similar  to  those  already  described.  Under  the  micro- 
scope it  is  found  to  consist  of  longish,  rather  irregularly  outlined, 
plagioclase  crystals,  and  a  quantity  of  aggregated  grains  or  imper- 
fectly shaped  small  crystals  of  hornblende,  green-coloured,  strongly 
dichroic,  and  showing  bright  colours  with  polarized  light.  There 
are  also  some  irregular  grains  of  magnetite  and  a  few  needles  of 
apatite. 

A  short  distance  further  along  the  shore  a  mass  of  rock,  forming  a 
group  of  low  reefs,  bears,  at  first  sight,  a  dose  resemblance  to  a 
granite  vein.  This  is  heightened  by  the  extraordinary  way  in  which, 
in  one  place,  it  inserts  itself  in  thin  tongues  into  the  adjoining 
rock,  wh^  is  a  crumbling,  dull,  greenish  to  reddish  substance,  not 
Q.  J.  G.  S.  No.  132.  3  n 
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unlike  a  deeomposed  serpentme.  Carefol  eTmnfnati<in,  bovem, 
shows  that  we  have  here,  highly  metamorphosed  and  entarigW  ia 
the  sexpendne,  another  mass  of  sedimentary  rod^,  wbi^  has  oaee 
ocmsisted  of  lenticular  hands  of  a  more  sandj  diaracter,  in  a  mad 
whose  mineral  composition  somewhat  resembled  that  oC  facES- 
hl^ide. 

The  first  stage  has  been  the  cauTersion  of  the  fonnOT-  into  a  kiai 
of  granulite,  the  latter,  probably,  into  a  hornblende  schist  Ton 
oS  and  squeeaed  by  the  igneous  mass  (now  serpaitine),  the  hards 
bands  hare  been  crumpled  up,  and  in  some  cases  forced  into  the 
softer,  which  at  last,  by  slow  action  of  water,  hare  been  oonytfted 
into  a  rott^i  chlontoid  and  rather  serpentinous  schist.  The  ser- 
pentine around  is  also  rotten  near  the  junction.  In  some  ]dacei 
the  two  rocks  are  so  altered  by  addition  snd  subtraction  of  mfneral 
constituents  that  it  is  almost  impossible  to  fix  Uieir  precise  bouB- 
dary ;  still  I  am  conyinced  that  the  above  explanation  is  the  eoncci 
<Hie. 

I  hare  examined  a  slice  from  the  most  granitoid  part  c^  this  rock; 
and,  though  highly  altered,  it  quite  confirms  my  view.  It  copsisti 
of  quartz,  fd^^Mr,  orthodase,  and  some  plagiockse,  with  a  little  of 
some  Tariety  of  magnesia  mica.  The  felspar  is  full  of  microlitkie 
alteration  (nioducts.  In  the  quaitz  are  a  good  many  minute  cavities 
and  shapeless  microHths — also  some  microliths  of  larger  size,  whidi 
may  be  apatite.  Here  and  there  a  piece  of  the  £^spar  (it  is  not  toj 
diaracterisdc)  is  full  of  minute  branching  empty  cavities  or  micro- 
liths (I  rather  think  the  latter^  which  would  certainly  be  quoted  as 
canal  systems  by  the  opponents  of  Eoeoati.  I  have  seen  s<«iething 
similar  in  a  granitoid  rock  from  Holsteinborg  (OreenlandX  but  at 
present  can  do  no  more  than  record  the  occurrence,  h<^iing  to  retnni 
to  the  subject  on  a  ftiture  occasion.  It  is  the  nearest  approach  to 
an  organic  structure  that  I  have  ever  seen*. 

From  Eennack  Cove  we  proceeded  along  the  olif&  to  the  headland 
of  Earak  Clews,  about  a  mile  distant.  So  fEir  as  I  saw,  serpentiae 
continues  all  the  way :  and  just  before  reaching  the  pcnnt  called 
Cam  Spamack  a  small  quarry  affords  some  very  pretty  varieties 
(no.  11) — one  a  ridi  red  mottled  with  daik  olive  green,  the  other 
daret-colour  with  similar  markings,  both  containing  in  the  green 
part  small  crystals  of  greenish  bronzite  with  a  sulmietallic  lustre. 
Karak  Clews  is  a  bold  headland  formed  by  the  extremity  of  a  great 
dongated  mass  or  broad  dyke  of  coarse  gabbro,  which,  according  to 
the  map,  is  about  two  miles  long  and  a  furlong  broad.  The  hnd- 
land  terminates  in  a  narrow  ridge  leading  down  to  a  predpitoos 
mass  of  rock  running  some  little  way  out  to  sea;  the  generd 
direction  is  nearly  X.  and  S.,  the  mass  further  inland  for  most  of 
its  course  having  a  N.W.  strike. 

There  are  very  few  places  m(»e  instructive  than  this  to  the  student 
of  igneous  rocks.  Broadly  qwaking,  the  ridge  oonsistB  of  gabbro,  in 
which  so  many  [neoes  of  serpentine  are  entangled  that  it  would 

*  Perha^  the  stracture  erroneoody  deeeribed  m  a  Laarentiaii  orgmaifla. 
*  Nature*  xir.  8.  ^  maj  !»▼•  been  thui 
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often  be  easy  to  suppose  the  latter  Latrosive  in  the  former.  Care- 
ful examination,  howerer,  will  show  that  there  is  no  doubt  as  to 
their  true  relations.     The  serpentine  is  generally  much  decomposed. 

On  the  western  side  of  the  headland  the  gabbro  extends  for  some 
distance  along  the  shore.  I  was  unable  to  examine  closely  its 
junction  with  the  main  mass  of  the  serpentine;  it  appeared,  how- 
ever, to  be,  as  usual,  intmsive.  A  small  shallow  gully  just  on  this 
side  of  the  actual  headland  affords  the  best  study  of  the  gabbro,- 
^which  might  be  mistaken  for  a  metamorphic  rock.  The  schistose 
structure  strikes  about  N.  and  8.,  extending  in  considerable  perfec- 
tion over  a  space  about  5-6  yards  broad,  and  dips  to  the  eastern 
side  at  an  angle  of  about  80°.  It  is,  however,  quite  impossible  to 
draw  any  line  of  demarcation  between  the  foliated  and  the  ordinary 
(rather  coarsely)  crystalline  gabbro.  This  consists  of  a  purplish- 
grey  plagioclase  felspar,  probably  labradorite,  often  mixed  up  with 
a  dead-yellowish-white  felspar  (the  saussuritic  variety  already 
mentioned),  which  of  course  predominates  on  exposed  surfaces, 
crystals  of  brownish  diaUage,  often  about  i  inch  across,  and  having  a 
metalloidal  lustre,  and  a  considerable,  but  variable,  quantity  of  die 
minute  rather  dark  green  hornblende  already  described.  In  short, 
the  process  of  alteration  from  an  augitic  to  a  homblendic  rock  has 
taken  place  here  as  at  the  Balk;  and  specimens  may  be  found  in  almost 
every  stage.  Not  seldom  the  diallage  seems  to  be  entirely  replaced 
by  these  pseudomorphs.  In  some  of  the  most  schistose  varieties  the 
dark  "  eyes  "  of  this  hornblende  remind  one  in  appearance  of  the 
spots  in  the  Knotenschitfer, 

The  two  minerals  (the  felspar  and  diallage,  or  hornblende)  are 
often  quite  separated  in  alternating  bands,  those  of  felspar  being 
from  nearly  ^  inch  downwards  to  mere  lines.  Not  seldom  the 
diallage  predominates,  felspar  only  occurring  in  very  thin  threads, 
with  occasional  '^  eyes  "  as  described  above.  From  such  specimens 
we  pass  to  normal  coarse  gabbro — a  variety  in  which  the  plates  of 
the  diallagoid  mineral  are  wavy  in  outline,  and  tend  to  be  parallel, 
being  very  common. 

Among  the  most  schistose  varieties  lenticular  pieces  and  long 
slab-like  masses  of  included  serpentine  are  very  abundant,  and  may 
not  improbably  have  contributed  to  the  development  of  the  structure, 
as  at  the  Balk. 

I  have  had  two  sections  cut  from  the  gabbro  of  Karak  Clews. 
The  normal  rock  consists  now  chiefly  of  short  broad  rather  irre- 
gular crystals  of  partly  altered  plagioclase,  with  numerous  microliths 
and  aggregated  small  crystals  of  pseudomorphous  actinolite.  Here 
and  there,  however,  portions  of  plagioclase  crystals  still  remain  but 
little  altered,  as  well  as  crystals  of  diallage  in  which  the  change  to 
hornblende  has  not  been  completed.  Every  stage  of  the  change 
from  plagioclase  to  the  saussuritic  mineral  can  be  traced  in  various 
parts  of  the  slide.  There  are  occasional  microliths  and  larger 
grains  of  magnetite ;  and  one  or  two  of  the  diallage  crystals  are 
filled  with  an  opaque  black  dust,  the  result  of  decomposition.    These 
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haye  some  resemblance  to  certain  hypersthenes ;  bat  Uie  mineral  does 
not  belong  to  the  orthorbrombic  system.  There  is  a  general  baaded 
stmctnre  shown  in  tiie  arrangement  of  the  minerals. 

The  second  slide  is  cut  from  a  pale-eolonred,  apparently  imper- 
fectly crystallized  rock,  consiBtiDg  chiefly  of  two  minerals — the 
principal  a  whitish  or  pale  pinkish  felspathic  one,  the  other  a  pak 
green  mineraL  The  former,  nnder  the  microscope,  when  exammed 
with  polarized  and  analyzed  light,  assumes  Uie  characteristic  granolar 
aspect  of  the  sanssoritic  psendomorph  after  plagiodase.  The  otber 
mineral  appears  to  be  an  almost  colonrless  angite,  containi^  & 
large  nnmber  of  very  minute  microliths.  There  are  but  slight  in- 
dications of  secondary  hornblende.  Some  small  ronndiah  white 
specks,  just  visible  to  the  eye,  in  the  felspathic  portion  of  the  rock, 
appear,  nnder  the  microscope,  as  rather  oval  blotches,  often  opaque 
and  brownish,  but  in  otiier  cases  8ho¥mig  abrogate  polarization  id 
a  somewhat  flbrons  mineral,  with  colours  from  a  rather  oranise 
yellow  to  a  purplish  blue,  probably  one  of  the  zeolites.  This  ro^ 
also  shows  a  banded  structure. 

On  ihe  eastern  side  of  the  headland  we  come  at  once  on  the 
serpentine  as  the  predominant  rock,  though  it  is  broken  through  by 
many  veins  of  coarse  gabbro.  The  mineral  composition  of  these 
resembles  that  just  described.  Some  are  of  considerable  thickness ; 
but  o^ers  die  away  as  mere  strings.  The  material  of  the  gabbro, 
therefore,  must  have  been  injected  in  a  very  fluid  condition,  and,  as 
even  the  strings  are  coarsely  crystalline,  must  have  made  its  way  into 
rock  of  high  temperature,  and  have  cooled  down  very  slowly.  Hie 
bu^r  masses  more  frequently  exhibit  a  schistose  struetnre  than 
these  finer  veins,  though  they  are  sometimes  quite  without  it 
Every  stage  may  be  noticed  here  as  on  tiie  other  side  of  the  head- 
land. Here,  also,  the  *'  eyes  "  of  hornblende  are  frequently  seen  in 
the  schistose  varieties. 

Between  the  headland  and  Lankidden  Cove  are  several  gabbro 
veins.     The  serpentine  is  a  red  variety,  much  resembling  one  pre- 
sently to  be  described.     On  approaching  the  Cove  two  or  three 
narrow  greenstone  dykes  are  seen  in  the  diflis,  and  one  in  a  skory 
projecting  from  the  sand.     These  cut  both  the  serpentine  and  the 
gabbro,  and  closely  resemble  those  already  described  near  Eenna^ 
Cove.    A  section  from  one  exhibits  plagioclase  felspar  in  fair  preser- 
vation (the  crystals  commonly  five  or  six  times  as  long  as  broad,  cha- 
racteristically twinned,  and  mostly  well  defined),  angite  (often  wdl 
preserved),  and  some  magnetite.   Besides  this  there  is  in  the  interrd 
of  the  larger  plagioclase  crystals,  a  good  deal  of  an  aggregate  of  a 
fibrous  transparent  mineral,  changing,  with  polarized  light,  from 
bright  blue  to  yellowish  or  occasionally  pinkish  colours— doubtless  t 
psendomorph  after  felspar,  perhaps  replacing  a  magma.     Here  and 
there  the  angite  changes  to  pale  green  rather  fibrous  hornblende, 
showing  marked  dichroism,  and  rather  rich  colours  with  analyzer  and 
polarizer.     There  is  also  a  brown  dichroic  mineral :  some  of  this  ia 
probably  little  more  than  a  ferruginous  staining ;  but  in  one  case  it  is 
certainly  a  distinct  mineral,  probably  an  iron-mica.     There  is  no 
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unaltered  olivine ;  but  I  think  I  have  detected  a  few  pseudomorplis. 
This  rock,  then,  is  a  basalt  only  slightlj  altered. 

The  gabbro  veins  continue  to  the  eastern  side  of  the  cove.  One, 
which  shows  a  marked  schistose  structure,  contains,  as  usual,  many 
long  strips  of  serpentine.  Close  by  it  is  another  gabbro  vein,  only 
a  few  inches  thick,  but  quite  unique  in  character.  It  consists 
mainly  of  felspar,  a  whitish  to  bluish-grey  labradorite,  with  crystals 
often  from  an  inch  to  an  inch  and  a  half  long,  in  excellent  preser- 
vation. In  the  interstices  of  the  felspar  are  aggregated  minute 
crystals  of  a  dull  green  mineral.  The  latter  under  the  microscope 
proves  to  be  actinolite.  The  aggregated  clusters  of  crystals  are 
Tery  beautiful  objects  with  polarizer  and  analyzer ;  and  tiie  felspar 
crystals  (which  are  a  little  decomposed)  contain,  especially  near 
their  edges,  many  small  acicular  crystals  of  the  same  mineral. 

Close  to  this  vein  is  a  small  dyke  (6  to  12  inches  wide)  of  a  very 
slaggy-looking,  compact,  dark  rock,  which,  I  have  no  doubt,  is  an 
old  basalt.  Some  of  the  serpentine  near  this  weathers  to  a  dull 
green  colour,  and  contains  distinct  crystalline  grains  of  magnetite. 
Beyond  this  point  is  about  a  mile  of  coast,  coloured  as  serpentine  in 
the  map,  which  I  have  had  to  pass  over  almost  unvisited ;  and  the 
steep  diffe  will,  I  think,  render  detailed  examination  no  easy 
task. 

(6)  Caverade  Cove. — We  then  come  to  Coverack  Cove,  one  of  the 
most  interesting  localities  on  the  coast.  Without  a  regular  survey 
and  lai^e-scale  map  it  is  not  possible  to  give  very  precise  details ; 
but  the  following  general  description  may  render  clearer  those  which 
I  can  famish. 

The  cove  terminates  in  a  widish  valley.  On  the  right  bank  is  a 
headland  of  serpentine,  on  the  left  the  great  gabbro  mass  which 
rises  from  the  sea  to  the  upland  of  Crousa  Down. 

The  village  stands  on  a  low  cliff  (a  raised  beach,  traces  of  which 
are  also  conspicuous  along  the  edge  of  the  gabbro  mass)  on  the  right 
bank  of  the  cove.     Beneath  it  is  a  rocky  foreshore. 

The  principal  rock  beneath  the  village  is  serpentine ;  but  this  is 
broken  up  by  a  network  of  dykes  and  intrusiver  veins.  As  will  be  seen 
from  what  follows,  we  have  here  the  following  association  of  rocks 
in  order  of  age : — 

(1)  Serpentine  (no.  12). 

(2)  A  gabbro,  generally  of  a  dull  reddish  green  colour,  which  I 
shall  refer  to  as  the  Older  Gabbro. 

(3)  A  gabbro  of  more  normal  aspect,  which  I  shall  call  the  Newer 
Gabbro. 

(4)  Some  dark  trap  dykes,  similar  in  general  appearance  to  those 
described  at  Eennack  and  Lankidden. 

At  the  eastern  end  of  the  village  is  a  small  harbour  bounded  by 
a  pier,  which  starts  from  a  little  headland.  I  commenced  my  ex- 
amination on  the  farther  side  of  this.  The  rock  here  is  serpentine, 
much  jointed  and  cracked,  and  often  rather  decomposed.  This  is 
also  found  on  the  other  side  of  the  harbour,  where  at  the  base  of  a 
high  wall  a  vein  of  gabbro  is  exposed,  about  4  feet  thick  and  with  a 
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wAvaXoBe  Btractme.  The  top  and  bottom  of  the  rock  showB  the  usual 
mineral  changes.  The  serpentine  in  contact  is  much  cracked  and 
burnt.  The  projection  of  rock,  which  forms  the  western  limit  of  the 
port  is  cut  by  a  dyke  of  newer  gabbro ;  and  the  same  rock,  a  few 
yards  farther  on,  appears  at  the  base  of  the  cliff  on  which  the  Tillage 
stands ;  an  isolated  patch  also  breaks  through  the  serpentine  on  the 
shore.  A  few  yards  from  this  is  the  first  patch  of  the  older  gabbro. 
This  older  gabbro  forms  the  base  of  the  cliff  for  a  short  distance, 
while  the  shore  consists  mainly  of  newer  gabbro,  Teins  of  whidi  eat 
the  older.  Jnst  where  a  projecting  angle  of  the  cliff  begins  is  an 
interesting  junction.  The  older  gabbro  is  cut  by  a  dyke  of  newer 
gabbro  about  18  inches  wide,  and  both  again  cut  by  a  dark  trap  dyke 
about  12  inches  wide  (fig.  6).  The  two  intrusiTe  dykes  are  dictated 
by  a  fault  of  a  few  inches.  This  last  dyke  (1)  may  be  traced  for 
some  distance  towards  the  sea ;  its  general  direction  b  N.N.£.-S^W. 
At  the  angle  named  above,  serpentine  replaces  the  newer  gabbro, 
both  on  the  shore  and  in  the  cM*,  and  on  the  whole  is  continued  to 
beyond  another  small  projection. 

Here  another  trap  dyke  (2),  generally  about  5  inches  wide, 
may  be  traced  about  20  yards  along  the  shore  in  a  north^y 
direction.  Beyond  this  veins  of  the  newer  gabbro  break  repeatedly 
through  the  serpentine.  Then  comes  a  dyke  of  compact  trap  (3X  about 
4  inches  wide,  cutting  into  the  cliff  and  running  N.N.W.-SAK 
Beyond  we  find  serpentine  with  intrusions  of  newer  gabbro,  till  we 
again  find  the  older  gabbro  beneath  the  cliff,  broken  into  by  the 
newer,  and  both  cut  by  another  compact  trap  dyke  about  1  foot  wide. 
A  few  yards  further,  over  serpentine  and  newer  gabbro,  is  anoth<^ 
trap  dyke  cutting  both,  exposed  up  the  face  of  the  diff  for  7  or  8  feet 
It  is  about  3  feet  wide,  and  rather  coarser  in  texture  than  the  others. 
Well-marked  horizontal  joints  give  it  a  slightly  columnar  aspect 
The  shore  for  some  little  distance  further  consists  of  serpentine  with 
some  intrusive  newer  gabbro,  and  at  least  one  more  dyke  of  com- 
pact trap. 

It  will  now  be  convenient  to  describe  more  precisely  the  litho- 
logical  characteristics  of  these  rocks,  omitting  at  present  the  s^pen- 
tine. 

The  Older  Oabhro. — ^This  might  easily  be  mistaken  for  a  mere 
variety  of  serpentine*.  It  has  a  compact,  dark,  dull  red  or  purple 
groundmass,  often  mottled  with  a  brighter  red,  in  which  are  im- 
bedded crystalUne  grsdns  of  a  greyish  white  felspar,  perhaps  about 
0*2  inch  in  diameter,  and  some  rather  smaller  crystals  of  diallage, 
generally  about  ^  to  |  inch  apart  The  matrix  for  a  quarter  of  an 
inch  square  or  more  is  often  unbroken  by  any  crystals  visible  to  the 
eye ;  occasionally,  however,  the  felspar  predominates.  The  rock 
docs  not  vary  much  in  texture,  the  smaller  veins  being  about  as 
coarse  as  the  laiger  masses.  One  small  boss  has  the  groundmass  a 
dark  green  instead  of  red.  It  is,  however,  the  same  rock,  though 
as  a  rule  it  is  rather  more  finely  crystallized  than  the  average  of  the 

*  A9  it  is  deecribcd  bv  most  writers  who  have  noticed  it. 
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red  variety ;  for  towards  the  outside  it  exhibits  perfectly  the  change 
into  the  red  variety.  I  have  specimens  about  4  inches  long,  red  at 
one  end  and  g^reen  at  the  other.  Hence  the  alteration  may  not  be 
so  deepHseated  as  from  its  uniformity  I  should  have  supposed. 

I  have  examined  three  slides  of  the  red^  cut  from  slightly  different 
varieties  of  the  rock,  and  one  of  the  green.  I  will  refer  to  them  by 
numbers,  taking  the  most  normal  specimen  first 

On  placing  slide  I.  beneath  the  microscope,  we  find  it  to  consist  of 
colourless  or  nearly  colourless  felspar,  in  rather  irregular  to  roundish 
oblong  grains,  occasionally  showing  lines  indicative  of  twinning, 
traversed  often  by  cracks  and  in  places  partly  kaolinized.  Associate 
with  this,  in  about  equal  quantities,  are  a  large  number  of  irregular 
grains  of  olivine;  these  in  parts  are  almost  unaltered,  in  other 
parts  entirely  converted  into  serpentine.  This  is  occasionally 
translucent  and  of  a  greenish  yellow,  occasionally  opaque,  from  the 
presence  of  a  muddy  brown  peroxide  of  iron,  and  showing  every 
grade  of  intermediate  staining.  The  process  of  conversion  of  the 
olivine  into  serpentine  will  be  described  below. 

Fig.  6. — Shore  below  Coverack  Cove, 


a  ^s 
b  R^^ 

Newer  gabbro  intruaiTe  in  older  gabbro,  and  both  cut  by  dyke  of  dark  trap. 
a.  Older  gabbro.  h,  !Newer  gabbro.  c.  Bark  trap. 

With  polarized  light  (crossed  prisms)  the  felspar  is  seen  to  be 
crystallized  in  irregular  grains,  many  of  which  show  characteristic 
plagioclase  twinning ;  bright  colours,  however,  are  rare,  shades  of 
light  and  dark  milky  grey  being  commonest.     In  parts  the  felspar 
is  almost  opaque  from  decomposition  ;  in  other  parts  it  presents  the 
nsual  finely  granular  "  saussuritic  '*  aspect.     The  olivine,  when  un- 
changed, shows  its  characteristic  rich  colouring.   The  process  of  con- 
version into  serpentine,  best  examined  by  rotating  the  polarizer, 
is  as  follows  (see  figs.  8  &  9).     In  the  cracks  of  the  olivine  a  dark 
ferruginous  stain  is  deposited  ;  then  on  either  side  of  this  a  layer  of 
fibrous  serpentine   of  pale  golden   colour  (probably  chrysotile)  is 
formed  ;  thus  the  olivine  grains  seem  traversed  by  an  irregular  net- 
""^vork  of  associated  dark  and  light  strings.     The  interspaces  then 
seem  to  be  attacked ;  and  they  also  are  converted  into  serpentine ; 
\yxit  in  them  the  mineral  is  usually  in  an  isotropic  or  noncrystalline 
0tate,  and  the  peroxide  of  iron  eitiber  forms  a  dark  clot  in  the  middle 
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(sometimes  rendering  nearly  the  whole  opaqne),  or  elouded  |^ 
disseminated  in  yarioos  ways.  At  last  wh^i  ^e  whole  gjam  k 
converted  into  serpentine,  die  black  strings  marking  the  wngiwi 
cracks  become  less  d^nite,  being  interrupted  and  distorbed,  pi»- 
bably  from  the  action  of  molecular  forces,  so  that  their  BignifiBafiae 
might  readily  be  OTerlooked.  The  chrysotile  strings  also  beeoae  ks 
conspicnoos ;  but  still  they  may  often  be  traced  when  the  pnav 
are  crossed.  It  is  worth  noting  that,  as  a  role,  the  fc^roMXitm  of 
chrysotile  appears  to  proceed  from  the  surface  of  a  crack  inwardK 
and  is  generally  arrested  at  a  fairly  constant  distance  from  the  co^ 
side ;  but  the  conTcrmon  of  the  remainder  of  the  grain  into  b«»- 
crystalline  serpentine  appears  to  be  nearly  simultaneous  orer  the 
whole.  The  process  very  doeely  corresponds  with  that  which  I  hmn 
already  described  in  the  Ari^  Iherzolite*  (see  fig.  9,  p.  916X  except 
tiiat  here,  as  the  olivine  is  apparently  ferruginous,  there  is  a  mexe 
marked  discoloration.  The  augitio  constituent  is  leas  abundant  than 
the  other  two  minerab.  Most  of  it  is  diallage ;  but  grains,  and  aoae- 
times  even  parts  of  a  crystal,  seem  rather  to  be  normal  augitc. 
Occasionally  the  serpentine  appears  to  have  been  deposited  in  a  cnck 
in  them  ;  but  as  a  rule  there  is  not  the  slightest  advance  towmrdi  a 
conversion  of  these  minerals  into  serpentine. 

The  diallage  occasionally  assumes  a  dusky,  fin^y  granulated, 
stained  aspect  along  the  principal  cleavage-planes,  which  I  have 
observed  in  cases  where  a  diange  to  hornblende  is  commencing ;  and 
one  crystal  is  bordered  by  an  aggregate  of  minute  crystals,  whidi  I 
fully  believe  to  be  actinolite.  There  are  few  included  microlithe^ 
excluding  these  ferruginous  clots ;  but  there  seem  to  be  one  or  two 
grains  of  magnetite,  and  in  one  of  the  diallage  crystals  are  two 
needles  which  I  think  are  apatite. 

Slide  n.  (cut  from  a  rather  duller-coloured  specimen)  does 
not  materially  differ,  except  that  the  iron  stains  in  the  oliviBe 
are  more  uniformly  dark.  Some  of  the  diallage  (which  mineral  is 
fairly  abundant  in  this  specimen)  contains  small  opaque  bekmitae 
microliths  lying  parallel  to  the  plane  of  principal  cleavage. 

In  slide  III.  the  felspar  decidedly  predominates  over  the  other  mi- 
nerals, the  olivine  coming  next.  Some  of  the  grains  here  are  whoDj 
converted  into  serpentine ;  one  shows,  with  polarized  light,  a  singW 
speck  of  the  original  mineral  alone  remaining  in  a  good-sixed  grain. 
There  are  both  diaUage  and  augite ;  and  here,  as  in  the  other  altdea, 
there  are  appearances  of  a  passage  ham  one  variety  to  the  other.  One 
crystal  shows  in  parts  the  oidinary  imperfect  cleavages  of  augite  parallel 
to  QcP,  with  an  occasionally  marked  dino-diagonal  cleavage ;  thes^ 
in  places,  the  last  cleavage  dominates  over  the  other,  forming  very 
definite  parallel  lines  of  weak  cohesion ;  and,  lastly,  the  inner  (and 
major)  portion  of  the  crystal  is  filled  by  a  fine  parallel  deavaga, 
giving  it  an  almost  granular-linear  aspect,  in  whidi,  I  think, 
occasional  cracks  indicate  traces  of  a  cleavage  parallel  to  ocP.  The 
absorptive  powers  of  the  two  minerals  seem  to  differ.    By  rotating 

•  Geol.  lUg.  Dec  2.  toI.  rr.  p,  59. 
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the  stage  the  unaltered  part  of  the  crystal  becomes  (with  crossed 
prisms)  as  nearly  as  possible  black  after  it  has  been  moyed  through 
29 J*^  from  parallelism  with  a  vertical  line ;  but  the  other  part  offers 
no  approadi  to  complete  darkness,  and,  though  darkest  when  near 
the  above  position,  is  not  all  uniformly  at  its  darkest  then.  This, 
however,  may  be  only  due  to  imperfect  cohesion  of  the  cleavage- 
planes. 

Slide  lY.  is  cut  from  the  green-coloured  variety  of  the  older 
gabbro.  The  principal  differences  of  this  from  I.  and  II.  are : — ^that 
the  conversion  of  the  olivine  is  about  as  complete  as  in  III.,  but  is 
unattended  by  any  red  colour  ;  the  serpentine  is'of  a  pale  yellowish- 
green  tint ;  the  dark  dust  is  formed  in  the  cracks  of  the  olivine,  as 
described  above,  but  appears  to  recombine,  or  in  some  way  or  other 
is  made  partially  to  disappear  at  a  further  stage  of  the  process ;  for 
some  of  the  most  completely  changed  greenish  grains  are  very  fairly 
clear.  The  augite  or  diallage  is  scarce,  and,  as  a  rule,  occurs  in  very 
small  grains.  The  resemblance  of  this  rock,  macroscopic  and  micro- 
scopic, to  the  troktolite  of  Yolpersdorf  is  very  remarkable,  the  only 
difference  being  that  the  felspar  in  the  latter  shows  brighter  colours 
and  the  serpentinous  part  is  a  shade  darker  in  its  green.  The 
cracks  traversing  the  febpar  in  all  these  rocks  are  noteworthy,  as 
they  appear  to  radiate  from  the  serpentinized  olivine  granules  and 
to  imply  some  strains  caused  by  them  in  the  process  of  alteration. 
I  may  also  call  attention  to  the  fact  that  the  pyroxenic  consti- 
tuent seldom,  if  ever,  shows  any  signs  of  being  converted  into 
serpentine. 

TTie  Newer  Gabbro, — ^This  is  generally  much  coarser  in  texture 
than  the  others,  and  more  decomposed.  It  pierces  the  adyacent  rock 
with  very  irregular  veins,  which  sometimes  thin  away  to  mere 
strings  not  half  an  inch  thick,  but  are  fairly  coarse  to  the  last.  The 
plagioclase,  often  in  crystals  nearly  an  inch  across,  varies  from  a 
dull  purplish  tint  to  white.  The  diallage  crystals  are  frequently 
from  ]|  to  I  inch  across.  In  places  red  spots  may  be  observed ;  these 
are  evidenUy  altered  olivine,  as  in  the  last  rock,  but  they  are  often 
larger,  more  friable,  and  irregular  in  their  occurrence.  Included 
fragments  of  serpentine  are  aJso  seen.  Spots  of  the  green  hom- 
blendic  mineral  are  frequent  towards  the  exterior.  As  might  be 
expected  the  weathered  surface  of  the  coarser  varieties  is  much 
rougher  than  in  the  older  gabbro.  The  latter  rock  also  has  a  perfectly 
close  junction  with  the  serpentine,  as  if  it  were  welded  to  it ;  while 
between  that  and  the  newer  gabbro  is  more  or  less  of  a  crevice. 

The  result  of  microscopic  examination  of  a  slide  of  one  of  the 
dark  purple  and  green  specimens  is  interesting.  It  contains 
abundant  plagioclase,  apparently  labradorite,  resembling  that  in  ihe 
other  gabbnw,  in  fair  condition  but  dull  in  colour,  which  here  and 
there  seems  partially  replaced  by  a  clear  isotropic  pseudomorph. 
The  green  spots  prove  to  be  altered  diallage :  here  and  there  small  por- 
tions of  the  original  mineral  with  characteristic  cleavage  &c.  remain, 
but  the  greater  part  is  converted  into  a  mass  of  pale  green  actino- 
lite,  the  crystals  being  crowded  together  like  interlacing  leaves,  and 
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sometimefl  forming  f liDges  almoet  like  tnAs  of  grass ;  tliej  make 
their  way  BometimeB  up  cracks  in  the  felspar,  and  appear  eresi  to 
form  as  endomorphs.  The  difference  in  dichroism  between  these 
and  the  yet  unchanged  diaUage  is  well  exhibited  on  rotating  the 
polarizer  without  the  analyzer.  I  find  no  oliyine  or  grains  of  ser- 
pentine ;  but  a  speck  here  and  there  resembles  t^e  latter ;  ^e  out- 
line, howerer,  of  some  of  the  bunches  of  actinolite  resembles  rather 
that  of  olivine  than  diallage.  As  there  certainly  has  been  olivine 
in  the  rock,  this  confirms  my  suspicion  that  this  mineral  sometimeay 
instead  of  forming  serpentine,  contributes  to  the  actinolite.  When 
the  latter  mineral  is  formed,  it  is  remarkable  how  greatly  the 
cohesion  of  the  constituents  of  the  rock  seem  to  have  been  diatorbed ; 
for  it  not  only  invades  the  edges  of  the  felspar  in  needle-like  fringes, 
but  also  occurs  in  blades  and  tufts  anywhere  in  the  heart  of  that 
mineraL  In  fact,  where  this  process  has  been  carried  far,  it  is  only 
now  and  then  that  the  outline  of  ibe  original  crystals  can  be  taraoed. 

Lastly,  as  to  the  trap-dykes,  I  regret  to  say  that  I  cannot 
give  precise  information  with  regard  to  all  of  these,  as  I  have 
found  it  difficult  in  one  or  two  cases  to  identify  those  which  I  had 
observed  in  different  visits.  The  notes  made  in  1873  and  1875 
were  taken  with  a  rising  tide ;  and  so,  as  other  matters  were  of 
still  greater  interest,  I  rather  hurried  over  these  dykes.  In  1876 
the  tide  was  very  favourable,  and  I  observed  more  dykes  than  I  had 
noticed  previously ;  but  still,  as  there  was  so  much  to  do  that  I  did 
not  collect  a  specimen  from  every  one,  I  have  a  little  difficulty  in 
identifying  those  collected  on  former  occasions  with  the  dykes  noted 
on  this.  However,  the  following  results  are  fairly  correct  There 
are  two  varieties  of  rock  in  the  dykes : — one,  coarse  enough  to  be 
obviously  a  crystalline  rock,  much  like  an  anamesite;  the  other 
very  compact,  of  a  dark  purplish  colour,  looking  almost  like  a  dull 
serpentine.  Thin  veins  of  serpentine  often  show  in  the  latter  ;  and 
films  of  the  same  not  seldom  coat  joint-faces.  The  dyke  seen  in  the 
cliff  may  be  taken  as  a  t3rpe  of  the  former.  On  microscopic  exami- 
nation it  proves  to  be  a  felspar  basalt, — the  plagiodase  being, 
as  a  rule,  clear,  though  with  polarized  light  dull  in  colour,  the  augite 
little  changed,  and  dull  green  spots  replacing  probably  the  olivine. 
There  are  also  grains  of  magnetite,  with  brown  stains  from  one  of 
the  other  ferric  oxides ;  and  cracks  are  overspread  by  an  infiltrated 
serpentinous  mineral. 

The  second  specimen  (collected  in  1873  from  a  dyke  "  cutting 
gabbro  and  serpentine'')  is  quite  different.  It  has  an  isotropic 
matrix,  which  remains  black,  with  crossed  prisms,  as  the  stage  is 
rotated,  full  of  rather  acicular  crystals  of  actinolite,  very  pale  dear 
green  with  ordinary  light,  slightly  dichroio  with  the  polanzer,  and 
often  showing  brilliant  colours  with  the  analyzer.  Hefe  and  there 
are  patches  of  the  brown  hornblende  granulated  with  magnetite  (?), 
like  that  described  from  the  shore  north  of  Kynance  (p.  889).  Some 
of  these  occur  in  such  a  way  as  to  produce  a  strong  impression  that 
they  too  have  been  partly  replaced  by  actinolite.  One  or  two 
portions  of  unchanged  plagiodase  crystals  remain  in  the  matrix ;  and 
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probably  some  of  the  microliths  in  it  are  the  pseudomorphs  already 
mentioned.     As  a  type  of  the  other  variety,  I  take  a  specimen  from 
a  dyke  about  four  inches  wide  (just  opposite  the  north  end  of  a  row 
of  white  cottages),  which  cuts  through  two  rather  thin  veins  of 
ne-wer  gabbro  to  a  slight  hummock  of  serpentine  (I  believe,  no.  3  in 
mj   description   above).    A  hand  specimen  might  very  easily  be 
tal^en  for  a  dull-coloured  serpentine,  were  it  not  for  its  greater 
hardness  and  its  behaviour  under  the  hammer.    Microscopic  exa- 
mination shows  it  to  be  an  altered  basalt,  infiltrated  here  and  there 
with  serpentinous  veins,  full  of  minute  crystals  of  plagioclase  (or 
probably  a  pseudomorph  after  it),  occasionally  about  0*02  inch  long. 
Here  and  there  occur  pale  brownish  films  replacing  the  ordinary 
dusky  granulated  matrix.     Examination  with  polarized  light  shows 
that  actinoHto  is  present  here  ;  and  minute  bright  specks  over  the 
whole  slide  suggest  the  presence  of  the  same  mineral.     The  grains 
of  magnetite  (perhaps  also  of  ilmenite)  are  much  decomposed.  Here, 
then,  is  a  basalt,  probably  a  magma  basalt,  greatly  altered,  but 
still  not  in  any  true  sense  of  the  word  converted  into  serpentine. 
Another  specimen,  broken  in  1873  Irom  a  very  similar  dyke,  shows 
a  still  greater  change,  the  felspar  crystals  being  still  just  discernible, 
but  the  actinolite  more  characteristic  and  perfectly  formed. 

Near  the  western  end  of  the  village,  in  the  little  open  glen  which 
comes  down  to  the  cove,  and  about  100  yards  from  the  sea,  is 
a  quarry  in  serpentine.  This  (no.  13)  is  rather  a  dull  dark 
variety  of  an  aluminous  aspect,  and  is  much  cracked  and  jointed. 
This  is  probably  due  to  some  small  gabbro  veins  (coarsely  crystalline 
and  much  decomposed)  which  have  been  exposed  in  opening  the 
quarry.  On  the  shore,  east  of  a  small  row  of  houses,  a  mass  of  the 
newer  gabbro  is  exposed,  very  schistose  in  the  upper  part.  Gabbro 
veins  may  be  seen  on  the  hill-side  behind  the  village. 

Proceeding  onwards,  we  observe  that  the  shore,  where  free  from 
sand,  consists  of  serpentine  with  intrusive  veins  of  the  newer  gabbro. 
These  become  more  numerous  as  we  approach  the  main  mass  of 
gabbro,  which  is  reached  about  a  quarter  of  a  mile  from  the  end  of 
the  village.  In  plan  this  is  an  irregular  oval,  a  little  more  than 
four  miles  long  and  two  wide,  which  forms  the  elevated  upland  of 
of  Crousa  Down,  some  300  feet  above  the  sea.  The  line  of  the 
raised  beach  is  well  marked  by  a  low  cliff,  and  in  one  place  by  a 
projecting  rocky  plateau  of  considerable  extent  a  short  distance 
above  sea-level.  The  rock  at  the  southern  edge  of  the  massif  varies 
greatly  in  texture,  being  sometimes  moderately  coarse  (often,  owing 
to  the  prevailing  greyish-blue  tint,  seeming  from  a  short  distance  quite 
compact),  sometimes  very  coarse,  with  crystals  of  felspar  anddiallage 
nearly  an  inch  across.  In  the  latter  the  felspar  generally  weathers 
to  a  dull  white ;  the  diallage  is  more  or  less  metallic,  commonly  with 
a  greenish  tinge.  Some  of  the  more  compact  varieties  also  weather 
to  a  decided  mottled  white  and  dull  green,  like  the  gabbro  of 
Mont  Colon  and  the  Matterhom  (Pennine  Alps);  but  others  (for 
what  reason  I  cannot  say)  assume  a  slightly  rusty  tinge  on  their 
lurface  as  the  felspar  weathers  out,  leaving  the  diallage  crystals 
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projecting,  as  happens  with  the  gabbro  of  the  CnchnDin  Hills,  Skye. 
I  have  had  slides  cut  from  one  of  the  dark  bloish  unweathered 
specimens,  and  firom  one  of  the  exterior  white  and  green.  The 
former  shows  the  rock  to  be  an  olivine  gabbro.  There  is  pLagio- 
dase  felspar,  generally  in  rather  short  irregularly  oblong  ciysUk, 
showing  bright  colours  and  twinning.  Some  of  these  exhibit  a  pecu- 
liar strongly  marked  cleavage  (or  minute  twinning,  with  one  set  of 
crystals  dominating),  which  gives  them  a  general  resemblance  to  the 
structure  of  diallage.  The  felspar  is  in  places  rather  decomposed. 
There  ia  a  fair  amount  of  diallage,  and  a  few  crystals  of  oommon 
augite.  These  with  ordinary  light  are  as  nearly  as  possible  colour- 
less, and  are  in  good  preservation.  The  olivine  is  rather  rough  in 
texture  and  much  cracked ;  the  cracks  are  marked  out  by  a  deposit 
of  granular  opaque  mineral,  probably  magnetite,  which  in  some 
cases  appears  to  penetrate  the  intermediate  spaces  (which  are 
commonly  fairly  translucent),  rendering  them  almost  opaque :  now 
and  then  it  assumes  a  browner  tinge,  as  from  haematite  or  limonite, 
and  the  grains  are  slightly  stained  with  brown  or  green.  Most  of 
the  olivine  grains  have  a  finely  granulated  aspect  at  the  edges,  and 
are  sometimes  bordered  by  a  finely  fibrous  mineral,  probably  ser- 
pentinous  and  a  secondary  product ;  the  grains,  however,  show 
very  little  trace  of  conversion  into  serpentine.  Except  the  minute 
granules  described  above,  there  is  very  little  magnetite  or  other 
iron-oxide  visible.  The  above  appearance  would  lead  us  to  conclude 
that  the  olivine  is  a  rather  ferruginous  variety.  The  other  slide  (fig.  7X 

Fig.  7. — Diallage  partly  altered  into  Htymhlende^  from  outer  part 
of  the  great  Gabbro  mass  at  Coverack. 


A.  Decompocdng  felepar.         B.  Diallage.        C.  Hombleiide. 

cut  from  a  somewhat  weathered  mass,  which  in  appearance  closely 
resembled  that  of  the  veins,  exhibits  plagiodase  felspar  beginning 
to  pass  into  the  saussuritic  mineral,  and  diallage,  more  or  less  con- 
verted into  minute  hornblende,  but  no  olivine  or  serpentine  that  can 
be  recognized — the  slide  on  the  whole  being  remarkably  like  one 
cut  from  a  vein  on  the  shore  at  Ooveraok.    On  closely  examining 
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the  replacing  hornblende,  there  appears  some  little  difference  in  the 
Tarious  aggregates — some  (and  these  show  no  signs  of  diallage) 
being  more  ^^  matted  "  in  texture,  if  I  may  use  the  phrase,  than 
others,  and  showing  here  and  there  a  little  of  a  non-doubly  re- 
fracting mineral  rather  like  serpentine.  It  can  hardly  be  supposed 
that  one  part  of  the  same  mass  of  gabbro  would  be  rich  in  olivine 
and  another  at  no  great  distance  entirely  without  it ;  hence  I  con- 
clnde  that  sometimes  the  olivine  in  a  gabbro,  instead  of  changing 
to  serpentine,  becomes  converted  into  hornblende:  the  requisite 
silicate  of  lime  must  be  supplied  by  the  neighbouring  felspar — a 
thing  not  impossible  when  we  see  how  it  is  often  penetrated  by  these 
new  acicular  crystals. 

There  are  some  dykes  in  this  mass  of  gabbro.  Soon  after  getting 
on  it  we  come,  as  we  clamber  along  the  shore,  to  two  small  dykes, 
ronning  rather  irregularly,  of  a  sharp-jointed,  rather  splintery,  very 
compact  duU-grejdsh  or  greenish  rock,  of  a  rather  serpentinous 
aspect,  the  lai^er  generally  about  18  inches,  and  the  smaller  about  15 
inches  wide.  I  have  had  a  slide  cut  from  the  former.  It  proves  to  be  a 
basalt,  chiefly  consisting  of  small  crystals  of  plagiodase  and  augite, 
both  rather  altered,  and  rather  poor  in  magnetite.  I  suspect  that 
much  of  the  plagiodase  is  now  a  pseudomorph ;  we  have  the  irre- 
gular low-tinted  granular  aspect  in  part  of  the  field.  A  good  deal  of 
the  augite  has  undergone  change,  and  should,  perhaps,  rather  be 
called  uraHte;  but  that  the  rock  has  been  a  basalt  I  have  no 
doubt.  There  is  a  little  apatite.  A  short  distance  further  is  a 
dyke  from  one  to  four  yards  wide,  which  forms  a  little  headland. 
This  is  in  parts  very  like  an  ordinary  basalt  or  anamesite,  with  a 
glistening  surface  and  weathering  brown.  Parts  of  it  are  rather 
porphyritic,  having  very  white  felspar  crystals  up  to  about  |  inch 
long.  I  have  had  slides  cut  from  this ;  and  on  examination  it  proves 
to  be  a  basalt,  the  plagioclase  being  fairly  well  preserved,  the  augite 
sometimes  very  characteristic,  and  a  good  deal  of  olivine  with  a 
granulated  dusky  aspect  like  (though  on  a  smaller  scale)  that 
described  above ;  there  is  also  a  fair  quantity  of  magnetite.  The 
most  porphyritic  variety  of  this  rock,  macroscopically,  so  closely 
resembles  the  most  porphyritic  variety  of  the  "  diorite  "  at  Poltesco, 
tbat  the  specimens  might  easily  be  confused. 

Beyond  this  I  observed  two  other  dykes : — one  resembling  a  basalt, 
not  more  than  a  foot  wide,  in  a  little  headland ;  the  other  some 
quarter  of  a  mile  further  on,  also  like  a  basalt,  very  compact,  splin- 
tery in  fracture,  much  cracked  and  jointed.  The  above-described 
dykes  lie  well  in  the  first  mile  of  the  gabbro.  After  following  the 
shore  for  about  that  distance — a  slow  and  rather  laborious  pro- 
cess— I  was  obliged,  by  want  of  time,  to  take  a  path  along  the  low 
cliff  above,  as  I  was  anxious  to  examine  the  greenstone  of  St. 
Keveme. 

This  I  was  not  able  to  do  as  completely  as  I  had  hoped ;  for 
where  from  the  map  I  had  expected  to  come  well  into  the  mass 
(here  coloured  over  a  space  nearly  half  a  mile  across),  I  was  still  on 
gabbro,  pierced  by  frequent  veins  of  greenstone ;  and  I  had  not  time 
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to  go  as  fieur  as  Manade  Point,  a  promontory,  according  to  the  map, 
fonned  of  the  greenstone.  This  rock  is,  in  the  reins,  very  compart, 
of  a  dull  gpreyish  green  coloor,  extremely  hard  and  tough,  weather- 
ing hrown ;  in  general  appearance  it  is  not  unlike  the  IS-indi 
dyke  described  above.  Under  the  microscope  it  is  found  to  be  a 
finely  crystalline  rock,  closely  resembling  the  aforesaid  specimen — 
the  augitic  constituent  now  appearing  generally  as  a  pale  greyish 
or  brownish  rather  fibrous  mineral,  very  feebly  dichroic,  changing 
with  polarized  and  analyzed  light  from  a  pale  or  golden  yellow  to  a 
blue  or  puce-brown  tint.  The  felspathic  constituent  also  only 
alters  from  light  to  dark  milky  grey  ;  hence  I  haye  no  doubt  tlut 
it  too  originally  was  a  finely  crystallized  basalt. 

To  the  north  of  this  there  is  a  little  serpentine  associated  with 
gabbro  (schistose  in  places),  in  the  neighbourhood  of  Polkerris  Point. 
These  have  been  briefly  described  by  Prof.  Sedgwick  and  Sir  H. 
De  la  Beche ;  and  I  have  examined  specimens  in  the  Woodwardian 
and  Mr.  8.  Allporf  s  collections,  but  have  not  yet  been  able  to  visit 
the  district.  I  hope,  should  they  prove  of  sufficient  interest,  to  make 
them  the  subject  of  a  future  communication. 


Some  Inland  Sections. 

In  conclusion,  I  must  briefly  mention  two  places  inland  where  I 
have  more  particularly  examined  the  serpentine : — one,  at  its  first 
appearance,  on  the  road  irom  Helston  to  Llandewednack.  Here,  so 
far  as  I  know,  the  junction  is  concealed  by  vegetation ;  but  a  little 
stream  running  through  a  ravine  must  be  very  dose  to  it.  On  the 
north  side  of  this  is  seen  altered  Devonian  rock,  apparently  shattered 
and  baked.  On  the  south  the  serpentine  rises  in  some  picturesque 
knolls  by  the  roadside.  It  is  a  dark-coloured  homogeneous  rock 
(no.  14),  resembling  that  at  the  south  end  of  the  MuUion  mass, 
weathering  a  brownish  grey,  and  showing,  more  especially  in  the 
weathered  surfaces,  the  banded  structure  already  noticed. 

The  other  instance  is  on  Goomhilly  Downs,  on  the  road  from 
Helston  to  Coverack  Cove.  In  the  first  serpentine-pit  which  I 
passed  (about  half  a  mile  beyond  Sir  L.  Vyvyan's  lodge),  that  rock  is 
found  to  be  dull  and  dark  in  colour  (no.  15.)  with  but  few  broniite 
crystals,  homogeneous  in  aspect,  but  showing  the  banded  stmctore 
remarkably  well,  so  that  on  weathered  surfaces  it  quite  mimics 
stratification.  Another  quarry,  to  the  right  of  the  road,  aboat  seven 
miles  from  Helston,  shows  a  similar  structure ;  but  here  the  ser- 
pentine varied  much  in  different  parts  of  the  pit,  some  specimens 
barely  indicating  it.  Many  of  the  latter  were  extremely  compact  in 
texture,  almost  conchoidal  in  fracture,  and  very  beautify  having  a 
dull-reddish  to  greenish  groundmass,  with  veins  of  bright  red  and  d 
yellowish  steatite ;  the  bronzite  crystals  are  small  and  inconspicuous. 
The  serpentine  weathers  a  brownish  gfrey,  often  with  a  very  ragged 
surface. 
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Summary  of  Inferences, 

From  the  details,  somewhat  lengthy  I  fear,  given  above,  we  are, 
I  think,  entitled  to  draw  the  following  conolusions : — 

(1)  That  the  serpentine  of  the  Lizard  was  originally  an  introsivo 
igneous  rock. 

(2)  That  its  intmsion  was  posterior  to  the  metamorphism  of  the 
hornblende  schist,  the  fragments  of  that  rock  included  in  it  not  dif- 
fering materially  from  the  main  mass,  though,  of  course,  a  little 
more  altered. 

(3)  That  on  the  western  coast  the  serpentine  has  been  broken 
through  by  several  granite  dykes. 

(4)  That  on  the  eastern  coast  it  has  been  broken  through  by  the 
following  igneous  rocks : — 

(a)  Gabbros,  which  at  Coverack  CJove  are  certainly  of  two 
very  distinct  dates ;  and  the  later  are  most  probably  of  the  age  of 
the  great  gabbro  mass  of  Crousa  Down.  Similarity  of  mineral 
character  would  lead  me  to  regard  all  the  east-coast  outbreaks  as 
far  as  the  Balk  as  of  the  same  date,  viz.  that  of  the  Crousa- 
Down  niassif 

(5)  Certain  dark  trap  dykes  found,  like  the  gabbros,  only  on 
the  east  coast,  having  much  the  same  range,  and  the  latest  of  all 
in  date. 

(5)  That  the  gabbros  appear  liable  to  three  forms  of  mineral 
change. 

(a)  The  gradual  conversion  of  their  felspar  into  a  microcrys- 
talline  saussuritic  mineral. 

(6)  The  conversion  of  their  diallage  into  hornblende  by  pseu- 
domorphism, or  rather  by  a  recrystallization,  not  generally  by 
paramorphism,  and  that  in  certain  cases  some  olivine  disappears 
in  this  process. 

(c)  "riie  conversion,  more  or  less  complete,  of  the  olivine  into 
serpentiDe,  in  which  case  the  diallage  appears  little  changed. 

(6)  That  these  trap  dykes  were  very  probably  once  all  dolerites 
or  basalts,  and  that  the  hornblende,  which  undoubtedly  characterizes 
many  of  them,  is  a  secondary  product  due,  as  above,  to  metamor- 
phism of  the  original  pyrozenic  constituent. 

(7)  That  the  metamorphism  of  the  serpentine  was  probably  com- 
plete before  the  intrusion  of  any  of  the  above  rocks. 

(8)  That  the  serpentinous  aspect  of  a  rock  is  often  rather  illusory, 
being  due  to  the  presence  of  an  extremely  small  proportion  of  that 
mineral ;  hence  that  statements  about  the  conversion  of  ordinary 
pyroxenic  or  homblendic  rocks  into  serpentine  require  confirmation 
from  microscopic  examination. 

Microscopic  Examination  of  the  Serpentine. 

With  the  view  of  ascertaining,  if  possible,  the  original  character  of 
;he  rock  which  now  constitutes  the  serpentine  of  the  Lizard,  I  have 
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polarized  light,  the  clear  mineral  filling  the  interspaces  of  the  sef- 
peatine  network  proves,  as  we  should  anticipate,  to  be  olivine,  often 
▼ery  well  preserved,  and  showing  brilliant  colours,  while  the  ser- 
pentine (with  crossed  prisms)  is  dull  milky  white,  with  an  indis- 
tinct fibrous  structure  in  the  strings,  and  often  almost  or  quite  dark 
in  the  larger  patches.  The  other  mineral,  which  is  colourless  with 
ordinary  light,  is  now  seen  to  be  of  more  than  one  species.  One 
part  exhibits  the  characteristic  cleavage  of  augite;  this  occurs  in 
somewhat  rounded  grains  ;  very  thin  veins  of  serpentine  frequently 
traverse  the  crystal,  following  the  lines  of  its  cleavage-planes.  This 
mineral  does  not  seem  the  result  of  change  of  the  augite,  but  to  have 
formed  in  the  cracks ;  and  the  generally  open  condition  of  the  cleav- 
age-planes rather  bears  out  the  idea.  The  colours  of  the  augite 
are  generally  duU;  but  parts  of  a  crystal  occasionally  show  the  usual 
rich  colours,  as  i#  the  present  low  tints  were  due  to  some  subsequent 
chemical  change.  The  other  mineral,  also  colourless,  and  showing 
much  the  same  tints  with  polarized  light,  has  a  peculiar  silky  aspect, 
and  one  well-developed  set  of  dose  and  slightly  wavy  cleavage- 
planes.  I  was  at  once  struck  with  the  resemblance  of  this  mineral 
to  the  enstatite  in  my  specimens  of  Iherzolite,  and  on  testing  it  find 
it  to  be  orthorhombic,  and  so  true  enstatite.  I  found,  however,  a 
crystal  or  two  of  ordinary  diallage.  Besides  the  above  ferruginous 
mioroliths,  doubtless  secondary  products,  there  are  a  few  larger 
opaque  grains  of  iron  peroxide,  probably  original  constituents.  I 
searched  the  slide  for  picotite,  but  could  not  be  certain  of  any  speci- 
men, though  one  or  two  grains  resembled  an  opaque  variety  of  this 
mineral.  One  or  two  cracks,  filled  with  fibrous  serpentine,  traverse 
the  slide. 

MuUian  Cove  (no.  8). — ^With  transmitted  light  the  slide  appears 
to  be  composed  of  a  great  number  of  small  subangular  grains  of  a 
clear  mineral,  often  associated  with  aggregated  black  or  brownish 
dost,  and  generally  clear,  rather  irregularly  oblong  crystals,  about 
-02  inch  in  greatest  length,  showing  a  prismatic  cleavage,  one  set  of 
planes  being  rather  strongly  developed,  all  lying  in  a  base  of  yellow- 
ish green  serpentine.  On  applying  polarized  light  we  find  that,  as 
before,  the  grains  are  olivine,  only  that  the  process  of  conversion 
has  here  advanced  a  stage  further  than  in  the  last  slide.  The  other 
crystals  show  moderately  bright  colours :  many  of  them  are  rather 
dusky  in  parts,  as  if  somewhat  decomposed ;  and  the  patchy  change 
of  the  colours  with  polarized  light  confirms  this.  As  in  the  last 
slide,  they  seem  to  have  been  cracked  after  crystallization,  as 
though  they  had  been  subjected  to  a  strain;  and  serpentine  has 
been  deposited  in  the  cracks.  Some  specimens  resemble  normal 
augite ;  others  are  nearer  to  diallage ;  other  small  crystals  are  ensta- 
tite. This  quite  bears  out  the  macroscopic  appearance  of  the  rock, 
which  is  fuU  of  a  mineral  with  a  rather  silvery  lustre,  but  not  ex- 
actly like  ordinary  diallage.  Here,  too,  a  few  small  grains  very 
much  resemble  picotite.  In  the  augitic  mineral  the  planes  of  prin- 
cipal cleavage  are  approximately  parallel  in  many  of  the  crystals, 
and  there  are  other  indications  of  a  flow  or  pressure  structure.    This 
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is  still  more  coDspicnons  in  two  specimens  lent  to  me  by  ICr.  AHport, 
one  of  which  is  cnt  transversely  to  the  streaky  stmetnre.  Fran 
these,  especially  the  latter,  it  is  qnice  dear  that  the  Btmctore  is 
produced,  not  only  by  a  general  parallelism  in  the  Icmger  dia- 
meters of  crystals  of  a  prismatic  outline^  bat  also  by  a  partial  sepa- 
ration of  the  constituent  minerals — the  angitic  constitaent,  the  obTme 
with  strings  of  serpentine,  and  the  magnetite  being  eadi  more 
abundant  in  particular  layers. 

Giu  Graze  (no.  5). — The  greater  pait  of  the  slide  closely  resembles 
that  of  no.  8,  except  that  there  is  a  slightly  larger  proportion  of 
serpentine,  and  the  rock  has  not  been  quite  so  coarsely  crystalline. 
The  augitio  constituent,  however,  is  less  con^icuons,  and  there  are 
a  number  of  small  patches  of  a  semitransparent,  rather  earthy- 
looking  mineral  from  about  -01  to  -03  inch  in  greatest  leng^  mo«t 
of  which  seem  to  be  coated  externally  by  a  reddish  film  of  iron  p^- 
oxide.  The  augitic  constituent  appears,  as  at  Coverack,  to  be  partly 
normal  augite,  with  some  diaUage,  and  parUy  enstatite.  The 
crystals,  however,  are  much  smaller  here ;  so  that  it  is  more  difficult 
to  determine  them.  The  granular  mineral,  with  polarized  li^t, 
very  closely  resembles  the  pseudomorj^c  product  after  the  f eispars 
of  the  gabbros  described  above ;  and  on  close  examination,  soine 
indications  of  an  irregularly  oblong  crystal-like  form  may  be  de- 
tected. This  rock,  therefore,  probably  differs  from  the  others  in 
containing  a  small  quantity  of  felspar ;  and  I  may  state  that  it  is  the 
only  case  in  which  I  have  detected  that  mineral  in  the  serpentines 
of  the  Lizard*. 

L&wer  Pradanaclc  Quarry  (no.  7). — ^The  slide  from  this  quarry,  as 
might  be  expected  frt)m  the  general  resemblance  of  the  rock,  corre- 
sponds very  closely  with  that  described  above  from  MuUion  Cove ; 
^e  olivine  is  in  much  the  same  condition  of  conversion  into  ser- 
pentine. It  contains  also  little  dark  brown  and  greenish  brown 
semitransparent  grains,  which  I  feel  certain  are  picotite.  Here 
also  a  banded  structure  is  indicated  by  a  partial  separation  of  the 
component  minerals ;  enstatite,  however,  in  this  rock,  rather  predo- 
minates over  the  augitic  constituent. 

Bill  Quarry  (no.  4). — ^This  slide  shows  a  nnmber  of  subangnlar 
transparent  grains,  generally  edged  with  black,  of  dear,  ccdoarkss, 
and  rather  fibrous  crystals  of  longish  oblong  outline,  and  of  scattered 
granules  of  magnetite,  set  in  a  very  pale  ydlowish  green  serpentine, 
now  and  then  stained  brown.  A  few  lai^ger,  irr^ular,  imperfectly 
transparent  granules  seem  to  be  picotite.  On  applying  polansed 
light  the  subangnlar  grains  prove  to  be  olivine,  and  the  fibrous 
crystals  enstatite  (lengthened  in  the  direction  of  the  macrodiagonal). 
There  is  also  a  crystal  about  0-2  inch  long,  of  rather  rhomboidil 
shape,  which  proves  to  be  this  mineral;  it  exhibits  the  usual  dea- 

*  My  friend  Mr.  Main,  our  Lecturer  in  Chemistry,  kindly  asontained  for  me 
the  amount  of  Al^O.  in  thi>  rock,  and  infonns  me  that  the  amount  is  oidy  04 
per  cent  This  would  mean  rather  more  than  1  per  cent  felspar ;  hut  then  this 
amount  of  Al^O,  might  he  present  in  the  pyroxenic  consdtuenta.  So  the  deCsr- 
mination  is  uncertain. 
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vages,  and  is  rather  cracked  and  separated  along  those  parallel  to 
Qo  P.  This  rock  contains  small  quantities  also  of  an  augitic  mineral, 
but  much  less  than  the  other. 

Helsion  Road  (no.  14). — This  slide  shows  a  very  pale  greenish 
serpentine,  here  and  there  a  little  clouded  with  a  pale  olive  tint,  with 
colourless  granules  of  olivine,  a  good  deal  of  a  rather  fibrous  mineral 
in  irregular  aggregated  grains,  granules  and  dust  of  magnetite,  and 
larger  grains  of  dark  picotite.  One  or  two  pale  brownish  grains 
&how  dichroism  and  a  cleavage  like  that  of  hornblende. 

On  applying  polarized  light  the  serpentine  shows  the  usual 
arrangement  of  doubly  refracting  meshes  on  an  isotropic  ground,  not 
much  of  the  unchanged  olivine  remaining  to  show  colours.  By 
testing  the  fibrous-looking  mineral  I  have  found  some  to  be  ensta- 
tite ;  but  with  the  greater  part  the  optic  axial  plane  seems  certainly 
not  to  coincide  with  the  plane  of  principal  cleavage,  but  to  make  an 
angle  of  about  10°  with  it ;  I  believe  it  to  be  hornblende,  not  dial- 
lage.  The  bedded  structure  is  indicated  by  a  tendency  to  a  banded 
arrangement  in  the  component  minerals  and  a  frequent  approach  to 
parallelism  in  the  longer  diameters  of  prismatic-shaped  crystals,  and 
of  the  principal  cleavage-planes.  Part  of  the  slide  is  traversed  by 
an  irr^ular  vein  filled  with  a  steatitic  mineral,  which  is  almost 
transparent  with  ordinary  light,  and  with  crossed  prisms  shows  a 
feebly  doubly  refracting  granular  structure.  I  regard  it  as  a 
Becondary  product. 

Qoomhilly  Downs  (no.  15). — ^Another  dull-coloured  serpentine 
"with  a  decided  banded  structure.  Groundmass  of  very  pale  light- 
greenish  serpentine,  with  numerous  small  angular  or  subangular 
grains  scattered  in  it  rather  irregularly,  many  aggregated  dusky 
clots,  streaks  and  grains  of  magnetite,  several  dear  brown  crystals 
with  a  prismatic  cleavage  rather  like  hornblende,  in  parts  somewhat 
dusky,  with  several  semiopaque  dusky  patches  of  greyish  and  also 
greenish  colour.  Small  grains  of  picotite  occur,  dull  olive-brown 
and  subtranslucent.'  With  crossed  prisms  the  field  appears  partly 
dark,  partly  occupied  by  a  slightly  fibrous,  feebly  doubly  refracting 
variety  of  serpentine,  of  a  dull  bluish-grey  colour, — chrysotile  or 
some  allied  variety.  The  grains  of  olivine  show  the  usual  clear 
bright  colours ;  the  homblendic  mineral  is  not  brilliant ;  and  enstatite 
is  seen.  The  dusky  spots  show  a  granular  structure,  something  like 
the  felspar  pseudomorphs  described  above  ;  but  of  their  true  nature 
I  cannot  be  certain.  The  streaky  structure  is  indicated  both  by  a 
tendency  to  grouping  in  parallel  bands  on  the  part  of  the  minerals, 
and  by  a  parallelism  in  the  longer  diameters  of  the  prismatic  crystals 
and  the  streaks  of  magnetite. 

Kynance  Cove  (no.  2). — A  ^e  specimen  kindly  lent  to  me  by  Mr. 
Allport,  intermediate  in  character  between  that  of  Grue  Graze  and 
Mullion.  Some  unaltered  olivine,  a  good  deal  of  augite  or  diallage  (it 
seems  generally,  as  at  Mullion,  nearer  the  former)  and  perhaps  a 
little  enstatite ;  there  are  also  a  few  semi-opaque  patches  which  may 
be  altered  felspar  as  at  Gue  Graze.  With  ordinary  light  the  serpentine 
is  of  a  yellowish  colour ;  and  there  is  a  good  deal  of  staining  with  a 
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dftrk  ruddy-brown  iron  peroxide.  There  is  a  steatitic  band  con- 
taining enclosures  of  a  doubly  refracting  variety,  some  of  which  are 
more  Uke  the  pseudo-organic  forms  of  Messrs.  King  and  Bowney 
than  I  hare  elsewhere  seen,  and  many  augitic  crystals. 

S<frpentit*€  from  Qntrrtf  behinti  Coverack  Village  (no.  13). — ^Thia 
rock,  as  might  be  expected  firom  its  appearance,  is,  when  examined 
microscopically,  a  peculiar  one:  rather  clear  strings  of  pale  gold 
chrysotile,  including  not  unfrequently  small  granules  of  magnetite, 
divide  the  field  into  a  number  of  irregular  grains ;  each  of  these  ia 
subdivided  by  a  network  of  yellower  strings  of  the  same  mineral; 
these  are  crowded  with  an  exceedingly  fine  black  dust  composed  of 
microliths  of  various  forms,  mostly  rather  granular ;  and  the  inter- 
spaces^  often  roughly  quadrangular,  are  occupied  by  a  colourles 
mineral  also  partly  filled  with  dust,  probably  magnetite.    This,  com- 
monly, is  aggregated,  as  described  above,  on  the  outer  edge  of  the 
interspace ;  also,  by  bisecting  the  string,  it  often  shows  the  position  of 
the  original  crack.     There  is  no  enstatite  or  diallage  recognizable; 
but  some  fair-sized  scales  of  a  very  dark  brown  and  all  but  opaque 
mineral,  whose  cracks  are  filled  by  colourless  serpentine,  may  ha^o 
been  some  such  mineraL     With  crossed  prisms  the  larger  strings 
vary  firom  opaque  to  a  pale  milky  grey;  the  smaller,  commonly, 
have  a  distinct  golden  tinge,  and  the  interspaces  are  dark  or  very 
pale  dull  milky  grey. 

D^k0  of  S^rp4Hiine,  hau  of  Cliffs  north  of  Kynance  (no.  3).— 
This  may  be  regarded  as  an  exceptional  condition  of  the  serpentine 
of  this  d[istrict :  it  is  very  compact  in  structure,  streaky,  and  red.  On 
placing  it  under  the  microscope  we  find  that  the  slide  consists  partly 
of  roughly  parallel  wavy  branching  bands  of  nearly  clear  serpentine, 
with  a  number  of  roundish  grains,  something  like  the  eyes  in  a  piece 
of  knotted  wood,  of  a  ruddy  brown  tint,  inclining  now  and  then  to 
purple ;  there  appears  to  be  little  <»*  no  unaltered  olivine,  but  a  fair 
gprinkling  of  magnetite.  On  examining  it  with  the  two  Nicols,  ve 
fbod  that  the  clearer  serpentine  is  the  feebly  doubly  refracting 
variety  described  above,  and  that  in  most  cases  the  browner  spots 
are  slightly  doubly  refiracting.  Hardly  any  of  the  olivine  has 
escaped  alteration ;  but  any  one  who  has  made  himself  familiar  with 
the  other  slides  will  have  no  difiiculty  in  recognizing  the  charac- 
teristic structure  in  the  replacing  serpentine.  I  have  no  doubt  the 
rock  shows  a  true  flow  structure. 

Specimen  from  Junctum  near  George  Cove  (no.  6). — ^This  is  also 
an  exceptional  variety,  characterized  by  its  exceeding  compactoesi 
and  parallel  bands  of  duysotile.  Under  the  microscope  both  this 
mineral  and  the  serpentine  appear  nearly  edourless ;  but  the  latter 
contains  many  streaks  and  fibre-like  aggregates  of  magnetite,  while 
the  former  has  only  occasional  minute  microliths  included  between 
the  fibres  of  chrysotile,  and  so  roughly  at  ri^t  angles  to  the  sidea 
of  the  bands.  Some  dark  brown  subtranslucent  grains  are  probably 
picotite.  In  one  band  of  the  slide  these  are  rather  abundant  Tbe 
banded  structure,  very  conspicuous  throughout  this  specimen,  » 
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parallel  to  the  junction-face  of  the  rock ;  and  I  r^ard  it,  like  that 
in  the  Xarak-Clews  gabbro,  as  a  pressure  rather  than  a  flow  struc- 
ture.* On  applying  the  two  Nicols,  the  major  part  of  the  slide  is 
seen  to  consist  of  the  usual  bluish-grey  fibrous  mineral ;  and  the 
only  difference  between  that  which  makes  up  the  mass  of  the  rock 
and  that  in  the  pale  golden  band  is  the  greater  regularity  of  crystal- 
lization in  the  latter.  A  few  minute  cr^'stals  show  a  more  brilliant 
tint. 

Cam  8pamaclc{no,  11). — Obviously  an  altered  olivine  rock, though 
but  little  of  the  olivine  remains  unchanged ;  the  general  aspect  of 
the  groundmass  resembles  no.  3,  except  that  there  is  no  tendency 
to  a  parallel  structure,  the  irregular  network  of  fine  serpentine 
strings  with  the  granules  bordered  within  by  iron  peroxide  being  very 
distinct.  The  oHve-green  mineral,  with  submetallic  lustre,  whici 
forms  the  green  marbling,  is  all  or  almost  all  enstatite,  though  here 
and  there  probably  is  a  little  diallage ;  but  alterations  and  staining 
make  it  difficult  to  be  sure. 

Bl<iek  Serpentine  from  near  Cadgwith  (no.  10). — The  ground  of 
the  slide  is  a  pale  green  serpentine,  traversed  by  numerous  strings 
forming  the  usual  network ;  these  are  colourless,  except  that  they 
are  often  darkened  by  the  abundant  deposit  of  fine  magnetite  dust. 
Several  small  grains  of  picotite  occur,  and  a  good  many  crystals  of 
rounded  exterior  and  platy  structure — the  same  which  is  so  con- 
spicuous to  the  eye  by  its  bright  metallic  lustre.  The  rock  is  clearly 
an  altered  olivine  rock;  and  on  appl3dng  polarized  light  we  see 
that  a  few  grains  of  that  mineral  yet  remain  unchanged.  The 
metallic  mineral  is  all  or  almost  all  enstatite,  though  part  of  it  is 
rather  altered,  and  converted  into  a  kind  of  serpentine;  and  on 
comparing  some  of  the  specimens  with  that  which  I  have  described 
in  Iherzolite  from  Sem  (Ari^ge),  one  cannot  fail  to  be  struck  with 
the  correspondence. t 

The  BclUc  Serpentine  (no.  9,  two  varieties). — ^These  have  the  same 
general  character  as  the  Cam-Sparnack  rock,  both  being  mottled  with 
olive-green ;  but  the  ground  of  the  one  is  more  or  less  red,  of  the 
other  rather  pale  claret-colour.  A  detailed  description  is  needless ; 
both  obviously  are  altered  olivine  rock,  the  chief  distinction  being  that 
in  the  former  the  iron  occurs  rather  in  little  patches  and  lines,  often 
fringing  the  included  grains  (which  are  clear  but  isotropic,  and  so 
serpentine  also),  and  is  the  red  peroxide ;  while  in  the  other  it  is 
more  generally  disseminated,  giving  a  dusty  look  to  the  slide,  and 
appears  to  be  mostly  the  black  oxide,  while  the  grains  are  generally 
a  duU  pale  green :  both  contain  some  picotite.     The  green  mineral 

*  It  ifl  obvious  that  verygimilar  Btructures  may  result  from  tension  and  pre«- 
8ure ;  thus  the  fissile  structure  of  certain  igneous  rocks  (as  I  have  shown  in 
Quart.  Joum.  Q«ol.  Soc.  xxxii.  p.  140)  is  like  true  cleavage.  Professor  J.  D, 
Forbes  regarded  the  banded  structure  of  glaciei^ice  as  the  result  of  differential 
motion,  ide  that  of  slags.  Professor  Tyndall  considers  it  a  pressure  structure ; 
while  in  some  igneous  rocks  a  pseudo-foliation  seems  to  result,  now  from  pres- 
sure, now  from  tension. 

t  See  Mr.  Hudleston's  analysis  of  this  rock,  p.  925. 
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ia  bo^  »  w^oQt  or  aliMst  w^oDy  '^rt^tit^,  tiioogh  often  a  little 
almvd  into  a  acrpenUnoos  nnenL 

Mr.  ALport  ha*  lent  ne  two  speomefis  from  the  Balk,  collected 
fro^  a  lover  lerd  than. kit  own:  one  diows  the  banded  stnictaie 
-verr  well,  and  eontains  manr  aortic  crystals,  with  one  which  I 
think  is  etnainlT  cnstatxte ;  the  other  has  some  olivine  s^  nn- 
ehjLTUied,  and  a  good  deal  of  enstatite  partially  conrerted  into  ser- 

A  Sp*ei-mem  frcm  iki  Qttarry^  aiMf<&  of  Kymance  (no.  1).— The  dull 
clir«-colo^;red  rock  with  many  greenish  grey  stnngs,  can  be  now 
kietni^ed  as  an  olirine  rock,  though  veiy  highly  altered,  and  much 
»3re  diSeult  to  recogniie  than  the  others.  The  metamorphic  proce§s 
has  beea  cirri«d  T«rr  £ar :  the  grains  between  the  strings  are  stained 
a  Terr  pa>  crnridh  brown :  and  there  is  a  faint  ooncentric  banding 
like  th^  of  ;ijn:e.  Sxne  of  the  iron  remains  as  black  dost ;  the  rest 
is  the  red  peroxiile.  The  enstatite  or  diallage  (in  small  crystals  always) 
is  Alisost  repUeed  by  an  opaque  brown  mineral  deposited  between  its 
dearaee-pLinfs*  pre bably  some  oxide  of  iron.  Polarized  light,  as  osnal, 
sh?ws  the  smnss  to  be  doobly  refracting,  the  grains  isotropic 

I  pc<a9gj»s  foor  other  stides,  cut  from  specimens  from  the  east 
coast,  two  from  the  Balk  and  two  from  near  Pcdtesco ;  of  thepredse 
kxAiides  I  am  less  certain  than  in  the  case  of  the  abore.  it  is, 
howerer,  needless  to  describe  ihem^  as  they  would  add  nothing  to 
the  aboTe  erideDce,  being  more  highly  altered  than  the  majority. 
Still  it  is  dear  they  have  been  oUrine  rocks ;  and  the  glistening 
mineral  also  appears  to  be  enstatite*. 

That  the  liiard  s^pentine  is  an  intmsiTe  rock  I  have  already 
•howm  in  the  earlier  part  of  this  paper;  the  microecopic  exami- 
naticn  confirms  the  id^  which  both  d  priori  chemical  considerations 
and  the  general  aspect  of  the  rock  suggest,  that  it  is  an  altered 
olrrine  rock.  The  process,  as  is  shown  by  what  w©  hare  seen  ahoTe 
and  what  I  hare  described  in  my  paper  on  the  "  Lherzolite  of  the 
Ariege^"*  apparently  consists  in  the  gradual  decomposition  of  the 
ohTine  by  the  action  of  slowly  infiltrated  water,  during  which  the 
hydrous  compoond  serpentine  is  formed,  and  the  iron  thus  liberated 
is  thrown  down  as  eitherFCjOj  or  Fe,0^,  commonly  the  latter.  Mr. 
Maepherson'^  considers  the  reaction  as  a  '*  loss  of  one  fourth  part  of 
its  (magnesia)  base. . .  .replaced  by  two  molecules  of  water,'  a 
reaction  which  can  be  expressed  by  the  formula 

(4MgO  2SiO^)+2HO=3MgO  2SiO,-h2HO +3lgO. 

The  magnesia  he  conceires  to  hare  been  removed.     He  does  not, 

*  It  mar  be  interesting  to  mentioa  thai  I  haTe  had  a  fVagmant  iliced  from 
that  Tcry  dark  wrpentiue  with  calcareous  Tetna  called  Genoa  warblt,  whidi 
has  bMo'iised  in  the  decoration  of  the  Hall  of  the  Fitzwilliam  Huseam,  Out- 
bridge.  It,  toov  is  a  highly  altered  olirine  rock,  with  anall  crystals  of  rsthsr 
•Itered  enstatite,  and  Tcins  of  dolomite  (?). 

t  •*  On  the  Origin  of  the  Serpentine  of  the  Bhonda  Mountain^"  Inn.  Soo. 
«P«i.  Hist.  XaL  ToL  ir.  pC  1. 
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kowever,  take  aocount  of  the  iron,  which  must  have  entered  into  the 
composition  of  the  original  olivine,  replacing  some  of  the  magnesia ; 
as  tiiis  seems  to  remain,  all  that  would  be  required  would  be  the 
decomposition  of  the  original  mineral,  and  hydration  of  some  of 
its  constituents.  Mr.  Maq^herson's  paper,  which  I  did  not  see  till 
I  had  nearly  completed  my  own,  quite  confirms  my  observations ; 
and  some  of  his  figures  might  have  been  taken  from  my  Cornish 
slides,  so  great  is  the  resemblance.  As,  then,  the  Lizard  serpentine 
also  contains  enstatite  *,  an  augitic  mineral,  and  even  picotite,  all 
constituents  of  typical  Iherzolite,  we  are,  I  think,  justified  in 
regarding  it  as  the  result  of  an  alteration  (by  the  action  of  water, 
not  necessarily  at  a  high  temperature)  of  a  great  mass  of  that  rockf. 

The  results  of  my  examination  of  the  older  gabbro  and  dark  trap 
dykes  of  Ooverack,  and  of  these  Lizard  serpentines,  render  me  rather 
suspicious  of  the  common  statements  about  the  metamorphism  of 
ordinary  pyroxenic  and  homblendic  rocks  (i.  e,  those  also  containing 
a  fair  proportion  of  felspar)  into  serpentine.  An  olivine  consti- 
tuent, as  a  rule,  changes  readily  into  that  mineral ;  enstatite  also 
alters,  though  more  slowly,  as  we  have  seen,  and  as  is  shown  in 
Brogger  and  Vom  Bath's  description  of  the  great  enstatite  crystals 
from  Norway  (Monatsber.  d.  k.  Akad.  der  Wissonsch.  Berlin,  1876, 
p.  649).  The  augite  yields  also,  though,  I  think,  generally  subsequently 
to  the  enstatite ;  but  if  it  is  an  aluminous  variety,  I  believe  Uie  silicate 
of  alumina  remains  to  form  the  rather  shapeless  dirty-looking 
microliths  which  I  have  often  noticed  under  these  circumstances. 
To  remove  a  felspathic  constituent  of  a  rock  or  convert  it  into  a 
magnesian  pseudomorph  would,  I  think,  not  be  a  common  operation 
in  nature. 

In  conclusion  we  may  ask  the  question.  Is  there  any  clue  to  the 
age  of  the  various  igneous  rocks  noticed  above  ?  From  what  has 
been  stated,  we  are,  I  think,  justified  in  concluding : — 

(a)  That  the  sedimentary  rock  had  been  metamorphosed  before 
the  intrusion  of  the  Iherzolite. 

(6)  That  the  Iherzolite  had  become  serpentine  before  the  intrusion 
of  the  gabbro  and  of  the  granite. 

{c)  That  the  dykes  of  dark  trap  are  the  latest  rocks  in  this  part 
of  the  peninsula. 

I  am  not  aware  that  there  is  any  proof  whether  the  granite  or 
gabbro  is  the  older  rock.  Sir  H.  De  la  Beche  (Beport,  pp.  99, 173) 
speaks  of  the  granite  as  cutting  the  gabbro ;  but,  as  the  only  evidence 
seems  to  be  the  supposed  vein  at  the  Balk,  which  I  am  convinced  is 

*  From  what  has  been  said  it  will  be  seen  that  most  of  this  is  the  variety 
with  a  metallic  lustre,  or  true  bronzite,  though  it  has  often  been  somewhat 
altered  by  the  action  of  water,  and  is  now  a  hydrous  bronzite.  I  have  never 
■een  true  bastite  in  the  Lizard  serpentine,  but  believe  1  have  detected  it  in  the 
Clicker-Tor  rock. 

t  In  addition  to  the  rocks  mentioned  above,  the  change  of  olivine  into  ser- 
pentine is  well  exhibited  by  the  serpentine  of  Elba.  One  also,  a  serpentine 
with  bastite  from  Sta.  Catarina,  is  very  like  the  Olioker-Tor  rock  described  by^ 
Mr.  Allport,  Quart.  Journ.  Geol.  Soc.  voL  miii.  p.  422. 
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not  true  granite,  but  only  an  altered  sedimentary  rock,  we  hsfe»  m 
far  as  I  know,  no  dne. 

The  sedimentary  rocks  of  the  Lizard  peninsula  are  prebtbly 
abont  Lower-Devonian  age.  The  great  granite  masses  further  nxtk 
are  probably  late  Carboniferous,  or  at  any  rate  pre-Triasaic.  Bo^ 
ritic  outbr^ks,  such  as  might  have  been  fed  by  ihe  great;  gabbfv 
massif,  the  form  of  which  seems  to  suggest  the  probability  tint  il 
was  once  deep  below  a  volcanic  cone,  occur  botii  of  Devonian  ai 
Carboniferous  age ;  and  the  latest  known  igneous  action  in  "  Wtffc 
Wales"  is  recorded  by  the  Triassic  basalts  in  and  about  EzeUr. 
We  may  then  venture  to  conjecture  that  the  intmsion  of  tbe  Iheno- 
lite  was  of  later  Devonian  age,  and  that  both  the  gabbro  and  ^ 
granite  may  belong  to  some  x>art  of  that  immense  period  when  the 
Coal-measures  of  Central  and  Northern  England  were  being  depoaitBd 
and  afterwards  denuded  before  the  '*  New  Red  "  series  was  formed. 
Possibly  the  dark  traps  may  record  the  slight  sporadic  igneous  actka 
indicated  by  the  Exeter  basalts,  and  so  be  of  Triassic  age.  The  ti- 
pect,  however,  of  some  of  these  seems  indeed  to  suggest  that  they 
solidified  at  no  great  distance  from  the  surface,  and  ao  under  eon£- 
tions  not  very  different  from  those  at  present  existing.  Henee  it  a 
possible  that  these  veins,  t<^ther  with  the  phonolite  of  the  Wolf 
Bock,  are  remains  of  a  yet  later  period,  the  Miocene,  during  which 
volcanic  action  was  so  rife  in  Scothuid,  Central  France,  and  Gezmany. 


KoUs  on  ihe  Chemical  Compositiok  of  some  of  the  Bocks  of  the  Lisard 
District.    By  W.  H.  HmLEsroK,  Esq.,  M-A^  F.G.S, 

These  rocks  may  be  roughly  divided  into  four  principal  groopt 
(without  enumerating  others  of  less  importance),  viz. : — 

1.  The  Serpentines. 

2.  The  **  Greenstones  "  in  the  Serpentine. 

3.  The  Hornblende  Schists. 

4.  The  Gabbros. 

Features  in  common, — In  all  specimens  of  the  above  rocks  exam- 
ined by  me,  alkalies  are  extremely  scarce,  if  not  altogether  abeoit  in 
most  cases.  They  are  all  basic,  rarely  containing  as  much  as  50 
per  cent,  of  silica. 

Differences. — Chemically  they  divide  themselves  into  two  groups : — 
Group  A  (poor  in  lime  and  alumina)  includes  the  serpentines; 
Group  B  (rich  in  lime  and  alumina)  includes  the  ''  greenstonee,'^ 
hornblende  schists  and  gabbros — rocks  which,  however  much  thfy 
may  differ  in  appearance,  have  considerable  resemblance  in  their 
fundamental  constitution. 
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Gbottp  a.  Thb  Sebpentikes. 

These  rocks,  as  usual,  present  an  infinite  variety  as  regards  ex- 
ternal appearance ;  but  there  is  considerable  resemblance  in  their 
chemical  composition.  A  specimen  has  been  selected  for  careful 
analysis. 

Black  Serpentine  from  ^^near  Cadg^iih," — ^Black  to  greenish  black, 
opaque ;  fracture  splintery ;  charged  with  numerous  crystals  of  a 
highly  deavable  mineral  of  a  pale  brass-colour  and  metallic  lustre. 
Sp.  gr.  of  the  mass  2*587.  Freed  as  far  as  possible  from  the  crystals, 
the  black  matrix  yields  a  greenish-grey  powder,  which  adheres  in 
considerable  quantity  to  the  magnet.    Composition : — 

Dried  at  100°  C. 

Silicates  &c.  undecomposed  by  HCl 1'37 

Iron  bisulphide    0*41 

Water  (including  traces  of  COj  and  C?) 12-35 

Silica  (pulverulent)  traces  of  Ti  O, 38-50 

Alumina 1-02 

Ferric  oxide    4*66 

Ferrous  oxide 3-31 

Oxide  of  nickel   0-59 

lime   1-97 

Magnesia 36-40 

Sulphuric  acid traces 


100-68 


Two  or  three  kinds  of  crystalline  fragments  are  noticeable  in  the 
undecomposed  residue*;  one  is  probably  enstatite. 

As  the  amount  undecomposed  is  so  small,  the  quantity  of  unaltered 
augite,  diallage  or  enstatite,  must  be  very  tniSing.  Any  olivine 
still  existing  would  of  course  be  dissolved ;  but  the  quantity  of  water 
found,  and  the  fact  that  no  gelatinous  silica  is  noticeable,  preclude 
the  possibility  of  there  remaining  any  considerable  amount  of  this 
mineral  *. 

The  quantity  of  ferric  oxide  is  probably  wholly  in  combination  as 
normal  magnetite  ;  this  would  absorb  2-09  out  of  the  3-31  of  ferrous 
oxide,  leaving  1-22  ferrous  oxide  for  the  hydrous  silicate  which 
forms  the  bulk  of  the  mass.  There  exists,  therefore,  in  all  proba- 
bility, 6' 75  per  cent,  of  normal  magnetite  disseminated  as  a  fine 
powder  throughout  the  mass,  causing  the  blackness  and  opacity  for 
which  this  serpentine  is  remarkable. 

The  undoubted  presence  of  nickel  is  interesting  in  connexion 
with  these  magnesian  rocks ;  it  may  exist  partly  as  nickeliferous 
pyrrhotite,  and  partly  as  a  base  of  the  hydrous  silicate.     It  has  been 

*  The  amount  shown  by  the  microecope  is  extremely  small  (see  p.  921). — ^T.  G.  B. 
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caleolAted  as  aa  oxide.  Steny  Hunt  had  previously  detected  it  in 
the  scrpeatiiies  of  CocnwmlL  Banffkhire,  and  the  Vosgea,  bat  states 
tkit  none  exialB  in  the  ophiohtes  oi  the  Lanientian  rocks  of 
Canada*. 

Bt^i  SerpftUim  frwm  lA<  BaJk  quarry. — ^Doll  pnr^e,  ground 
streaked  with  green,  and  eantaiining  crystals  somewhat  Himilar  to 
the  last^  bat  of  a  greea  ooloor  and  more  Uended  with  the  general 
masa^     Sp.  gr.  2>56L 

Thou^  so  diffiafcnt  in  appewanee,  this  ro^  is  in  oompoaition 
sinfolariy  like  the  preoedin^  one. 

The  nndeeonpoaed  silicate  is  less  in  amount,  and  the  water  is 
greater  1 13*2> ):  the  rdatiTe praportion  of  silica  and  magnena  abooi 
the  same;  bat  there  is  only  1*37  per  cent,  of  ferrous  oxide,  the 
total  iron  remaining  nearly  the  same.  The  bulk  of  the  ferric  oxide 
occurs  probably  as  haematite,  di^iersed  in  fine  powder  through  the 
mass«  jixst  hke  the  magnetite  in  the  last  example  f ;  in  tiiis  case  the 
powder  does  not  adhere  to  the  magnet.  There  is  about  the  same 
quantity  of  nickeL  rather  more  alumina;  but,  on  the  whole,  we  have 
erery  reason  to  suppose  that  wo  see  here  a  rock  whose  original 
composition  was  xmy  elo^e  to  that  of  the  black  rock.  The  giadnal 
oxidation  of  the  magnetite  into  hjunatite,  and  a  slightly  more  com- 
plete hydration  of  the  original  basic  minerals,  constitute  the  real 
didference  between  them. 

TV  BnMsS'tfiti^om  Crystals. — ^Tbeee  lose  9  per  cent,  in  ignition 
^  dried  at  1(1»C»'  CU  and,  although  composed  principally  of  silica  and 
magnesia,  contain  more  alumina  and  lime  than  the  matrix,  and 
much  less  iron.  Their  diemical  oompositioa  is  similar  to  that  of 
bastite;  and  they  are  probably  the  result  of  the  hydration  of  ayariety 
of  enstatite  ^ 

GbocyR 

The  following  are  Tery  rough  analyses  of  scnne  of  the  rocks  aaso- 
dated  with  the  serpentines,  and  which,  as  before  stated,  present 
such  a  remarkable  contrast  to  them  in  the  amount  of  lime  and 
alumina  which  they  contain.  This  is  due  to  the  presence,  in  all  or 
ne^y  aU  of  thenu  of  a  kind  of  alumina-lime  felspar  (?)«  whose 
Taneties  may  be  grouped  under  the  general  term  ^  Saussurite.^  The 
amount  of  alkali  in  those  specimens  examined  appears  to  be  so  small 
that  it  has  been  queried  in  some  cases  when  making  up  the  total 
constituents* 

One  of  the  most  interesting  rocks  is  a  peculiar  gabbro  occurring 
near  Caerleon  Cave  §.  This  gabbro  is  remaikable  for  crystals  of  dial- 
lage  of  great  size,  associated  with  an  opaque  white  mineral  maaa, 

•  Du»  9  '  Mic^rtlcgy;  p.  46a 

♦  This  is  canfirmed  oj  micxxieoc^Hc  enanination  (see  p.  9S1\ — ^T.  G.  B. 

I  Mr.  HudlestoQS specimeii  is  rtrj  suniUr  to  soiDe  of  the  Tmrieties  found  at 


theBdk,  so  this  may  be  taken  as  a  type  of  the  ^^SauBorite'*  ia  this  aeriit  of 
g*hhK».~T.  O.  R 
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representing  the  "  Saussurite."  The  external  portions  of  this  latter 
contain  much  carbonate;  but  the  central  mass,  or  core,  consists  of  a 
bluish-'virhite  compact  silicate,  or  mixture  of  silicates  which,  omit- 
ting small  quantities,  has  the  following  composition : — 

I.  "  Saussurite  '*  of  the  newer  Gabbro. 

Dried  at  100°  C. 

Ignition  (water  with  traces  of  carbonic  acid) . .     4*80 

Silica 45-70 

Alumina 2300 

Oxides  of  iron -50 

Lime   19-30 

Magnesia     4*75 

Alkali  and  loss    1-95 


100-00 


The  compoimd  has  more  affinity,  as  regards  its  percentage  of  silica, 
with  anorthite  than  with  labradorite;  but  the  presence  of  so  much 
magnesia  and  its  poverty  in  alkali  must  lead  us  to  regard  it  as  a 
mixture  rather  than  as  a  mineral  species  worthy  to  be  classed  with 
the  felspars  *. 

n. 

The  diaUage  associated  with  the  above  is  a  well-defined  mineral, 
and  but  slightly  affected  by  ignition  or  acids.  Subjoined  is  a  rough 
analysis : — 

Dried  at  100°  C. 

Ignition  (water) 1-30 

SiHca   50-10 

Alumina 6*77 

Oxides  of  iron 6-90 

lime    17-46 

Magnesia 17-47 

100-00 

Ko  alkali  was  found  in  the  specimen  examined.  The  amounts  of 
lime  and  magnesia,  being  so  exactly  equal,  indicate  a  mineral  which, 
in  its  chemical  aspect,  is  almost  equally  allied  to  the  augites  and 
the  hornblendes  f. 

*  See  p.  895  for  the  history  of  this  mineral.  Perhaps  the  magnesia  may  be 
aooounted  for  by  the  presence  of  pale-coloured  hornblende,  which,  though  almost 
microscopic,  is  often  present  in  considerable  quantities. — 1?.  G.  B. 

t  This  may  explain  the  extreme  facility  with  which  this  diallage  is  replaced 
by  hornblende,  see  p.  895. 
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nL 

Anal^  of  ihe  CamperMoek  Sock  (p.  902). — ^A  Tery  hard  tough 
Tariety,  poor  in  diallage,  occumng  in  the  great  dyke-like  mass  of 
gabbro  which  comes  down  to  the  sea  at  Earak  Clews.  The  analyaB 
therefore  represents  the  condition  of  one  of  the  more  **saQ8sa- 
ritic  '^  varieties  of  the  last  rock. 

Dried  at  100°  C. 

Ignition  (chiefly  water) 1-13 

Silica  49-50 

AlnmiTift 18'75 

Oxides  of  iron 1*50 

lime    20-62 

Magnesia     8-00 

AlkaU  (?)  and  loss -50 


100-00 


IV. 


The  hornblende  schist  of  the  lizard  presents  many  yarieties, 
which,  on  analysis,  wonld  differ  materiaUy  as  to  quantities.  The 
foUowing  is  from  a  variety  of  high  speciflc  gravity  occurring  near  the 
lighthouse.  About  one  fourth  of  the  rock  is  soluble  in  acid.  It  con- 
tains a  noteworthy  amount  of  pyrites  and  phosphoric  acid. 

Dried  at  100*^0. 

Ignition  (water) 1*30 

Silica 47-40 

Alumina 19-30 

Oxides  of  iron 11'40 

Lime    11-80 

Magnesia 7'75 

AlkaH  (?)  and  loss 1-05 

100-00 


(For  the  Discussion  on  this  paper  sup,  460.) 
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49.  On  the  Acrioir  of  Coabt-Icb  on  an.  OsciLLATiNa  Abea.  By  Prof. 
John  Milne,  F.G.S.,  of  the  Imperial  College  of  Engineering, 
Tokio,  Japan.     (Bead  June  20,  1877.) 

TAbridged.] 

[In  this  paper  the  author  commenced  by  discussing  those  theories 
which  have  been  proposed  to  account  for  glacial  markings  by  the 
assumption  of  a  polar  ice-cap.  He  argued  that  even  if  such  vast 
sheets  of  ice  as  are  accepted  by  many  geologists  could  have  produced 
the  gloves  and  other  markings,  and  the  drift  deposits  ascribed  to 
their  agency,  the  action  of  the  sea  during  subsequent  submergence 
and  upheaval  of  the  regions  where  these  phenomena  are  displayed 
would  certainly  have  effaced  all  such  traces  of  ice-action.  Other 
objections  might  also  be  raised  to  the  hypothesis  of  great  ice-sheets ; 
and  he  thought  it  desirable  to  consider  fully  "  whether  other  agents 
may  not  have  shared  the  work  with  which  they  have  been  credited." 
He  proceeds  as  follows : — ] 

Excepting  glacier-action,  which  will  generally  have  taken  place 
in  elevated  regions,  I  think  it  can  be  shown  that  the  modelling  and 
scratching  has  in  many  instances  been  produced  by  an  agent  the 
existence  of  which  is  certain,  and  which  acted  under  conditions 
favourable  to  the  preservation  of  its  work.  Such  an  agent  is  coast 
or  floe-ice  acting  on  a  rising  area. 

Examples  of  the  work  done,  and  being  done,  by  such  an  agent 
under  the  stated  conditions  I  shall  take  from  Newfoundland,  La- 
brador, and  Finland.  Every  year  the  shores  of  these  countries  are 
surrounded  by  a  fringe  of  ice.  During  the  process  of  freezing  and 
at  other  times,  by  various  causes,  such  as  tides,  currents,  wind,  the 
driving  in  of  pack-ice  from  the  sea,  this  is  forced  up  and  down  upon 
the  shore  on  which  it  rests.  By  actions  such  as  these,  which 
extend  sometimes  100  yards  back  above  high  wat^r,  the  shore  line 
is  scratched,  scoured,  and  rounded.  Boulders  and  angular  stones 
travel  along  the  coast,  and  are  often  deposited  in  banks  and  lines  far 
removed  from  the  cliffs  or  mountain  masses  from  which  they  were 
originally  detached.  These  actions  are  perhaps  best  seen  upon  the 
small  islands  which  form  archipelagos  along  the  shores  of  £dl  those 
countries  to  which  I  have  referred. 

Lying  well  out  from  the  east  coast  of  Newfoundland  there  is  an 
island  called  Funk  Island,  which,  through  the  action  of  the  floe-ice 
by  which  it  is  annually  invaded,  has,  I  believe,  received  not  only  the 
ordinary  marks  due  to  the  moulding  of  ice,  but  also  its  contour  as  a 
whole.  It  is  about  half  a  mile  in  length,  very  low  and  flat,  and  is 
situated  right  in  the  stream  of  arctic  ice  coming  south  from  Baffin's 
Bay  and  Labrador.  The  northern  end  of  this  island,  which  has 
every  year  to  face  the  pressure  of  the  vast  fields  of  ice  which  are 
borne  down  upon  it,  is  visibly  worn  down  and  covered  with  erratic 
boulders,  whilst  the  opposite  extremity  is  a  low  but  abrupt  cliff. 


Digitized  by  VjOO^IC 


930  JOHX  MTUTB  09  TU  ACBOS  09 

Tasmn^  by  this  extreme  ca«e,  and  considering  the  genendi^  of 
blanda  a^  exlubited  in  tbeee  three  districts  (bat  more  especullj 
perhspe  thoee  of  Finland )  with  regard  to  the  way  in  which  they  are 
acted  on  bj  ice,  I  divide  them  into  the  following  three  groiqis : — 

1.  Rocks  which  at  high  water  are  hidden  from  view,  bat  at  low 

water  appear  as  small  islands. 

2.  Those  small  islands  which  are  always  abore  sea-lereL,  bat  yet 

are  an  nn ally  corered  with  ice,  which  is  driTen  op  their  sides 
and  OTer  their  snmmits  by  outside  pressore. 

3.  Those  islands  whose  sammits  are  beyond  the  inflnence  of  ice. 

The  tops  of  these  are  generally  covered  with  trees  and 
vegetation,  whilst  others,  which  are  usually  not  so  high,  have 
only  a  black  colour,  probably  due  to  a  growth  of  lichen. 

laUnds  emerging  from  an  ocean,  aa  these  appear  to  be  doing, 
must  saccessively  pass  through  the  stages  I  haye  enumerated. 
During  the  first  two  of  these  stages  they  are  wholly  within  the 
influence  of  coast-ice,  as  may  be  clearly  seen  from  those  islands  on. 
the  Finnish  coast,  which  have  not  only  been  moulded,  but  are  kept 
of  a  whitish  colour  by  the  scouring  they  continually  undergo.  Tlus 
latter  character  is  especially  noticeable  in  the  islands  of  the  third 
dass,  the  upper  parts  of  which  have  been  raised  so  high  that  they 
are  now  beyond  the  influence  of  the  scouring  agency ;  these  parts 
are  black  with  a  growth  of  lichen,  whilst  those  at  a  lower  level, 
which  are  annually  invaded  by  the  ice,  are  kept  of  a  whitish  colour. 
Now,  between  the  dark  upper  parts  of  such  islands  as  I  have  classed 
in  this  last  group  and  their  lower  parts,  so  far  as  I  could  see,  there 
is  a  continuity  in  contour  between  the  undulations  and  curves  along  the 
margin  of  the  water  (which  I  know  to  have  been  product  by  coast-iu) 
and  those  which  lie  at  higher  levels.  From  this  it  seems  to  me  an 
inevitable  conclusion  that  the  upper  mouldings  were  produced  in  the 
same  way  as  those  below,  and  have  since  been  raised  to  their 
present  position. 

Should  two  or  three,  or,  still  better,  a  whole  archipelago  of  these 
islands  slowly  rise  to  unite  and  form  a  continuous  land  surface,  I  do 
not  think  it  would  be  unlike  many  parts  of  Finland. 

Turning  from  the  islands  to  the  adjoining  mainland,  it  seems 
natural  to  conclude  that  the  actions  which  produced  the  features  in 
the  one  were  identical  with  those  producing  the  features  in  the 
other. 

In  these  arguments  it  must  be  remembered  that  not  only  does 
the  action  of  coast-ice  upon  an  oscillating  area  explain  many  phe- 
nomena of  ordinary  occurrence,  but  it  also  readily  explains  some 
phenomena,  such  as  the  appearance  of  erratics  at  levels  higher  than  the 
parent  rock  from  which  they  were  derived,  which  would  be  difficult 
to  account  for  by  either  the  action  of  sheets  of  ice  or  of  glaciers. 

Icebeigs  I  have  not  considered,  because,  both  from  my  own  obser- 
vations and  more  especially  from  the  observations  of  those  whose 
labours  lie  amongst  them,  I  believe  them,  as  compared  with  all  other 
forms  of  ice,  incomparable  as  transporters  of  material,  and,  from 
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mathematical  considerations  of  their  flotation,  incapahle  of  producing 
any  great  effect  in  grinding  the  shoals  on  which  they  may  occa^ 
siondily  ground. 

Many  of  the  phenomena  presented  by  our  northern  countries  and 
attributed  to  ice-action  are  readily  explained  by  the  supposition  of 
coast-ice  acting  on  a  rising  area,  but  only  with  difficulty  when 
either  glaciers  or  ice-sheets  are  supposed  to  have  been  the  grinding 
agents.  In  such  cases,  all  that  I  ask  is  that  coast-ice  may  have  its 
due. 

Cosmical  changes,  or  even  changes  in  the  geography  of  land  and 
sea,  I  think  have  b^n  sufficient  to  bring  coast-ice  as  far  south  as 
any  of  the  low-lying  regions  which  exhibit  traces  of  ice-action. 
These  changes  may  also  on  the  higher  ground  have  given  rise  to 
glaciers  which  ground  out  lake-basins  and  moulded  valleys;  but 
that  these  changes  produced  large  ice-caps,  filling  oceans  and 
covering  countries,  I  do  not  see  that  we  are  justified  in  supposing 
until  there  is  a  greater  convergence  of  such  evidence  as  can  be 
brought  to  bear  upon  the  subject. 

If  we  take  a  map  of  Northern  Europe  on  which  are  indicated,  the 
general  direction  of  ice-markings,  any  inference  which  can  be  drawn 
from  such  directions,  which  all  point  more  or  U^s  at  right  angles  to 
the  sea-coast,  is  as  favourable  to  the  view  that  they  wore  produced 
by  coast-ice  acting  on  a  rising  area  as  it  is  to  the  fact  that  they 
point  out  the  direction  in  which  the  great  ice-sheets  travelled. 

In  conclusion,  I  will  say  that  one  thing  appears  to  me  certain — 
namely,  that,  even  if  we  accept  the  most  favourable  views  of  large 
ice-caps,  the  appearances  presented  by  many  countries,  wliich  have 
hitherto  been  ascribed  to  their  action,  ought  rather,  for  reasons 
already  stated,  to  have  been  accredited  to  the  action  of  coast-ice  on 
a  rising  area. 

(For  the  Discussion  on  this  paper ^  see  p.  861.) 
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50.  Om  Co4ir>PKBBLss  oncf  cAetV  DBSXTAnoir. 
By  H.  K.  JoMAjr,  Esq.,  F.G  A 

[Abridged.] 

Tss  mxitlior  eommeneed  by  referring  to  the  discoTery  by  the  late 
Sir  William  LoeraiL  as  early  as  1840,  of  a  pebble  of  cannel  coal  in  a 
layer  of  indurated  clay  at  Pendawdd,  and  of  coal-pebUes  inter- 
adratified  with  the  Pennant  Sandstones  in  considerable  abondanoe 
(Proc.  GeoL  Soc.  toL  iii.  p.  276^  The  late  Sir  Henry  de  la  Beche 
also  discoTered  coal-pebbles  in  seTeral  areas  of  the  coal-field  both  in 
Moomoathshire  and  Glamoiganshire  (Mem.  GeoL  Sorr.  toL  L 
f^  li>3,  194). 

The  author  noticed  the  dirision  of  the  coal-bearing  strata  of  the 
part  of  the  Welsh  coal-fidd  east  of  the  Vale  of  Neath  into  two 
gronpa.  The  higher,  consisting  of  the  sandstones  known  as  the 
Pennant  Grit,  with  comparatively  few  coal-seams,  varies  from 
3000  feet  in  thi<^3iess  at  the  Yale  of  Neath  to  900  feet  at  its 
eastern  outcrop  near  Pontypool ;  the  lower,  consisting  chiefly  of 
argiBaceoQs  shales  with  nnmeroos  seams  ot  coal  and  ironstone,  is 
about  I6^n}  £eet  thi^  to  the  lowest  workable  coal-seam.  According 
to  his  obserrations,  coal-pebbles  are  not  found  in  the  shales  of  the 
lower  group,  but  they  occor  towards  the  base  of  the  Pennant  Sand- 
stones, sometimes  associated  with  granite  pebbles. 

Sir  W.  Logan*s  pebble  of  cannel-^soal  was  found  in  a  layer  of 
indurated  day  oreiiying  a  seam  of  ordinary  coal ;  and  it  was  sup- 
posed to  have  been  derived  from  a  coal-seam  about  2000  feet  lower 
in  the  series.  This  view  the  author  regards  as  untenable,  as  it 
would  imply  the  elevation  and  denudation  of  the  lower  seams  in 
some  adjttning  area  of  the  original  coal-field  before  the  deposition  of 
the  hi^er  Coal-measores — an  assumption  which  is  negatived  by  the 
structure  c^  the  district.  His  own  opinion  is  that  the  pebbles  are 
dflrived  either  from  the  seam  of  coal  above  which  they  are  found,  or 
from  the  destruction  by  erosion  c^  a  seam  of  coal  which  once  existed 
approximately  in  the  position  where  they  are  found,  the  eroskm 
in  either  case  being  effected  by  the  strong  water-currents  which 
distributed  the  grains  of  sand  and  other  material  upon  the  coal-seam. 

The  author  instanced  the  sandstone  forming  the  roof  of  the 
^  Bock  Fawr "  seam  near  Bridgend  as  containing  in  some  aress 
very  large  quantities  of  detrital  coal  and  coal-pebbles  up  to  the  size 
of  a  hen's  egg ;  and  these  pebbles,  which  consist  of  the  same  coal  as 
that  in  the  seam  below,  have  thdr  angles  but  slightly  rounded.  In 
some  seams  the  coal  is  overlain  by  thin  beds  of  shale,  coal,  and  fire- 
clay, upon  which  the  roof  of  the  seam  reposes ;  but  in  places  theee 
overlying  beds  disappear,  sometimes  from  large  areas,  bringing  the 
sandstone  roof  into  direct  contact  with  the  coal,  whidi  is  generally 
thinner  at  these  parts ;  and  the  author  concludes  that  this  lesser 
thickness  of  coal,  and  the  disappearance  of  the  shales,  &o^  are  doe 
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to  the  erosive  action  to  which  he  ascribes  the  origin  of  the  coal* 
pebbles. 

When  these  "  coal-conglomerates  "  are  found  without  any  coal- 
seam  immediately  beneath  them,  the  author  infers  that  the  seams 
from  which  they  were  derived  have  been  entirely  broken  up,  and 
converted  into  pebbles  and  fine  detritus,  the  cbaracters  of  the 
pebbles  and  the  friability  of  the  material  of  which  they  are  com- 
posed being,  ho  thinks,  incompatible  with  the  notion  of  tbeir  having 
been  transported  from  a  distauoe. 

The  greater  frequency  of  coal-pebbles  in  the  south  than  in  the 
north  and  east  parts  of  the  coal-field  he  attributes  to  the  occurrence 
of  stronger  water-currents,  probably  resulting  from  more  rapid  sub- 
sidence, in  the  former — in  support  of  which  he  instances  the  increase 
-which  takes  place  in  the  thickness  of  certain  strata  in  a  south  and 
west  direction. 

With  regard  to  the  occurrence  of  a  pebble  of  cannel-coal  at  Pen- 
clawdd  above  a  seam  of  bituminous  coal,  as  recorded  by  Sir  W. 
Logan,  the  author  remarks  that  several  seams  of  coal  in  South 
Wales  have  for  their  upper  layer  a  thin  bed  of  cannel-coal ;  and 
he  infers  that  the  Fenclawdd  seam  was  of  this  kind,  and  that  its 
original  superficial  layer  of  oannel-ooal  was  broken  up  and  eroded 
as  above  suggested. 

As  an  example  of  the  effects  of  a  water-current,  the  author  stated 
that  at  a  colliery  in  the  Forest  of  Dean  the  "  Coleford-Hill-Delf  *' 
seam,  which  had  a  thickness  of  about  5  feet,  was  in  one  part  of  the 
colliery  found  to  be  entirely  "washed  out,"  the  sandstone  roof 
resting  directly  upon  the  underclay.  In  an  adjoining  area  the  coal 
was  from  S  to  12  feet  thick ;  and  the  author  was  of  opinion  that  the 
coal,  after  its  formation,  but  before  the  deposition  of  the  roofing 
sandstone,  had  been  entirely  removed  from  one  locality  and  piled  up 
in  the  other  by  the  action  of  a  strong  current  of  water.  The  thick 
coal,  although  unusually  friable,  was  free  from  any  admixture  of 
roof-material. 

From  the  preceding  considerations  the  author  infers  that,  previous 
to  the  deposition  of  the  roof-material,  the  coal  was  to  a  great  extent 
consolidated,  although  perhaps  only  partially  indurated ;  and  he 
points  out  further  that  the  hardness  of  coal  is  not,  as  sometimes 
supposed,  dependent  upon  pressure,  as  hard  and  friable  coal  may  be 
found  in  contiguous  beds  of  the  same  seam,  and  the  highest  seams 
in  the  South- Wales  Coal-field  yield  harder  coal  than  others  3000  feet 
lower  in  the  series. 

Discussiow. 

Mr.  MooGRiDOE  stated  that  he  was  well  acquainted  with  the  dis- 
trict referred  to,  and  had  always  thought  that  these  pebbles  resulted 
from  beds  broken  up  and  much  rolled.  There  is  a  bed  of  good 
cannel-coal  in  the  district,  four  miles  from  and  at  a  higher  elevation 
than  Pendawdd,  so  that  pebbles  from  it  might  have  been  deposited 
at  the  latter  place.  Thus  we  should  not  have  far  to  go  for  the 
source  of  the  pebbles. 
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icamkcd  ttat  ^e  8«ib|eet  Woa^^t  forward  hj 
one  ol  great  intereBt.  He  thought  there  might  be 
for  thcie  pebbtes: — fint,  floathig  wood  eneased  in 
*  aad  carbouied ;  aecoodly,  the  breaking  up  oi  sabmerged 
,  whem  the  ftagf  nta  became  imbedded  in  suids  and  days ; 
and,  thirdly*  the  braking  np  of  old  eoal-beda,  and  the  distiibiitian 
of  the  fragments  throogh  younger  depoaitB. 

The  Armom,  in  reply,  stated  that  he  eonld  not  accept  Mr.  Mog- 
grid^^s  explanation^  beeaose  the  difference  in  the  level  of  thn 
deposits  refened  to  was  doe  to  changes  subseqnoit  to  the  Ibrmatiaii 
of  the  beds  fontaining  coal-pebbles.  Nor  could  he  adopt  the  ex- 
planations inggi^fllrd  by  Prof.  Monia,  becanse,  had  the  pebbles  been 
80  derired,  it  woold  be  reaaonable  to  esqpect  their  occurrence,  more 
«r  iem»  thiooghoat  the  entire  series  of  Coal-measures,  whereas  thej 
they  w^e  i4>und  associated  only  with  seams  of  coal  which  had 
eoane  sandiloBe  X00&. 
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GEOLOGICAL  SOCIETY  OF  LONDON. 


SESSION    1876-77. 


November  8,  1876. 

Prof.  P.  Mabtik  Dttncah,  M.B.,  F.K8.,  Presidenty  in  the  Chair. 

Melville  Attwood,  Esq.,  Mining  Engineer,  722  Bosh  Street,  S&n 
Francisco,  and  R.  W.  Moore,  Esq.,  Mining  Engineer,  19  Catherine 
Street,  Whitehaven,  were  elected  Fellows  of  the  Society. 

The  list  of  Donations  to  the  Library  was  read. 

A  Portrait  of  the  late  G.  Poulett  Scrope,  Esq.,  F.R.8.,  F.G.8., 
was  presented  by  Prof.  J.  W.  Jndd,  F.G.8. 

The  following  communications  were  read : — 

1.  **  A  short  Notice  of  a  new  Exposure  of  Khetics  near  Notting- 
ham," in  a  letter  from  E.  Wilson,  Esq.,  F.G.8.,  dated  November  3rd, 
1876,  in  which  he  said : — 

Since  March  1875,  when  I  drew  public  attention  to  the  occurrence 
of  Bhfietics  near  Stanton,  on  the  new  Midland  line  from  Nottingham 
to  Melton  (notice  whereof  has  been  already  communicated  to  the 
Geological  Society),  that  section  has  not  been  any  farther  exposed. 
Meanwhile  the  Great  Northern  and  London  and  North-western 
Railway  Companies  are  rendering  geological  science  a  service  by  show- 
ing a  similar  but  more  complete  succession  of  Rheetics  in  a  cutting 
close  to  Bamston,  on  their  new  joint  Bingham  branch.  Here  the 
uppermost  Eeuper  marls,  with  thin  gypsum  bands,  are  succeeded  as 
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bed  £raB  3  to 

^9  W  :W  cqiinitBts  of  &e  *^  Kie-fitoBa  "  a£ 
of  sBibr  bedi  latelf 
dtoiB&ite  the  tihmmn  d  t^ 
L&w*  jt  :^s  pcial.    TW  £p  of  sH  the  abore  bedi  k  &f 
m^^  via.  i^  a^  ^  a  ^sk  acnk  «£  SJL  bj  SL  (tiie  direcCiom  oC  tfe 

pKVBi.'  t^  wmm  12  BKBStcm  as  ob  the  yoUiaglii^  and  Gxaat^oi 
^3ir  s£  £Is>:e,3|  J£fj«aarth  cart, bifuji  whidi places  madhejumi 
^  r^rsc^iK  the  ^tin^m-^m^mr^  dHdea.  vilh  the  ahofve^saaed  pn- 
3»3=Te  Lewr-Laa  caffBig',  fivm  a  kv  but  Teiy  dearfy 


Fj3l  f^liMfitflj  te^ael  Ihsv  beco  aUe  to  tmie  the : 
bcvaai  OifeM,  m.  M  EihsigtoQ  and  Cotham,  two  potnla  oa  ^ 
G:l*«£  ycg^enaaei—iiiiiliH  bctw«p  Battesfiaod  and  JCerak. 
At  :he  AZier  pl^ce  am  iBstradhe  aecdoB  maj  be  ei^iecied  as  the 
v^»s  proeeedL  As  ta  thev,  the  BifSfiM:  catting*  aad  flbe  Steafeoi 
aKti«n&  •  vi^:&  k  aow  eondaablr  Bore  adranoedX  I  hope  to  eon- 

£.  WiuoK 

2L  ^Xijle  «■  Ae  Bed  Cn^*     B]r  W.  Wbitaker,  £sq^  BX, 

Cliir-aectxm,  and  the  Bektion  of  tie 
dar,  aritk  aMna  icMzki  «  the  8»- 

«t  CbebaKeCteJImricbOas.''    %f. 


4.M)kjmsU— oalheGaekgjof  BastAw^to,"     Bf&?« 
ITnad.  jo^fiiq^  F.«JIL,«dF.  W.  fianMr,  fiiq^  F.QM^  Ac 

The  ftOomqg  qwrimewi  vert  exhibited : — 
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Cnjg  fossils  from  a  cuttmg  at  Boyton,  naar  Orfbrd,  Soffolk- 
exhibited  byE.Charle8wortli,E8q.,P.G.S?  ' 

South-Afecan  Diamonds;  exhibited  by  Prot  Tennant,  F.G.8. 


November  22, 1876. 
Px<^.  P.  Maetik  DiwcAir,  M.B.,  F.R.8^  President,  in  the  Chair. 

Biohard  Mitchell,  Esq.,  Mining  Engmeer,  and  Secretary  to  the 
Fort-Nigel  Lead  Company,  80  George's  Road,  Regent's  Park,  N.W.; 
Mid  Angostns  Henry  Soott  White,  Esq.,  B.Bc.,  B.A.,  F.C.8.,  12  Villa 
Road,  Nottingham,  were  dected  Fdlows  of  the  Society. 

The  list  of  Donations  to  the  library  was  read. 

The  following  communications  were  read : — 

1.  "  On  the  Pre-Cambrian  (or  Dimetian)  Rodks  of  fit.  David's." 
By  Henry  Hicks,  Esq.,  F.G.S. 

2.  "  On  the  Fossil  Vertebrates  of  Spain.''  By  Prot  fialv^or 
Calderou.    Conunnnicated  by  ihe  President. 

The  following  specimens  were  exhibited : — 

Rock-specimens  from  St.  David's i  exhibited  by  H.  Hicks,  Esq., 
F.G.S.,  in  illustration  of  his  paper. 

Specimens  of  Agates  and  Mocha  stones ;  exhibited  by  Prof.  Ten- 
nant, F.G.S. 

Specimens  of  Voluta  Lamherti  and  Cassidaria  bicatenata  from  the 
Red  Crag  of  the  Woodbridge  district ;  exhibited  by  E.  Charl»worth, 
Esq.,  F.GJS. 


December  6,  1876. 
Prof.  P.  Ma^tot  Dttncak,  M.B.,  F.R.8.,  Presidwit,  in  the  <3bair. 

Thomas  CoUinson,  Esq.,  pf  the  Elms,  Sonthey,  Sheffield ;  P^  Lind- 
say Galloway,  Esq.,  M.A.,  Ryton-on-Tyne ;  the  Rev.  George  Mid- 
dleton,  of  Bourne  College,  Summer  Hill,  Binmoghon ;  8.  H.  jKffted- 
ham,  Esq.,  5  Mecklenburg  Street,  Mecklenburg  Square,  W.C. ; 
Haskell  Win.  Peace,  Esq.,  of  Ai^eld,  W^an ;  Nathaniel  Foancis 
Bobarts,  Esq.,  Btamlbrd  BM,  N. ;  and  J.ohn  StixUxH;,  i^.,  pf  Mm- 
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treal  Hematite  Iron-ore  Works,  WbitebaTen,  17  Enni^aore  Gs- 
dens,  S.W.,  and  Fairbom,  Beanly,  BoBs-Bhire,  were  elected  F^om 
of  the  Society. 

The  list  of  Donations  to  the  Library  was  read. 

The  President  announced  the  sad  loss  the  Society  had  sastuad 
in  the  death  of  Mr.  David  Forbes,  F.E.S.,  one  of  its  Secicta», 
which  took  place  on  the  morning  of  Tnesday,  Deoanbor  ^th.  Ha 
thought  it  would  be  felt  by  all  present  that,  as  a  mark  of  Ttspett  ta 
the  memory  of  one  so  higldy  esteemed,  the  proceedings  of  the  Heel- 
ing should  be  limited  to  the  absolutely  necessary  businesB  ;  Inrt  » 
one  of  the  authors  of  a  paper  on  the  list  had  travelled  a  kmg  &- 
tance  in  order  to  attend  the  Meeting,  it  would  hardlj  be  £nr  to  kt 
him  go  back  with  the  purpose  of  his  journey  unaccompljghed.  He 
therefore  suggested  that,  in  addition  to  the  ordinary  formal  bosnev 
of  the  Meeting,  the  Memoir  of  Messrs.  Topley  and  Labour  <hi  t^ 
Whin  Sill  of  Northumberland  should  be  read,  and  that  the  Meetiag 
should  then  adjourn. 

The  following  communication  was  read : — 

**  On  the  Intrusive  Character  of  the  Whin  Sill  of  Northiisiber- 
land."  By  W.  Topley,  Esq.,  F.G.S.,  AssocInstCE,,  G<M)kgieaI  Sur- 
vey of  England  and  Wales,  and  G.  A.  Lebour,  Esq.,  F.G.S.»  Lecturer 
on  Geological  Surveying  at  the  University-of-Durham  CoJkge  U 
Science,  Newcastle-on-T^e. 


December  20, 1876. 
TtgL  p.  Mabtik  Dttkcak,  M.B.,  F.B.S.,  President,  in  the  Qiair. 

Bartholomew  Parker  Bidder,  Esq.,  Mineral  Engineer,  Waim- 
oeirch,  Neath ;  Robert  William  Cheadle,  Esq.,  25  Leamhigtoii-Boad 
Villas,  W. ;  David  Grieve,  Esq.,  F.R.S.E.,  Edinburgh ;  Play^  Isaac, 
Esq.,  of  Hinton  Abbey,  near  Bath ;  James  Love,  Esq.,  FJtAJB., 
G.E.,  Talbot  Lodge,  Bickerton  Boad,  Upper  HoUoway,  N. ;  Keny 
NicboUs,  Esq.,  38  Bedford  Place,  BusseU  Square,  W.C. ;  Wilham 
Bidley,  Esq.,  C.E.,  Natal  Grovemment  Bailways,  Natal,  8.  Ainea ; 
William  Joseph  Spratling,  Esq.,  F.C.S.,  5  Wickham  Place,  8.E. ; 
and  George  Blake  Walker,  Esq.,  Silkstone  Coal  Company,  Wortkj, 
near  Sheffield,  were  elected  Fdlows  of  the  Society. 

The  List  of  Donations  to  the  Library  was  read. 

The  President  read  to  the  Meeting  a  copy  of  resohitioiis  passed  at 
the  Meeting  of  the  Council  of  the  Boyvl  Society  held  on  Deoember  7tk, 
relating  to  the  administration  of  tiie  Government  Fund  of  £iO00, 
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▼oted  for  the  adrancement  of  Scieatific  Research.  He  stated  that 
the  Secretariea  of  the  Koyal  Society  were  prepared  to  receive  appli- 
cations for  a  portioQ  of  the  sum  so  liberally  voted  by  Government 
for  the  advancement  of  science,  and  added  that  the  Council  of  the 
Qeological  Society  would  be  glad  to  receive  any  hints  or  suggestions 
bearing  upon  the  disposal  of  this  fund. 

The  President  also  announced  that  the  late  Dr.  Barlow,  whose  loss 
miiBt  be  deplored  by  dl  the  Fellows  of  the  Society,  had  left  to  the 
Society  by  will  the  sum  of  £500,  to  be  invested  and  to  constitute  a 
Fand  uuder  the  title  of  the  "  Jameson-Barlow  Fund,"  the  proceeds 
to  be  applied  annually,  or  at  intervals  of  two  or  more  years,  at  the 
discretion  of  the  Council,  in  such  manner  as  shall  seem  to  them  best 
for  the  advancement  of  the  study  of  Geology.  Dr.  Barlow  also  left 
to  the  Society,  under  certain  restrictions,  his  Collections  of  geological 
specimens,  and  a  selection  of  books  from  his  Library. 

The  President  further  announced  the  donation  to  the  Society  by 
the  Earl  of  Enniskillen  of  the  drawings  made  by  Mr.  Dinkel,  from 
Sir  Philip  de  Malpas  Grey  Egerton's  collection,  for  the  illustration  of 
Prof.  Agassiz's  great  work  on  Fossil  Fishes,  presented  in  accordance 
with  the  promise  made  by  his  Lordship  at  the  Meeting  of  the  24th 
May. 

The  following  communications  were  read : — 

1.  <<  On  Phareiro9p(mgia  Strahani,  a  fossil  Holorhaphidote  Sponge 
from  the  Cambridge  Coprolite  Bed."  By  W.  J.  SoUas,  Esq.,  B.A., 
F.G.S. 

2.  '*  On  the  Remains  of  a  large  Crustacean,  probably  indicative  of 
a  new  species  of  Eurypterus,  or  allied  genus  {Euryptertu?  Stevenson%\ 
from  the  Lower  Carboniferous  series  (Cement-stone  group)  of  Ber- 
wickshire." By  Robert  Etheridge,  jun.,  Esq.,  F.G.S.,  PalsDontologist 
to  the  Geological  Survey  of  Scotland. 

3.  "On  the  Silurian  Grits  near  Corwen,  North  Wales."  By 
Prof.  T.  McKenny  Hughes,  M.A.,  F.G.S. 

4.  "  On  Mineral  Veins."  By  W.  Morgan,  Esq.  Communicated 
by  Warington  W.  Smyth,  Esq.,  F.R.S.,  F.G.S. 

The  following  specimens  were  exhibited : — 

The  base  of  the  skull  and  upper  jaw  of  Ooniopholis^  trom  the 
Hastings  Beds  of  the  Wealden ;  exhibited  by  H.  Willett,  Esq.,  F.G.S. 

Graptolites  fiN)m  the  Corwen  Grits  ;  exhibited  by  J.  Hopkinson, 
Esq.,  F.G.S. 

Rock-specimens  and  fossils  from  Corwen ;  exhibited  by  Prof,  T^ 
McKenny  Hughes,  M.A.,  F.GJ3.,  in  iUustratioD  of  his  paper. 
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Fragments  di  EwrypUruM ;  exhibited  by  E.  Etheridge,  jun^  Esq., 
F.O^  in  illnstrfttioa  ol  his  paper. 

A  Special  CJeneral  Meeting  was  held,  at  which  J.  V.  Hufte,  Esq.,^ 
FJLS.,  was  dected  Secretaiy  in  the  room  of  the  late  David  Forbes, 
Esq.,  F.££. 


Jannarj  10,  1877. 

Prof.  P.  Marxct  DmrcAir,  M.B.,  F.ILS.,  President,  m  I3ie  Chair. 

Frederick  Tendron,  Esq.,  11  Kidbrook  Teirace,  BladkheflHi,  BJL^ 
and  David  Thomas,  Esq.,  Glanjrafon  Honse,  Bhjmnej,  wwe  elected 
Fellows,  and  Dr.  J.  F.  Brandt,  of  St  Petersbnrg,  Dr.  C.  W.  Gnmbdi, 
of  Mnn]<^,  and  Prof.  Eduard  Sness,  of  Vienna,  Foreign  Members  of 
the  Society* 

The  list  of  Donations  to  the  library  was  read. 

The  following  oommnnications  were  read : — 

1.  ''  On  gigantic  Land-Tortoises  and  a  small  Freshwat^  Speeies 
from  the  Ossiferous  Caverns  of  Malta,  together  with  a  list  of  the  foasfl 
Fanna,  and  a  note  on  Chelonian  Remains  from  the  Eock-cavities  of 
Gibraltar.''  By  A.  Leith  Adams,  Esq.,  M.B.,  F.R.S.,  F.G.8.,  Pro- 
fessor of  Zoology  in  the  Eoyal  OoU^e  of  Science,  Dublin. 

2.  *•  On  the  Corallian  Rocks  of  En^nd."  By  the  Rev.  J.  F, 
Blake,  M^.,  F.G.S.,  and  W.  H.  Sudleston,  Esq.,  M.A.,  F.GA 

The  following  specimens  were  exhibited : — 

Fossils  from  the  Corallian  rocks ;  exhibited  by  the  Rer.  J.  F. 
Blake  and  W.  H..  Hudleston,  Esq.,  in  illustration  of  their  paper. 

Chelonian  remains  from  Malta  and  Gibraltar ;  exhibited  by  Dr. 
A.  Leitii  Adams  and  Admiral  Spratt,  in  illustration  of  the  former's 
paper. 

Specimens  of  Silver-ores ;  exhibited  by  Prof.  Tennant. 

A  Special  General  Meeting  was  held,  at  which  R.  Etiieridge,  Esq., 
F.R.S.,  was  elected  a  Yice-President  in  the  room  of  J.  W.  Hulke, 
Esq.,  FJI.S.,  elected  to  the  office  of  Seoietaiy« 
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January  24, 1877. 

Prot  P^  Mabhh  DuvcAHy  M3.>  F.B.8.,  President,  in  the  Chair. 

Geoige  Barrowy  Esq.,  of  KM.  Geological  Survey  of  England  and 
WaleSy  28  Jermyn  Street,  S.W. ;  William  fieerlein  lindley,  Esq.^ 
Civil  Engineer,  Frankfort-on-tho-Maine ;  and  Joseph  Samuel  Martin, 
Esq.,  one  of  HJ£.  Inspectors  of  Mines,  Park  Villaa,  Prestwich, 
Manchester,  were  elected  Fellows  of  the  Society. 

The  list  of  Dcmationa  to  the  lihrary  was  read., 

The  following  eommunicatbna  were  read : — 

1.  ^  Note  on  the  Question  of  the  Glacial  or  Yolofloiio  Origin  of 
the  Talohir  Boulder-hed  of  India  and  the  Karoo  Boulder-bed  of 
South  AfHca.''    By  H.  P.  Blanfbrd,  Esq.,  F.G.S, 

[Abstraoi.] 

Hie  author,  referring  to  a  doubt  expressed  by  Prof.  Duncan  in 
the  ^scussion  following  the  reading  of  a  paper  on  Australian  Ter« 
tiary  Corals  ♦,  as  to  the  formation  of  the  Talchfr  Boulder-bed  during 
any  Premiocene  Glacial  epoch,  indicated  that  the  hypothesis  of  its 
formation  by  the  action  of  local  glaciers  under  present  dimatal  con- 
ditions would  require  the  elevation  of  the  whole  region  to  the  extent 
of  14,000  or  15,000  feet,  and  the  assumption  that  the  denudation  of 
this  great  mountain-mass  was  so  moderate  that  large  tracts  of  the 
ancient  surface  are  still  preserved  at  levels  now  only  a  few  hundred 
feet  above  the  sea.  This  the  author  regarded  as  very  improbable. 
He  assumed  that  Prof.  I>uncan,  rejecting  the  evidence  adduced  by 
various  writers  in  favour  of  the  origin  of  the  Talchir  and  Karoo 
Boulder-beds  during  a  so-called  Glacial  epoch,  was  inclined  to  fall 
back  upon  the  notion  of  their  being  of  volcanic  origin,  and  quoted  a 
letter  from  Mr.  Xing,  who  had  described  the  TcJchir  rocks  of 
Kdmdram  as  trappean,  in  which  that  gentleman  stated  that  the 
rocks  so  interpreted  by  him  prove  to  be  dark  green  and  brownish 
mudstone.  He  cited  further  evidence  of  like  nature  from  Mr.  St. 
George,  and  suggested  that  the  ascription  of  a  volcanic  origin  to  the 
boulder-beds  of  Africa  and  India  was  probably  in  all  cases  due  to 
similar  misinterpretations. 

Discussion. 

Prof.  DuKCAir,  having  quitted  the  chair,  stated  tiiat  in  the  remarks 
he  had  made  he  had  no  wish  to  dogmatize,  aa  the  author  seemed  to 
think — and,  further,  that  those  remarks  were  not  made  by  him  as 
President,  but  as  a  simple  Fellow  of  the  Society,  in  the  discussion 
on  a  paper  written  before  he  had  the  honour  of  filling  the  office  of 

*  Qoarl.  JToom.  G«ol.  Soa  rd^xxxii  (1878) p. 351. 
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Preddent      In  oonnexion  with  the  assomed  imfnobabiHtT  oC  a 
change  of  level  to  the  extent  of  14,000  or  15,000  feet,  roqizM, 
aooording  to  the  author,  by  the  hypothesis  that  the  beds  rdemd  to 
were  f  onned  by  local  glaciers,  he  noticed  that  there  was  in  ^  im- 
mediate neighbourhood  of  some  of  these  deposits  a   fault  wift  i 
downthrow  of  12,000  feet ;  so  that  such  changes  were  at  all  efestt 
not  impossible.     He  remarked  that  as  Professor  at  Cooper's  H31  te 
had  prepared  an  abstract  of  all  that  had  been  written  on  the  gedogj 
of  India,  and  in  so  doing  had  made  a  selection  of  the  different  vim 
tiiat  had  been  expressed  by  Indian  geological  surreyors  as  to  ^ 
nature  of  the  beds  in  question,  but  found  ti^eir  opinions  so  strikingij 
divergent  that  he  was  forced  to  go  back  to  the  facts.     He  described 
the  range  of  the  great  Talchir  formation  from  the  Sone  river  in  the 
north  to  Hyderabad  in  the  south-east  and  the  Nerbadda  in  t^ 
north,  and  stated  that  throughout  the  whole  region   the  plant- 
bearing  series  is  underlain  by  crystalline  rocks,  exo^£  in  one  in* 
stance  by  Yindhyan  rocks.     The  coal-bearing  series  is  foond  in 
basins  or  broken  segments  between  great  faults,  the  whole  country, 
in  fact,  being  much  broken.    The  succession  of  the  beds  he  described 
as  fdlows : — At  the  top  the  Panchet  beds,  then  the  Barakar,  and  at 
tiie  bottom  the  Talchir  deposits  about  500-800  feet  tiiick,  havii^ 
as  their  lowest  member  a  bed  consisting  of  boulders  united  by  a 
sandy  sQt.    Towards  the  Xerbudda  it  was  possible  to  tnce  within 
a  fr w  miles  the  source  from  which  the  blocks  had  been  dmved. 
The  boulder-bed  presented  a  dose  resemblance  to  an  old  shore- 
deposit  ;  but  to  this  mi^t  be  objected  the  large  sixe  and  angularity 
of  the  blocks,  many  of  which  must  have  travelled  far,  and  some  of 
which  are  scratched.    The  underlying  rocks  are  sometimes  groored. 
The  deposit  occurs  over  an  immense  area ;  and  its  formation  mast 
have  occupied  much  time ;  and  some  forces  must  have  been  at  work 
to  bring  the  blocks  down  and  scratch  them.     Some  Indian  surveyors 
have  rdlored  their  presence  to  the  action  of  shore-ice.     He  main- 
tained that  scratching  and  angularity  do  not  necessarily  imply  ice- 
acdoQ.     With  regard  to  the  grooving  of  the  und^lying  rode,  ho 
remarked  that  on  rocky  coasts  instances  are  not  uneonmum  of  the 
production  of  grooves  at  ri^t  angles  to  the  shore  by  tidal  action 
and  moving  stones.     In  his  opinion  the  deposits  had  been  Imned, 
as  long  ago  suggested  by  Mr.  Ball,  by  a  combination  of  marine  and 
land  denudation ;  and  he  had  certainly  never  suggested  that  Ihej 
could  be  of  volcanic  origin.    The  so-called  Karoo  boulder-beds  he 
thought  are  either  brecdated  traps  or  metamorphosed  rooks  into 
which  the  fi^spathic  dement  lai^y  enters. 

Prof.  RimiT  said  that  a  confiision  between  volcanic  breccias  and 
idadal  con^omoateswas  nothing  new,  and  instanced  the  brecdated 
rocks  of  the  Malvems,  described  by  Prof.  Phillips  as  trap-breodas  of 
Tokanic  origin,  but  whidi  had  subsequently  been  made  out  to  be 
P«mian  B(Hilder-days  with  scratched  stones,  not  distinguishable 
fVom  those  of  more  modem  undoubted  Boulder^daya.  He  thought 
th»  African  and  Indian  beds  referred  to  were  akin  to  those  described 
by  him  in  Bogland.    With  regard  to  the  theory  that  the  position  of 
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the  poles  of  the  earth  had  been  oonatant  in  all  geological  time,  he 
thought  that  this  was  no  longer  held  by  some  astronomers  quite  so 
firmly  as  formerly;  as  geology  has  become  stronger,  the  astronomers 
have  been  increasingly  shaken,  and  have  begun  to  yield  to  pressure. 
There  was  no  reason  why  what  we  now  call  India  and  Africa  may 
not  have  been  moderately  high  land  covered  with  ice  and  glaciers, 
haying  roehea  nunUonrUes,  moraines,  and  scratched  stones.  The 
matter  rested  on  the  testimony  of  well-qualified  witnesses  who  have 
recognized  such  traces  of  ice-action. 

Mr.  Dbsw  thought  that  the  size  of  the  blocks  imbedded  in  the 
Talchir  Boulder-bed  might  be  accounted  for  in  ordinary  ways,  as 
mountainous  countries  are  drained  by  torrents  capable  of  bringing 
down  large  angular  and  subangular  blocks,  which  may  then  be 
moyed  and  rearranged  by  the  sea  upon  its  shores.  The  presence  of 
scratches  would  be  of  more  value  to  prove  glacial  action. 

Mr.  EvAirs  remarked  that  the  evidence  of  greater  heat  in  polar 
regions  was  of  more  weight  than  that  of  the  former  prevalence  of 
cold  in  what  are  now  hot  climates. 

General  Stbaohst  stated  that  after  a  recent  conversation  with 
Mr.  MedHoott,  he  had  been  left  with  the  impression  that  this 
gentleman  considered  that  the  supposed  evidences  of  glacial  condi- 
tions in  Central  India  were  not  substantiated.  He  insisted  upon 
the  necessity  of  great  caution  in  dealing  with  such  questions  as  the 
present,  and  did  not  think  that  a  hypoUiesis  of  the  change  of  posi- 
tion of  the  poles  of  the  earth  could  be  fairly  bused  on  such  evidence 
as  the  occurrence  of  scratches  on  Indian  boulders.  He  presumed 
that  living  organisms  made  their  appearance  upon  the  face  of  the 
earth  as  soon  as  the  conditions  of  their  existence  were  realized,  and 
suggested  that  the  characteristics  of  the  early  manifestations  of  life 
would  probably  exhibit  marks  of  the  higher  temperature  which 
might  be  supposed  to  have  existed  at  the  time  of  their  occurrence. 

Mr.  Hicks  remarked  that,  with  regard  to  the  Permian  breccias  of 
the  west  of  England,  the  only  certainty  seemed  to  be  that  they  had 
been  at  one  time  the  shore-accumulations  of  a  gradually  subsiding 
area.  If  they  were  primarily  produced  by  ice-action,  it  b  clear 
from  the  contained  rocks  that  it  was  from  local  ice  only.  These 
breccias  really  mark  the  commencement  of  new  physical  conditions 
arising  from  the  great  upheavals  and  changes  which  took  place  at 
the  close  of  the  Carboniferous  epoch,  and  which  may  be  said  to  have 
terminated  the  PalsBozoic  age  in  Britain. 

Prof.  JuDD  said  that  in  India,  Brazil,  and  Africa  it  was  supposed 
that  there  were  undoubted  evidences  of  glaciation ;  but  he  thought 
that  the  greatest  caution  was  necessary  in  treating  such  questions, 
and  certainly  that  before  the  astronomers  were  called  upon  to  recant 
their  belief  in  the  immutability  of  the  poles,  we  ought  ftiUy  to 
establish  the  glacial  origin  of  the  large  transported  blocks.  He 
remarked  that  undoubted  volcanic  breccias  contain  blocks  of  immense 
size. 

Prof.  AoASsiz  said  that  his  father,  who  certainly  was  tolerably 
familiar  with  ice  and  its  actions,  was  convinced  that  he  could 
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leeogBiie  a  laige  BKmdne  across  the  old  moaUi  of  &e 
Fro^  Haitt  had  shioe  tried  to  ezpkm  the  formatioti  of  Una  hy 
feaaa ;  but  it  most  be  ranembered  that  that  g«itl«DaB  h^ 


2.   ''Oil  British  Cretaceoiis  Patdloid  Gaston^ioda.'      Bf  ^db 
Stnlde  Gardntf,  Esq^  ¥.Q3. 


3L  '^  Obaerratioiis  on  Remains  of  the  Mammoth  aad  odier  ] 
from  Xoithem  Spain.''     By  A.  Leith  Adams,  Eaq^  JLBl,  F3S, 
F.GjSL 

Speameos  of  British  CretaceoiiB  Patelloid  fossils  were  exhiUtoi 
hy  J.  Siaikie  Gaidser,  Esq.,  F.G^.,  in  illostratltm  ei  kia  papo. 


Fehroaiy  7, 1877. 

Prat  P.  Xabedt  Bnrcjjr,  ILB^  F JLS.,  President,  in  the  Chair. 

James  Dorham,  Esq.,  Wingate  Plaoe,  Newport,  Fife;  Hczbert 
W31iam  Harrison,  Esq.,  Forester  Cottage,  Derby ;  William  Hntch- 
iMOB, Esq., 20 T^nple Street, Wolverhampton;  H.M.inanseen,£K}^ 
2  Oiepstow  Eosd,  Croydon ;  Graeme  (^[ilyie,  Esq.,  B.A.,  Szeveil 
Honae,  Lsbton,  Snffdlk ;  Joseph  William  Spencer,  Esq^  B^pfd.S&, 
lOaing  Engineer,  Montreal,  Canada,  and  Griffin  W.  Vjae,  Esq., 
BJL,  Assoc.  Inst.  C.E.,  Execntiye  Engioeer,  Pablic- Works  Depszt- 
ment,  Gorenmient  of  India,  Molt&n,  Ponjab,  were  elected  FdJowi 
of  the  Society. 

Ilie  list  of  Donations  to  the  Library  was  read. 

The  Presideiit  annoonoed  that  the  officers  of  a  newly  establiabed 
Scientific  Onb  in  Vienna  had  written,  offering  the  use  of  the  Clab 
to  any  Fellows  of  the  Society  who  may  visit  that  city. 

The  following  commonications  were  read : — 

1.  ^On  the  Chemical  and  Mlneralogical  Changes  which  ha^ 
taken  place  in  certain  Emptive  Bocks  of  North  Wales."  By  John 
Arthur  Phillips,  Esq.,  F.G.8. 

2.  ^'  On  new  Species  of  Belemmies  and  SdUnia  from  the  Middle 
Tertiaries  of  South  Australia."  By  Ralph  Tate,  Esq.,  F.G.S.,  Pro- 
fsssor  of  Natural  Science  in  the  University  of  Adelaide. 

3.  ^On  Mauisaurus  Oardneri  (Sedey),  an  Elasmosanrian  firom 
the  base  of  the  Gault  at  Folkestone."  By  Harry  Govier  Seeley,  Esq, 
FJJS.,  F.G.S.,  ^^rofessor  of  Geography  at  King's  CoU^e,  London. 
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The  blowing  e^^edmeBs  w«rD  exhibited  :^^ 

Yerielme  and  other  bone*  <^  Maui$awHS  Oardneri ;  exhibited  by 
jr.  S.  Gaidner,  Esq.,  F.GJ&.,  m  illoBtratioii  of  Prut  Seelej's  paper. 

Books  and  Book  sections;  exhibited  by  J.  A«  Phillips,  Esq.,  F.G.S., 
in  iUnstratioQ  of  his  papec 

Belemnite  and  SaiUnia  from  Tertiary  deposits  in  South  Australia ; 
exhibited  by  the  Bev.  J.  F.  Blake,  M.A.,  F.G.S.,  on  behalf  of  Balph 
Tate^Esq^ 

Shell  conglomerate  from  St  Angostina,  Florida ;  exhibited  by 
Dr.  J.  A.  Warren. 

Specimens  of  Califomian  Gold;  exhibited  by  Prof.  lennant, 
F.GA 


ANNUAL    GENERAL   MEETING, 

February  16,  1877. 

Prof.  P.  Mabtik  DrwcAW,  M.B.,  F.B.8,,  Pi^dent,  in  the  Chair. 

Befobt  of  the  ComroiL  fob  1876. 

In  presenting  their  Beport  for  the  year  1876,  the  Council  of  the 
Greological  Society  have  the  pleasure  of  congratulating  the  Fellows 
on  the  continued  and  increasing  prosperity  of  the  Society. 

The  number  of  new  Fellows  elected  during  the  year  is  72,  of 
whom  62  paid  their  fees  bQ;fore  the  end  of  the  year,  making,  with 
16  previously  elected  Fellows  who  paid  their  fees  in  1876,  and 
1  Fellow  who  had  resigned,  but  was  restored  to  the  list,  a  gross 
increase  of  78  Fellows.  Against  this  we  have  to  set  the  loss  by 
death  of  37  Fellows  and  by  resignation  of  5  Fellows,  whilst  6  Fellows 
were  removed  from  the  list  for  non-payment  of  contributions,  making 
a  total  loss  of  48  Fellows.  The  actual  increase  on  the  year  is  there- 
fore of  30  Fellows.  The  number  of  Contributing  Fellows  is  in- 
creased by  36,  being  now  698. 

During  the  year  1876  the  Society  sustained  the  loss  of  four  of  its 
Foreign  Members  and  of  one  Foreign  Correspondent.  There  was 
also  at  the  commencement  of  the  year  one  vacancy  in  the  list  of 
Foreign  Correspondents.  One  Foreign  Member  and  two  Foreign 
Correspondents  were  elected  in  1876 ;  so  that  at  the  close  of  the 
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year  there  woe  Tacancies  for  three  Foreign  Ifemben  and  ok 
Foreigii  Correspondent. 

Tlie  total  numbor  of  Fellowa  and  Foreign  Ifembeca  and  Gao»- 
^londents  waa  1350  at  tiie  raid  of  the  year  1875,  and  1377  it  tk 
end  of  the  year  1876. 

The  Gonneil  have  mnoh  pleaaiire  in  r^M^ting  tliat  the  Soeietj  a 
finandaUy  in  a  moat  satL^actoiy  position.  The  total  leecipte  il 
the  year  1876  woe  £2799  4g.  Sd.,  and  the  total  £^>ai£taR 
X2681  18t.  lOcL,  showing  an  ezoess  of  Income  oyer  Expeiiditaro  d 
JC117  5f.  lOrf. 

^nie  Gooncil  hare  to  announce  the  completion  of  YoL  xXXiL  of 
the  Qoartflriy  Journal  and  the  commencement  of  the  paUioatiaB  of 
YoL  TXXTTr  Mr.  OrmOTod's  Sapj^ement  to  hia  Clasaified  Index 
to  the  PoblicationB  of  &e  Society^  was  pnl^ished  in  the  eonne  if 
last  summer. 

Hie  Council  must  refer  with  deep  regret  to  the  loss  which  they, 
in  common  wi&  the  Society  at  large,  have  sustained  in  Uie  death  of 
Mr.  Dayid  Forbes,  FJLS.,  who,  for  neariy  six  years,  so  ably  filled 
the  office  of  Secretary.  It  is  not  often  that  the  Society  haa  to  momii 
tiie  loss  of  one  of  its  active  offioeia ;  and  in  Uie  present  case  this  ktsi 
is  rendered  the  more  giicTous  by  ^e  consideration  of  the  influfintisl 
position  occupied  by  Mr.  Forbes,  and  the  melancholy  drcumstanoea 
associated  with  his  death. 

Mr.  B.  fi.  Woodward,  the  Aasistant  in  the  Museum,  resigned  hm 
situation  last  autumn.  The  Council  have  not  yet  appointed  hia  sue- 
cessor. 

The  8(nr^  whidi  was  giren  in  the  Society's  apartments  in  the 
month  <^  June  last,  was  well  attended,  and,  it  is  hoped,  was  a  sooice 
of  satisfaction  to  the  Fellows  of  the  Society. 

The  late  Dr.  H.  C.  Barlow,  by  a  clause  in  his  ^^11,  a  copy  of  which 
is  appended  to  the  Report,  boqueathed  to  the  Society  the  sum  of  .Rre 
Hundred  Pounds  Consols,  with  directions  that  the  interest  aocndng 
upon  this  sum  shall  be  a^hed  eyery  two  or  three  years,  as  may  be 
approved  by  the  Council,  to  or  for  the  advancement  ai  Geokgicsi 
Science,  and  that  the  Fund  thus  founded  shall  be  called  the  "  Barlow- 
Jameson  Fund."  He  also  bequeathed  to  the  Society  certain  boob 
from  his  library  and  spedmens  from  his  Collecticms. 

Hie  Council  have  further  to  announce  that  tiiey  have  received 
from  Br.  J.  J.  Bigsby,  F  JLS.,  F.6.S.,  a  copy  of  the  Bronae  Medil 
which  that  gentleman  has  had  engraved  in  order  that  it  may  be 
given  biennially  as  an  incentive  to  Geological  study,  and  that  Dr. 
Bigsby  proposes  further  to  present  to  the  Soci^  the  sum  of  X200, 
to  be  invecied,  the  proceeds  to  serve  to  pay  the  cost  of  striking  the 
medal,  and  the  balance  to  go  to  the  recipient  of  the  latter. 

Hie  Council  have  awarded  the  WoUaston  Medal  to  Robert  Kalkt, 
Esq.,  C.E.,  F  JL8.,  F.6.S.,  in  recognition  of  his  long  and  important 
labours  in  investigating  the  phenomena  of  Earthquakes  and  Yolea- 
noes,  and  of  his  able  employment  of  the  exact  sciences  in  reasoning 
upon  geological  changes  within  the  globe. 
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The  Morchison  Medal,  with  the  sum  of  Ten  Guineas,  has  been 
awarded  to  the  Kev.  William  Branwhite  Clarke,  M. A.,  F.K.8.,  F.G.S., 
of  Sydney,  New  South  Wales,  for  his  admirable  labours  in  surveying, 
describing,  and  classifying  the  lower  Sedimentary  Books  of  Australia. 

The  Lyell  Medal,  with  the  sum  of  Twenty  Guineas  from  the  pro- 
ceeds of  the  Fund,  has  been  awarded  to  James  Hector,  M.D.,  F.B.S., 
F.G.S.,  in  recognition  of  his  distinguished  services  to  Stratig^phical 
Geology,  and  with  especial  reference  to  his  labours  in  the  Strati* 
graphy  of  New  Zealand. 

The  first  Bigsby  Medal  is  awarded  to  0.  C.  Marsh,  Esq.,  M.A., 
F.G.S.,  Professor  of  Pakeontology  at  Yale  College,  Newhaven,  Con- 
necticut, in  recognition  of  his  important  labours  on  the  Vertebrate 
Palaeontology  of  the  Western  Territories  of  the  United  States. 

The  balance  of  the  proceeds  of  the  WoUaston  Donation  Fund  has 
been  awarded  to  Bobco-t  Etheridge,  Jun.,  Esq.,  F.G.S.,  of  the  Geo- 
logical Survey  of  Scotland,  as  a  testimony  of  the  worth  of  his  palae- 
ontological  work,  and  to  assist  him  in  his  labours  in  the  examina- 
tion of  the  Fossils  of  the  Scottish  Palseozoic  Bocks. 

The  balance  of  the  proceeds  of  the  Murohison  Geological  Fund  has 
been  awarded  to  the  Bev.  J.  F.  Blake,  M.A.,  F.G.S.,  to  assist  him 
in  his  exoeUent  work  in  the  Mesozoio  Bocks  and  Fossils  of  this 
country. 

And  the  balance  of  the  proceeds  of  the  Lyell  Fund  has  been 
awarded  to  William  Pengelly,  Esq.,  F.B.S.,  F.G.S.,to  assist  him  in 
his  investigations  regarding  the  Antiquity  of  Man,  and  as  a  mark 
of  the  approbation  of  the  Society  for  his  long-continued  labours 
in  the  G^ogy  of  Devonshire. 


Extract  fnm  the  Will  of  the  laU  Dr.  B.  C.  Barlow,  F.0J3.,  dated 
27ih  July,  1867. 

**  I  give  to  the  Geological  Society  of  London  the  sum  of  Five 
Hnndi^  Pounds  Consols  (free  of  legacy  duty),  the  perpetual  interest 
of  which  is  to  be  applied  every  two  or  three  years,  as  may  be  ap- 
proved by  the  CounoU,  to  or  for  the  advancement  of  Geological 
Science,  and  is  to  be  called  the  *  Barlow-Jameson  Fund.'   ♦  ♦  ♦ 

'*  To  the  Geological  Society  of  London  I  bequeath  any  Geological 
Works  in  my  Library  which  the  Council  may  think  worth  appro- 
priating, also  any  specimens  of  Bocks,  &c.,  not  belonging  to  the 

Dante  Series,  also  my  Illustrated  Catalogue  of  the  Fossils  in  the 

School  of  Mines.  ♦  ♦  ♦  ♦ 

<^  The  receipt  of  the  Treasurer  of  the  Society  for  the  time  being 

to  be  a  sufficient  discharge  to  the  Executors  named  in  the  Will,  viz. 

Thomas  Clark,  of  the  Lindens,  Upper  Tooting,  S.W.,  and  Frederic 

Norg^ate,  of  14  Henrietta  Street  (now  of  17  Bedford  Street),  Covent 

J^a^den.'* 
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of  the  principal  points  of  interest  in  Colorado,  Wyoming,  Utah, 
Idaho,  and  Montana ;'  P.  M.  Duncan's  ^  Abstract  of  the  Geology  of 
India,'  2nd  edition ;  C.  Darwin's  '  Geological  Obserrations  on  the 
Volcanic  Islands  and  parts  of  South  America  visited  during  the 
Toyage  of  H.M.S.  *  Beagle,' '  2nd  edition ;  the  Beports  of  the  United 
States  Surrey  of  the  Territories ;  the  Memoirs  of  the  PaL»ontogra- 
phical  aad  £^y  Societies,  &c. 

A  considerable  number  of  Maps  and  Plans  have  been  added  to  the 
Socie^'s  Collection.  Th^ include: — the  Maps  of  the  Geological 
Surveys  of  Sweden  and  Switzerland ;  a  geological  Mt^  of  Portugal, 
by  C.  Bibeiro  and  J.  F.  N.  Deleado ;  a  geological  Map  of  Newfound- 
land, by  A.  Murray ;  a  Map  of  the  Mammoth  Cave  of  Kentucky, 
with  Notes  by  E.  F.  Lee ;  the  second  edition  of  the  Geological  Map 
of  the  World,  by  Jules  Marcou ;  the  Maps  of  the  Ordnance  Survey ; 
and  numerous  Charts  published  by  the  French  D^pot  de  la  Marine. 

The  Society  has  also  received  from  Lord  Enniskillen  the  original 
drawings  made  by  Mr.  DiiiJiel  for  the  late  Prof.  Agasaiz  from  speci- 
mens of  Fossil  Fish  in  the  Collection  of  Sir  Philip  Gr^-Egerton, 
and  from  the  United  States  Survey  of  ^le  Torritories  four  large 
landscape  photographs  of  scenes  in  the  Western  Territories  o£  t£e 
United  States. 

The  following  portraits  bave  been  added  to  the  Society's  Collec- 
tion : — a  photograph  of  Lady  Lyell,  presented  by  Professor  Tennant ; 
and  a  photograph  of  G.  Poulett  Serope,  Esq.,  presented  by  J.  W. 
Judd,  Esq. 

The  books  in  the  Society's  Library  are  in  good  condition ;  and  a 
considerable  number  have  been  bound  during  the  past  year. 

In  the  Museum  the  rearrangement  of  the  specimens  in  the  Foreign 
Collections  was  proceeded  with  by  Mr.  Woodward  up  to  the  time  of 
his  resignation  of  the  office  of  Assistant  in  the  Museum.  This  de- 
partment is  now  in  good  order ;  but  the  British  Collections  will  re- 
quire a  considerable  amount  of  labour  expended  upon  them  to  bring 
them  into  the  same  condition. 

The  Additions  made  to  the  Museum  during  the  year  1876  in- 
clude:— a  specimen  of  Crtusiana  semiplieata,  from  Nant-Franoon, 
Caernarvonshire,  presented  by  the  Bev.  J.  Peter,  F.G.S. ;  Tertiary 
and  Secondary  rocks  and  fossils  from  South  Africa,  «nd  Copper-ores 
from  Namaqualand,  presented  by  Dr.  W.  G.  Atherstone,  F.G.S. ;  a 
collection  of  fossils,  chiefly  Sharks'  teeth,  from  the  Phosphatic  De- 
posits of  South  Carolina,  presented  by  E.  F.  Kittoe,  Esq. ;  Devonian 
fossils  from  the  Witzenberg  Flats,  South  Africa,  presented  by  Prof. 
T.  Bupert  Jones,  F.B.S. ;  model  of  Rsh-teeth  from  the  Carbonife- 
rous Limestone  of  Armagh,  presented  by  the  Earl  of  EnniskiUeu, 
F.B.8. ;  model  of  the  fbrst  gold  nugget  sent  from  AustrJia,  pre- 
sented by  Prof.  Tennant,  F.G.S. ;  and  a  model  of  a  tooth  resembling 
that  of  EycenarctoSy  from  the  Bed  Crag  of  Suffolk,  presented  by 
Edward  Charlesworth,  FiSq.,  F.G.S. 
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W.  J.  Blake,  Esq. 
W.  Coiy,  Eeq. 
D.  Forbes,  Esq. 


Dbcbassd  Fbllowb. 

Oopipo%n4er8  (5). 

F.  Hindmarsh,  Esq. 

Sir  J.  H.  Sfiouraeld,  Bart. 


Rmdmt  and  other  Contributing  Fellows  (13). 


Br.  H.  O.  Barlqw. 

L.  Brooch,  Ifoq. 

J.  Dees,  Esq. 

Sir  G.  D.  Gibb,  Bart. 

J.  GibsoD,  Esq. 

L.  B.  B.  Gordon,  Esq. 

C.  Lambert,  Esq. 


A.  0,  W.  Lennox,  Esq. 
T.  G.  B.  Lloyd,  Esq. 
G.  Ponlett  Sorope,  Esq. 
H.  L.  T.  von  Uster,  Esq. 
T.  H.  G.  Wyndham,  Esq. 
T.  A.  Yarrow,  Esq. 


Non-contributing  Fellows  (19). 


Rev.  J.  H.  Austen. 
H.  Beckett,  Esq. 
W.  B.  Biden,  Esq. 
E.  BiUings,  Esq. 
Hajor-Gen.  B.  Bolton. 
J.  CnnniDgham,  Esq. 
G.  Bawson,  Esq. 
B.  H.  Galland,  Esq. 
W.  H.  Gomonde,  Esq. 
J.  Johnes,  Esq. 


Capt.  P.  Kargesson. 
Admiral  H.  C.  Otter. 
E.  8.  Roper,  Esq. 
Rev.  T.  S.  Tumbnll. 
J.  8.  Upton,  Esq. 
H.  C.  White,  Esq. 
Capt.  J.  Williams. 
Col.  E.  R.  Wood. 
H.  W.  Yeoman,  Eeq. 


Count  V.  Borromeo. 
Prof.  A.  T.  Brongniart 
Profl  C.  G.  Ehrenberg. 


foYfign  Members  ^4). 

Baron  W.  Sartpriug  yopi  Wftlt^ff- 
hausen. 


B^y.  T.  4rwdell. 
J.  %.  jdapron,  Esq,. 
l)r.  A.  A.  Caruana. 


Foreign  Correspondent  (1). 
Herr  H.  Credner. 


FeUows  Resigned  (5). 

Bov.  J.  Cat^r. 
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FeUoufs  Removed  (6). 


Rev.  A.  G.  H.  Harding. 
8.  J.  Mackie,  Esq. 
T.  A.  Masey,  Esq. 


Rev.  T.  Nicholas. 
J.  W.  Orchard,  Esq. 
T.  Richards,  Esq. 


Change  of  Name  and  Title, 
Hon.  H.  H.  Joliflfe  to  Lord  Hylton. 


I%e  following  Personage  was  elected  from  the  List  of  Foreign  Cor- 
respondents  to  fill  the  vacancy  in  the  List  of  Foreign  Memhvt 
during  the  year  1876. 

Prof.  E.  Beyrich  of  Berlin. 


The  following  Personages  were  elected  Foreign  Correspondtnis  durim 
the  year  1876. 

Prof.  Jules  Go88elet,of  lille. 
Prof.  Ludwig  Riitimeyer  of  Basle. 


After  the  Reports  had  been  read,  it  was  resolved 

That  they  be  received  and  entered  on  the  Minutes  of  the  Meeting, 
and  that  such  parts  of  them  as  the  Council  shall  think  fit  be  print^ 
and  distributed  among  the  Fellows. 


It  was  afterwards  resolved : — 

That  the  thanks  of  the  Society  be  given  to  R.  A.  C.  Godwin- 
Austen,  Esq.,  and  Prof.  Ramsay,  retiring  from  the  office  of  Tioe- 
President. 

That  the  thanks  of  the  Society  be  given  to  F.  Drew,  Esq.,  R. 
A.  C.  Godwin-Austen,  Esq.,  Prof.  T.  R.  Jones,  Profl  A.  C,  Ramsay, 
and  W.  Whitaker,  Esq.,  retiring  from  the  Council. 


After  the  Balloting-glasses  had  been  duly  closed,  and  the  Ests 
examined  by  the  Scrutineers,  the  following  gentlemen  were  declared 
to  have  been  duly  elected  as  the  Officers  and  Council  for  the  ensmng 
year: — 
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OPFICEBS. 

PRESIDENT. 
Prof.  P.  Martin  Duncan,  M.B.,  F.R.S. 


FICE-PRESIDENTS, 

Sir  P.  de  M.  Grey-Egerton,  Bart.,  M.P.,  F.B. 

R.  Etheridge,  Esq.,  P.R.8. 

J.  Evans,  Esq.,  P.R.8. 

Prof.  J.  Preetwich,  M.A.,  F.R.8. 


SECRETARIES. 


J.  W.  Hulke,  Esq.,  F.R.S. 
Rev.  T.  Wiltshire,  M.A. 


FOREIGN  SECRETARY. 
Warington  W.  Smyth,  Esq.,  M.A.,  F.R.S. 

TREASURER. 
J.  Gwyn  Jeffreys,  LL.D.,  F.R.S. 


COUNCIL. 


H.  Banerman,  Esq. 
Rev.  T.  G.  Bonney,  M.A. 
W.  Carruthers,  Esq.,  F.R.S. 
Prof.  W.  Boyd  Dawkins,  M.A., 

F.R.8. 
Prof.  P.  Martin  Duncan,  M.B., 

F.R.S. 
Sir  P.  de  M.  Grey-Egerton,  Bart., 

M.P.,  F.R.S. 
R.  Etheridge,  Esq.,  F.R.S. 
John  Evans,  Esq.,  F.R.S. 
Henry  Hicks,  Esq. 
W.  H.  Hudleston,  Esq.,  M.A. 
Prof.  T.  M«Kenny  Hughes,  M.A. 


J.  W.  Hulke,  Esq.,  F.R.S. 

J.  Gwyn  Jeffreys,  LL.D.,  F.R.S. 

Prof.  J.  W.  Judd. 

Prof.  J.  Morris. 

Prof.  J.  Prestwich,  M.A.,  F.R.S 

R.  H.  Scott,  Esq.,  M.A.,  F.R.S 

Eail  of  Selkirk,  F.R.S. 

Samuel  Sharp,  Esq.,  F.S.A. 

Warington  W.  Smyth,  Esq.,  M.A., 

F.R.S. 
Admiral  T.  A.  B.  Spratt,  C.B., 

F.R.S. 
Rev.  T.  Wiltshire,  M.A.,  F.L.S. 
Henry  Woodward,  Esq.,  F.R.S. 


Digitized  by  VjOOQIC 


'do  PB0CEBDIN68  6¥  THE  GX0L66ICiX  SOOVrT. 

MSTOF 

THE  FOREIGN  MEMBERS 

OF  THE  GEOLOGICAL  SOCIETY  OF  LONDON,  ur  1878l 

Dfttoof 
Bleokaon. 

1819.  Count  A.  Breunner^  Vienna, 

1827.  Dr.  H.  von  Dechetr,  JBSrm, 

1829.  Dr.  Ami  Bou6,  Vienna. 

1844.  William  i^urtbn  Rogers,  Esq.,  Boston,  %^.  i^. 

1848.  JBme6Ha]l,Ea^,,AIbanif/SUsUofyewTork. 

1860.  Professor  Bernard  8tuder,^Bcrne. 

1851.  Professor  James  D.  Dana,  New  ifaveny  Coimeciiemt, 

1851.  General  G.  yon  Helmersen,  SL  Fdenhwrg. 

1851.  Professor  Angelo  Sismonda,  TMn, 

1853.  Ooont  Alexander  y(Mi  Kejserling,  Bt^kSUj  ynk  Beo^ 

Busaia, 

1853.  Professor  L.  G.  de  Koninck,  ii^e, 

1854.  M.  Joachim  Barrande,  Prague, 

1856.  Professor  Robert  W.  Bunsen,  For.  Mem.  RS.,  HeUddberg. 

1857.  Professor  H.  R.  Goeppert,  BreeUm, 
1857.  Profesdork.  B'GcinilaK,  Drmfien, 
1857.  Dr.  Hermann  Abich,  Vienna, 
1859.  Professor  A.  Delesse,  Paris, 

1859.  Dr.  Ferdinand  Roemer,  Bredau, 

1860.  Dr.  H.  Milne-Edwatds,  Fik,  "Meih.  R'S:,  iWfe. 
1862.  Professor  Pierre  Merian,  BaaU, 
1864.  M.  Jules  Desnoyers,  Paris, 

1866.  Dr.  Joseph  Leidy,  i%iZaife^9to. 

1867.  Professor  A  Daubr^  Paris, 

1870.  Professor  Oswald  Heer,  Zwrich. 
187L  Dr.  S.  Nilsson,  i«m^. 
187L  Dr.  Henri  Nyst,  ^niaw&. 

1871.  Dr.  Frahz  Ritter  ron  Saiier,  Vienna, 
lB7i4.  Prt)fesfeor  Aljihonse  Fovre,  Geneva, 
1874.  Professor  B.  Gastaldi,  TWVw. 
1874.  Professor  E.  H^rt,  Patis, 

1874.  Pirofessor  Edouaid  Desor,  Neuchdtel, 
1874  Professor  Albert  Gaudiy,  'iVirfe. 

1875.  Professor  Paul  Gervais,  ^ Paris, 
1875.  t^fddsorPridolinSandberger, '^/tftiiry. 
1875.  Professor  TTiebdbr  Kierul^  CArM«k^ 

1875.  ^Professor  F.  August  Qtfenstedt,  Tiibin^m, 

1876.  Professor  E.  Beyrich, -BcrAn. 
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LIST  OF 

THE  FOREIGN  CORRESPONDENTS 

OF  THE  GEOLOGICAL  SOCIETY  OF  LONDON,  in  1876 

Date  of 
Bleotion. 

1863.  Henr^^rgfatiiC.  W.  Gtiittbel,  MunUh. 

1863.  Dr.  G.  F.  Jager,  ^tOtgart, 

1863.  M.  Nikolai  von  Kokscharow,  St,  Petersburg, 

1863.  ^LB.l^T^n,  Stockholm, 

1863.  Count  A.  G.  Slarschall,  )>»«iiiki. 

l8<fe.  Professor  G.  Meneghini,  JV»a. 

1863.  Bigridr  Giuseppe  "Ponzi,  Itome, 

1863.  Signor  Q.  Sella,  Turin, 

1863.  Dr.  F.  Senft, -Eti^wacA. 

1863.  Ph)fe68ot  E.  Suess,  Vienna, 
1663.  Mtoquis  de  Vfbraye,  PtfrAr. 

1864.  M.  J.  'Bosquet,  ^aestricht, 
1864.  th,  J.  Steehstrup,  Copenhagen, 
1864.  l)r/Cliarles*Arti»i8,  »oii<J;?eZfer. 
1866.  Ph>fe8Sdr  J.  P.  Lesley,  J%ito£fe^6i. 
Ki66.  Professor^^ictor  Raulth,  ^ordww^. 

1866.  Baron  Achllle  de  Zigno,  Padua. 

1867.  PrdfessOlr  Bemhard  Cotta,  i^«Jfiry. 
1869.  Professor  J.  F.  Brandt,  St,  Petersburg, 
1869.  PWfefiteor  A.  E.  Nohidnskiold,  Stockhoim, 

1869.  Pwifetort.^kel,  Ze^tt^. 

1870.  Professor  Joseph  «2ab<$,  Pe«<A. 

1870.  Pwfessdr  Otto  torell,  XtinA 

1871.  Professor  G.  Dewalque,  Zi^e, 
l6n.  M.  Hdnri  Coquand,  J*fdr*«/fe«. 

1871.  Pr6fe8so«ir  Giovanni  Capelliiii,  'JBilogna, 

1872.  Hetr  Diohys  Stur,  Vienna, 

1875.  ProfesstJr  J.  D.  Whitney,  Cambridge,  V,  S. 
1874.  Professor  Igino  Cocchi,  Florence, 

1874  M.  GustAve  n.  CotteAu,  ^ur<»rc. 

1874.  PhDfedsor  W.  P.  Schinjper,  fi^<w6Mr^. 

1874.  Professor  G.  Seguenxa,  Messina, 

1874.  Dr.  J.  S.  Newberry,  New  York. 

1874.  Dr.  T.  C.  Winkler,  ITaarfem. 

1876.  Dr.  F.  T.  Hayden,  Washittgton, 

1875.  M.  Jules  Marcou,  SaUns, 

1875.  Professor  Gustav  Tschermak,  Vienna, 

1876.  Professor  Jules  Gossdet,  LiUe, 
1876.  Professor  Ludwig  Riitimeyer,  Basle, 
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AWARDS  OF  THE  WOLLASTON  MEDAL 

UNDER  THE   CONDITIONS   OF  THE    "DONATION    FXTKD* 


B8TABL18HED  BT 


WILLIAM  HYDE  WOLLASTON,  MJ).,  F.RR,  F.O^^  Ac 


^To  promote  researches  concermng  the  mineral  stmctore  of  tiie  eaitk, 
and  to  enable  the  Council  of  the  Geological  Society  to  reward  thow 
individuals  of  any  country  by  whom  such  researches  may  hereafter  bt 
made," — ''such  individual  not  being  a  Member  of  the  CounciL'' 


1881. 
1835. 
1836. 

1837. 

1838. 
1839. 
1840. 
1841. 
1842. 

1843. 

1844. 
1845. 
1846. 
1847. 
1848. 
1849. 
1850. 
1851. 
1852. 

185a 

1854. 
1855. 


Mr.  William  Smith. 
Dr.  Q.  A.  Mantell. 
M.L.  Agassiz. 
iCapt.T.P.  Cautley. 
I  Dr.  H.  Falconer. 
Professor  R.  Owen. 
Professor  C.  G.  Ehrenberg. 
Professor  A  H.  Dumont 
M.  Adolphe  T.  Brongniart 
Baron  L.  von  Buch. 

iM.  Elie  de  Beaumont. 
M.  P.  A.  Dufr^noy. 
The  Rev.  W.  D.  Conybeare. 
Professor  John  Phillips. 
Mr.  William  Lonsdale. 
Dr.  Ami  Bou^. 
The  Rev.  Dr.  W.  Buckland. 
Professor  Joseph  Prestwich. 
Mr.  William  Hopkins. 
The  Rev.  Prof.  A.  Sedgwick. 
Dr.  W.  H.  Utton. 

M.  le  Vicomte  A.  d'Archiac 

M.  E.  de  VemeuiL 
Sir  Richard  Griffith. 
Sir  H.  T.  De  la  Beche. 


1856.  Sir  W.  E.  Logan. 

1857.  M.  Joachim  Barrande. 

1858.  i  ^^"^  ^^™^^i^  ^<^  Mey». 
(Mr.  James HalL 

1859.  Mr.  Charles  Darwin. 

1860.  Mr.  Searles  V.  Wood. 

1861.  Professor  Dr.  H.  G.  Btoaa. 

1862.  Mr.  Robert  A  C.  Godwin- 

Austen. 

1863.  Professor  Gustav  l^schot 

1864.  Sir  R.  I.  Murchis^m. 

1865.  Mr.  Thomas  Davidson. 

1866.  Sir  Charles  LyelL 

1867.  Mr.G.  P.  Scrope. 

1868.  Professor  Carl  F.  Xaomanii. 

1869.  Mr.  H.  C.  Sorby. 

1870.  Professor  G.  P.  Deehaye«. 

1871.  Professor  A.  C.  Ramsay. 

1872.  Professor  J.  D.  Dana. 
187a  Sir  P.  de  M.  Grey  Egertaa. 

1874.  Professor  Oswald  Heer. 

1875.  Professor  L.  G.  de  Koninck. 

1876.  Professor  T.  H.  Huxley. 

1877.  Mr.  Robert  Mallet 
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AWABDS 


OFTHB 


BALANCE  OF  TilE  PROCEEDS  OF  THE  WOLLASTON 
''DONATION-FUND." 


1831.  Mr.  William  Smith. 

1833.  Mr.  William  Lonsdale. 

1834.  M.  Louis  Agassiz. 
1836.  Dr.  G.  A.  MantelL 
1836.  Professor  G.  P.  Deshayes. 

1838.  Professor  Richard  Owen. 

1839.  Professor  C.  G.  Ehrenberg. 

1840.  Mr.  J.  De  Carle  Sowerby. 

1841.  Professor  Edward  Forbes. 

1842.  Professor  John  Morris. 

1843.  Professor  John  Morris. 

1844.  Mr.  William  Lonsdale. 
184-5.  Mr.  Geddes  Bun. 

1846.  Mr.  William  Lonsdale. 

1847.  M  Aldde  d'Orbigny. 

J  Cape-of-Good-Hope  Fossils. 
■^®^-  I M.  Alcide  d'Orbigny. 

1849.  Mr.  William  Lonsdale. 

1850.  Professor  John  Morris. 

1851.  M.  Joachim  Barrande. 

1862.  Professor  John  Morris. 

1863.  Professor  L.  de  Koninck. 

1864.  Mr.  S.  P.  Woodward. 
1866.  Drs.  G.  and  F.  Sandberger. 


1866.  Professor  G.  P.  Deshayes. 

1867.  Mr.  S.  P.  Woodward. 

1868.  Mr.  James  Hall. 
1859.  Mr.  Charles  Peach. 

iftftn  i  ^P^^®ssor  T.  Rupert  Jones. 
1»W.  ]  Mr.  W.K.  Parker. 
186L  Professor  A.  Daubr^e. 

1862.  Professor  Oswald  Heer. 

1863.  Professor  Ferdinand  Senft. 

1864.  Professor  G.  P.  Deshayes. 
1866.  Mr.  J.  W.  Salter. 

1866.  Mr.  Henry  Woodward. 

1867.  Mr.  W.  H.  BaUy. 

1868.  M.  J.  Bosquet, 

1869.  Mr.  W.  Carruthers. 

1870.  M.  Marie  Rouault 

1871.  Mr.  R.  Etheridge. 

1872.  Mr.  James  CroU. 

1873.  Professor  J.  W.  Judd. 

1874.  Dr.  Henri  Nyst. 
1876.  Mr.  L.  C.  Miall. 

1876.  Professor  Giuseppe  Seguenza. 

1877.  Mr.  R.  EtheridlpB,  Jun. 


AWARDS  OF  THE  MURCHISON  MEDAL 

AND  OF  THB 

PROCEEDS  OF  "THE  MURCHISON  GEOLOGICAL  FUND," 

ESTABLISHED  UNDER  THE  WILL  OF  THE  TiATE 

8IB  EODERICK  IMPBY  MUBCHISON,  Bart.,  F.R.8.,  F.G.S., 

'•  To  be  applied  in  every  consecutiTe  year  in  such  manner  as  the  Council 
of  the  Society  may  deem  most  useful  in  advancing  geological  science, 
whether  by  granting  sums  of  money  to  travellers  in  pursuit  of  know- 
ledge,  to  authors  of  memoirs,  or  to  persons  actually  employed  in  any 
inquiries  bearing  upon  the  science  of  geology,  or  in  rewarding  any 
such  travellers,  authors,  or  other  persons/*  and  the  Medal  to  be  given 
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''  to  some  person  to  whom  such  Coimcil  shall  grant  any  mm  of  mooej 
or  recompense  in  respect  of  geokgieal  science.'* 

1873.    Mr.  WUlim  BtiTies.    MedaL 

1873.  Professor  Oswald  Heer. 

1874.  Dr.  J.  J.  Bigsby.    JWW 

1874.  M?.  Alfred  BelL 
1874  Mr.  Kalph  Tate. 

1875,  Mr,  W.  JF.  Hepwood.    AMO^ 

1876.  lyfr.  H.  €^.  Seeley. 

WQ.  Mr.A.RC.Selwyn.    MeM. 

1076,  Mr.  Jamea  CroU. 

1877,  ReT.  W.  B.  Clarke,    itf<<2^ 
1877.  Rer,  J.  F.  BUke. 


AWARDS  Of  THE  LYELL  MEDAL 

UTB  OF  THB 

PROCEEDS  OF  THE  "LYELL  GEOLOGICAL  rL^CD," 

E8TABLI8HKD  UNDIR   THE   WILL  AND    CODIOIL    O?   THV    fJlTC 
SIB  0HABLB8  LYRLL,  Bast.,  F.B.8.,  F.G.a 

The  Medal  "to  be  j^ven  annually"  (or from  time  to  ti?Qe)  «a^  a  mark  of 
honorary  diatinoUon  as  •n  expression  on  the  part  of  the  gpyenung 
body  of  the  Society  that  the  Medallist  has  de6erTe4  well  of  the 
Science/'—^"  qpt  leas  than  pne  third  of  the  annual  intere«t  [of  ^ 
frmd]  to  acoonipiMiy  the  Medal,  the  remaiping  interest  to  bo  gwen  In 
one  or  more  portions  at  the  discretion  of  the  Copncil  for  tbfi  odcdm? 
ragement  of  Geology  or  of  any  of  the  allied  ppienoea  by  whicti  t)ugr 
shall  consider  Geology  to  have  been  mo^  m«l^1ally  igvanced." 

1876.  Professor  John  Morris.    Medal. 

1877.  Dr.  James  Hector.    Medal, 
1877.    Mr.W.P^^g^y. 


AWABP  OF  THB  BlGgBY  MEDAJa 

Db.  J,  J.  BJGWpy,  ?,RJ9.,  FjGJS. 

To  be  Aw^ed  Mmmflj  "as  a^  aclpiowledgn^ent  of  en^jnent  aepicM 
in  any  d^jmrtment  of  0eology,  iirespective  of  the  receiver's  co|tntiy ; 
hot  he  mvfit  not  be  older  ^m  4^  years  »t  his  }a8t  bi^day,  thw 
probably  not  too  old  for  fpr^ejr  worjc,  and  not  too  young  to  hare  done 
much**' 

1877.    Professor  O.  0.  Marsh. 
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vnriiroiAL  report*  27 

/Ae  Year  1877. 

EXPBNDITURB  ESTIMATED. 

£  9.  d.       £    9.    d, 
CSeneral  Expenditure : 

Taxes  and  Intnranoe 2118  4 

Furniture    25  0  0 

House-repain 20  0  0 

Fuel     65  0  0 

Ught 30  0  0 

Miicellaneona  Honse-expenses     130  0  0 

Stationery 30  0  0 

MiaceUaneons  Printing 100  0  0. 

Tea  for  Meetings 20  0  0 

431  IS     4 

Salaries  and  Wages : 

Assistant  Secretary 300    0    0 

Clerk 120    0    0 

Assistant  in  Library 80    0    0 

Assistant  in  Museum    100    0    0 

House  Steward * 105    0    0 

Housemaid     40    0    0 

Occasional  Attendants 10    0    0 

Accountant    .., 7    7    0 

762    7    0 

Ubrary 130    0    0 

Museum    10    0    0 

Soir^    40    0    0 

Miscellaneous  Expenditure 100    0    0 

Diagrams  at  Meetings  10    0    0 

Publications:  Quarterly  Journal      1000    0    0 

„  Abstracts    105     0    0 

„  Geological  Map 41    0    0 

„  Ormerod's  Index   4    0    0 

1150     0     0 

Balance  in  favour  of  the  Society  16  15     7 


£2651    0  11 
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Income  and  ExpenAiwre  dmnm§  ike 
RECEIPTS. 

Balance  at  Banker's  January  1,  1876  ....   156  12     1 

Balance  in  Clerk's  hands  January  1,  1876 . .     15  18     3 

172  10    4 

Compositions     399    0    0 

Arrears  of  Admission-fees 94  10     0 

Admission-fees,  1876    390  12    0 

485     2    0 

Arrears  of  Annual  Contributions 159     1     6 

Annual  C(mtributions  for  1876,  viz,  i — 

Resideiit  Felk>wt      £1194  18    0 

Non-ReudentFeUowt...       39    7    6 

1234     5     6 

Annual  Contributions  in  advance 31  10  0 

Journal-Subscriptions  in  adrance 1  6  0 

Journal-Composition     6  0  0 

Dividends  on  Consols    , 186  17  1 

Sale  of  Old  Cabinets 10  10  0 

Taylor  &  Francis :  Adyertisements  in  Joum.,  Vols. 29-31  24  6  6 

Publications : 

SaleofJoiuniil,  Vote.  1-31     118    0    6 

Vol.32*     80    8  n 

Sale  of  GeologicalliiUp    59  16    2 

Sale  of  Ormerod's  Index 2    0    6 

Sale  of  Hochstetter's  New  Zealand    0    8    0 

Sale  of  Library  Catalogues 0  12    0 

261     6     1 


We  haye  compared  the  Books  and 
Accounts  presented  to  us  with  this 
statement,  and  we  find  them  to  agree. 


(Signed)           JAMES  TEIWANT,  1   ..^^          X9071   15  „ 

H.  BAUERMAN,      /  ^«^^-         ^^^^  ^^  ^ 

Jan.  80, 1877. 

^  Doe  from  Mesirt.  Longman,  in  addition  to  the  above,  on  Journal*       Jt     «.  dL 

VoL32,ftc    ftO  15  2 

Due  from  Stanford  on  account  of  Geologieal  Map 8  19  i 

iE59  14  8 
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Year  ending  December  3U/,  1876. 

BXPENDITURB. 

General  Expenditure :  £   ft.  d.         £    •.    d. 

Taxes   9  18    4 

Rre-intaranoe 12    0    0 

Purnitiire    ! .  40    6    4 

Hoose-repain    35  17    6 

Fuel    52  18    6 

Light 26  15  8 

Miscellaneous  House-expenses 130    4    4 

Stationery 27  12  8 

Miscellaneoas  Printing 122    7  8 

Tea  at  Meetings    19  10  0 

477   11     0 

Salaries  and  Wages : 

Assistant  Secretary  300    0    0 

acrk 120    0    0 

Library  Assistant 80    0    0 

Mnseam  Assistant 75    0    0 

Honse  Steivard 105    0    0 

Honsemaid    40    0    0 

Occasional  Attendants 7  10    0 

Accountant    7    7    0 

784  17     0 

Musenm 9     0    4 

ybrary 144  11     8 

Soiree     38  19     4 

Miscellaneoas  Expenses    112  11     3 

Diagrams  at  Meetings    10  10    6 

Publications : 

Geological  Map 82    5  10 

Ormerod's  Index    34  15    0 

Journal,  Vols.  1-31   22  11    8 

„         Vol.32    912  19    7 

Abstracts    101    5    8 

1153  17     9 

Balance  at  Banker's,  Dec.  31,  1876 274     1     8 

Balance  in  Clerk's  hands,  Dec.  31,1876  ..      15  14     6 

289  16     2 


£2971  15     0 
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AlOIITEBSABT  MBBTDre. — WOLLASTOK  KBDAL.  31 

AWASD  OF  THS  W0LLA8IOK  MSDAL. 

The  Beports  of  the  Council  and  of  the  Library  and  MnBenm  Com- 
mittee having  been  read,  the  President,  Prof.  P.  Martha  Ddwcan, 
M3.,  F.R.S.,  presented  the  WoUaston  Gold  Medal  to  Mr.  Robbbx 
Mallbi,  a£.,  E.E.S.,  F.G.S.,  addressing  him  as  follows  :— 

Mr,  Mallst, — 

The  Council  of  the  Sodety  has  awarded  you  its  principal  Medal^ 
which,  originating  with  the  illostrions  Wollaston,  has  year  by  year 
received  an  increasing  valne  by  its  reception  by  the  most  distin* 
gniahed  GeologiBts  in  the  world.  This  now  famous  prize  is  pre- 
sented to  yon  in  reoogniMon  of  l^e  results  of  at  least  forty  years  of 
sedulous  labour  in  some  of  the  most  important  and  difficult  problems 
in  G^eology.  Early  in  your  career  you  commenced  those  studies 
relating  to  Earthquakes  and  Yolcanoes  which  have  occupied  your 
time  and  taxed  your  energies  down  to  the  present  date.  Prom  the 
first  you  took  the  correct  logical  method  of  investigation  of  phe- 
nomena which  were  hardly  disconnected  f^om  the  supernatural; 
you  collected  the  fSftCts  and  indicated  the  manner  in  which  you  would 
employ  them  by  your  communications  '*  On  the  Relation  of  Molecular 
Forces  to  Geology/'  and  ''  On  the  Dynamics  of  Earthquakes,  or  an 
attempt  to  reduce  their  observed  phenomena  to  the  known  laws  of 
Wave-motion  in  Solids  and  Fluids."  Moreover  your  reports  '*  On 
the  Experimental  Determination  of  the  limits  of  the  transit-rate  of 
the  propagation  of  waves  or  pulses  analogous  to  those  of  Earth- 
quakes through  Solid  Materials,"  and  on  the  results  of  your  experi- 
ments on  a  cognate  subject'on  the  rocks  of  Holyhead,  tended  to 
prepare  science  iot  your  theories  of  the  Earthquake- wave,  and  for 
the  establishment  of  that  branch  of  knowledge  which  owes  so  much 
to  you,  namely  Seismology.  Your  numerous  reports  to  the  British 
Association  for  the  Advancement  of  Science  upon  Earthquakes,  and 
your  magnificent  contribution  to  Scien^  and  Literature  upon  the 
Neapolitan  Earthquake,  added  immensely  to  tlie  knowledge  of  the 
subject ;  and  your  descriptions  of  the  nature  of  the  earth-move- 
ment, of  the  comparativdy  slight  depth  of  the  focus  of  motion,  and 
of  the  nature  and  effects  of  the  great  marine  wave,  have  been  preg- 
nant with  results  in  geological  theory.  Of  late  years  your  able 
communication  to  the  Boyal  Society  "  On  Yolcanic  Energy "  has 
been  very  prominently  before  the  physicists  and  geologists  of  the 

d 


Digitized  by  VjOOQIC 


32  PBOGERDlBeS  OF  THS  «XOLOeiCAI.  SOdETr. 

Old  and  the  New  World.  Full  of  admirably  eklxvated  lacks,  it 
propoundB  a  theory  whose  truth  may  be  £urly  estimated  by  the 
oonaUnt  attention  it  has  received.  One  <^  yonr  earliest  oonimmii- 
cations  was  **  On  the  Trap-rocks  of  Cralway,"  and  your  latest  hate 
been  on  the  same  subject  In  your  last  essay  you  hare  eodeaTOoed 
to  sohre  the  difficult  question  of  the  peculiar  shape  of  the  basaltic 
prisms.  In  all  these  researches  your  employment  of  the  exact 
sciences  has  been  of  necessity ;  and  it  is  evident  tiiat  the  prucednre 
has  not  only  been  most  satisfactory  in  your  argnmoit,  b«it  tbat 
it  has  afforded  a  good  example  to  those  who  cannot  pretend  to  be 
geologists  without  an  acquaintance  with  your  works.  You  have 
followed  out  the  line  of  research  with  which  you  oommeDoed,  and 
have  done  great  service  to  geology,  and  also  in  directing  the  thoughts 
of  scientifie  men  towards  the  cosmical  relations  of  the  grandest 
phenomena  of  the  globe,  and  the  possibility  of  their  exjdanatiaii  by 
thermodynamics.  As  a  student  of  your  works,  and  as  a  teacher  of 
your  views,  I  am  proud  of  having  this  opportunity  of  eonfeniDg 
upcm  you  this  well-merited  reward* 

Mr.  Mallkt,  in  reply,  said : — 

Mr.  PSBBinBHT, — 

I  am  deeply  sensible  of  the  great  honour  which  has  been  con- 
ferred upon  me  by  the  award  of  this  WoUaston  Medal,  the  highest 
honour  which  it  is  in  the  power  of  the  Society  to  bestow.     I  appre- 
ciate this  honour  as  of  the  greater  significance,  since  of  aU  our 
scientific  societies  the  Geological  Society  of  London  must  be  deemed 
that  which  in  all  respects  is  the  most  competent  to  form  a  judgment 
of  those  labours  it  has  specifically  named  as  justifying  its  decision 
in  my  own  case.     It  is  a  somewhat  trying  ordeal,  even  to  one 
of  fieur  greater  eminence  than  I  can  pretend  to,  to  hear  Ida  own 
work  (as  is  usual  (Hi  occasions  such  as  the  present)  trumpeted 
forth  from  the  Presidential  chair  before  sudi  an  assemblage  of 
eminent  men,  best  capable,  of  weighing  their  merits  or  demerita, 
as  that  I  now  see  around  me.     I  fear.  Sir,  that  a  good  deal  of 
the  sunny  colouring  spread  by  you  over  whatever  I  may  have 
been  able  to  add  to  our  knowledge  of  certain  branches  of  Physcai 
Oeology  must  become  toned  down  to  more  sober  tints  when,  in 
future  years,  what  I    have  been  able  to  do  shsU  be  examined 
by  the  steady  light  of  the  study  of  the  students  and  philooophen 
of  a  future  age.     It  is  given  to  no  man  so  to  interpret  nature 


Digitized  by  VjOOQIC 


AITNIYJIRSABT  ICIIBTnra — ^WOLLISTOIT  1CBDA.L.  33 

that  his  enondatioii  of  her  secrets  shall  remain  for  ever  unmodified 
by  the  labours  of  his  successors.  Nor  am  I  vain  enough  to  imagine 
that  the  two  subjects  for  which  you  have  principally  awarded  me 
this  Medal  can  be  exempt  from  that  which  is  the  common  lot  of  all 
advances  in  science.  What  I  have  enunciated  with  respect  to  the 
laws  of  earthquake  movements  will  fundamentally,  I  believe,  admit 
of  little  of  very  radical  change  by  the  future  advances  of  Physical 
G^logy ;  for  the  laws  I  have  assigned  to  seismic  phenomena  come 
so  dose  to  and  are  such  direct  consequences  of  well-understood 
phydcal  laws  as  to  be^  like  those  laws,  immutable ;  but  in  details 
future  discovery  cannot  fail  to  alter  something,  and  vastly  to  add  to 
what  I  have  been  privileged  to  announce.  For  example,  it  was  my 
own  good  fortune  to  ascertain,  observationally  and  experimentally, 
the  depth  below  the  earth's  surface  whence  came  the  impulse  of  the 
first  earthquake  ever  submitted  to  measurement.  That  in  the  case 
of  the  great  Neapolitan  shock  of  1857  proved  to  be  only  about 
8  or  9  geographical  miles ;  but  it  is  highly  probable  that  the  depth  of 
the  centre  of  impulse  of  many  great  earthquakes  may  greatly  exceed 
this,  and  may  be  found  to  bear  some  relation  to  the  height  of  the 
greatest  mountain-ranges  adjacent.  Thus  my  old  Mend  Dr.  Oldham, 
after  his  examination  of  the  region  of  the  great  Cachar  earthquake 
a  few  years  since  in  North-eastern  India,  found  that  its  centre  of 
impulse  may  have  been  30  miles  in  depth  from  the  surface.  The 
views  which  I  have  enunciated  as  to  the  nature  and  origin  of  volcanic 
heat  and  energy,  though  I  believe  they  will  be  ultimately  found  to 
be  in  the  main  a  true  interpretation  of  nature,  must,  I  expect,  be 
subject  to  large  modification  and  addition  in  the  future  advances  of 
knowledge.  Our  physical  data  in  their  numerical  relations  are  still 
too  defective  to  enable  us  to  do  much  more  at  present  than  to  sketch 
the  general  scheme  of  the  laws  of  volcanic  action,  which,  by  the 
way  in  which  they  fit  into  or  explain  many  natural  phenomena 
in  widely  diverse  r^ons  of  nature,  seem  to  afford  credentials  of 
their  own  reality  in  nature. 

In  making  these  remarks  I  have  perhaps  already  exceeded  the 
limit  that  properly  belongs  to  an  occasion  like  the  present;  and 
in  conclusion,  let  me  once  more  repeat  my  thanks  for  the  kindness, 
sympathy,  and  appreciation  with  which  you  have  to-day  marked 
your  approval  of  what  Httle  I  may  have  been  able  to  do  for  the 
advancement  of  our  common  object. 


.Goode 
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AWAJOX  OP  THB  WOLLASTOK  DoitAHaS-^rWD. 

Hie  PBBBiDBirr  then  presented  the  halance  of  the  pTooeeds  of  die 
Wollaaton  Donation-fdnd  to  Mr.  Eobert  EtHKRineB,  jnn^  P.GA, 
and  addressed  him  as  follows : — 


Mr.  BoBSBT  EiHSBiBei, — 

I  have  great  pleasure  in  handing  to  yon  the  balance  at  the 
proceeds  of  the  WoUaston  Donation-fund,  which  the  Society  has 
awarded  to  you  as  a  testimony  of  their  appreciation  of  yoor  industry 
and  accuracy  as  a  Palsoontologist.  You  have  laboored  with  great 
success  amongst  the  fossiliferous  rocks  of  Australia,  and  now  you 
are  adyancing  palflBontological  science  by  describing  the  rarer  fosmls 
of  the  invertebrate  series  from  the  Scottish  Carboniferous  formatiim. 
In  offering  you  this  distinction,  I  venture  to  hope  that  its  reception 
will  stimulate  you  to  farther  inquiries  into  the  Palsaosoic  faunas. 

Mr.  EmsBiDes  replied : — 

Mr.  Prbsidsnt, — 

The  recognition  by  the  Council  of  the  Oeologioal  Soeiety  of  ny 
labours,  by  the  award  of  the  WoUaston  Pund,  is  both  gratiiying  tad 
complimentary  to  me.  I  have  be^i  and  am  still  mating  great 
endeavours  to  elucidate  some  branches  of  our  eommon  soieiice,  hr 
your  award  for  which  I  beg  to  tender  my  sincere  thanks.  li  will 
stimulate  me  to  further  exertions. 

The  systematic  study  of  the  British  Carboniferous  MoQusoa,  to 
which  I  have  more  particularly  confined  my  attention,  haa  been 
for  many  years  comparatively  neglected,  notwithstanding  tke  vast 
amount  of  material  gathered  together  tiirough  the  ^lergy  and  seal 
of  local  scientific  men,  many  of  them  distinguished  members  of  oor 
Society. 

That  any  contributions  of  miuQ  towards  this*  object  have  met  with 
the  approbation  of  the  Society,  is  in  its^  a  great  reward ;  coopled, 
however,  with  the  honour  you  have  to-day  paid  me,  it  becomes  a 
source  of  much  higher  gratification. 
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AwABD  OY  THs  MxjBOEjaos  Mboal  abd  Gbologtoal  ¥vsd. 

The  Pbssideht  next  handed  the  Morchison  Medal  to  Mr.  Washtg- 
TOY  W.  SxTTH  for  transmission  to  the  Bev.  William  Brahwhtes 
GuLBKBy  M.A.y  F.E.S.,  F.G.S.,  and  spoke  as  follows : — 

Mr,  WAKDreToir  Sm  tth, — 

The  Council  of  the  Society  has  awarded  the  Murchison  Medal  and 
a  portion  of  the  Morchison  Fond  to  the  Eev.  WiQiani  Branwhite 
Clarke,  F.R.S.,  of  Sydney,  Australia,  in  recognition  of  his  remark- 
able services  in  the  inyestigation  of  tiie  older  rocks  of  New  South 
Wales,  services  which  have  led  to  a  correct  knowledge  of  the  suc- 
cession of  the  formations  in  that  great  country,  and  which  have  been 
of  great  value  to  the  community. 

Mr.  Clarke's  labours  date  back  nearly  half  a  century,  and  he  had 
contributed  several  interesting  essays  on  points  of  British  Oeology 
before  he  commenced  his  .arduous  work  amongst  the  Coal-bearing 
strata  of  his  adopted  country.  Influenced  by  the  love  of  scientiflc 
investigation,  and  aided  by  a  self-reliant  and  independent  character, 
he  surveyed  those  great  depths  of  rock  which  brought  the  local 
names  of  Hawkesbury,  Wianamatta,  and  Newcastle  before  the 
geological  world  as  landmarks  in  an  apparently  anomalous  series  of 
strata.  Tfia  survey^  the  result  of  years  of  patient  labour,  was  so 
exact,  that,  in  spite  of  former  unsparing  criticism,  it  is  now 
universally  recognized  as  correct;  and  his  deductions  as  to  the 
relative  value  of  marine  and  plant-bearing  strata  in  estimating  the 
ages  of  formations,  though  disbelieved  in  former  years,  have  been 
proved  to  be  consistent  with  facts  since  observed  in  Africa,  India, 
and  North  America. 

Mr.  Clarke  discovered  that  there  were  strata  of  marine  limestones 
containing  Carboniferous  Spiriferi  and  FrodueH^  and  that  with  these 
were  inieroalated  beds  of  coal  which  presoited  a  mixture  of  forms 
of  plants.  He  noticed  that  there  was  no  break  in  this  great  series 
of  deposits,  and  that  BigiXlarim^  Calamites,  and  CoDiferas  yf&ee  asso- 
ciated with  Glossopteris  and  other  genera  of  Filioes,  which,  had  they 
been  found  in  the  typical  area  of  England,  would  have  deleted  a 
Mesosoio  horizon.  Subsequent  research  by  other  observers  in  Queens- 
land has  produced  corresponding  results ;  and  science  therefore  owes 
much  to  Mr.  Clarice  for  the  consistent  and  persistent  manner  in 
which  he  has  upheld  his  opinions  regarding  the  age  (^  these  Austra- 
lian CarboniliBrous  series.    Labouring  amongst  the  strata  below  the 
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CarboiiifiNt>iiS9  Mr.  dailce  disoorered  the  presence  of  Slniua  n>^ 
by  the  existence  in  them  of  characteristio  Trilobites  and  Gonky  aad 
noticed  the  unoonfonnability  of  the  Carboniferous  to  the  under- 
lying group ;  and  eren  in  those  early  days  of  his  work  he  gnaped 
the  important  idea  that  the  geology  of  the  typical  area  of  Europe  vas 
not  exactly  comparable  with  that  of  Australia. 

From  his  knowledge  of  the  country  and  of  the  physical  deridop- 
ment  of  the  Australian  Cordillera,  Mr.  Clarke  was  able  to  oilaige 
upon  the  relations  of  the  sedimentaiy  and  intrusiye  TOckB ;  and  dns 
led  to  his  discovery  of  the  auriferous  quartzites  and  detrital  aeca- 
mulations  of  the  mountains  within  60  or  80  milee  of  Sydney. 
Subsequently  the  possibility  of  the  great  north  and  south  range  of 
New  South  Wales  being  highly  auriferous  was  impressed  upon  hba 
by  his  comparing  these  mountains  with  the  details  of  the  Oural,  the 
result  of  the  labours  of  the  great  gedogbt,  donor  of  this  Medal, 
and  of  Keyserling  and  De  YemeuiL 

Mr.  Clarke's  last  work  on  the  Sedimentary  Formations  ol  New 
South  Wales  appeared  in  1875,  and  in  ft  the  veteran  geologist  had 
the  satisfaction  of  repeating  those  acknowledged  truths  whidi  he  had 
elaborated  thirty  years  since. 

In  asking  you  to  forward  this  Medal  to  the  Bev.  William  B. 
Clarke,  I  know  that  I  am  requiring  a  pleasant  task  at  your  hands, 
especially  when  I  desire  you  to  express  to  him  the  appreciation  in 
which  his  labours  are  held  by  this  Soci^. 


Mr,  Wabihgton  W.  SiiTm  replied : — 

Mr.  PUBIDENT, — 

It  is  with  much  satisfaction  that  I  receive  this  Medal,  to  be  for- 
warded to  the  Rev.  Mr.  Clarke,  one  among  the  oldest  FeUows  of  the 
Society,  who  joined  its  ranks  upwards  of  fifty  years  ago,  and  has 
from  that  time  to  the  present  continued  his  labours  in  the  field  of 
science.  Although  not  personally  acquainted  with  Mr.  Oarke,  I 
have  had  the  opportunity,  fr<mi  his  being  a  constant  and  valued  ccff-- 
respondent  of  our  late  friend  Sir  Boderick  Murchison,  to  hear  mudi 
of  the  laborious  researches  carried  on  by  our  Medallist  in  New  South 
Wales.  I  feel  assured  that  the  award  of  this  honour  will  be  duly 
appreciated  in  the  colony,  the  Geology  of  which  has  been  so  mudi 
advanced  by  Mr.  Clarke,  and  trust  that  it  will  be  a  source  of  pride 
and  pleasure  to  the  veteran  explorer  in  his  declining  years. 
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In  presenting  the  balance  of  the  proceeds  of  the  Morchison 
GJeol<^cal  Fund  to  the  Eev.  J.  P.  Blakb,  M.A.,  P.G.S.,  the  Peb- 
BXDSirr  said : — 


Mr.  Blakb, — 

In  presenting  you  with  the  balance  of  the  Morchison  Geological 
fund  in  the  name  of  the  Council  of  this  Society,  I  have  to  express 
to  yon  our  appreciation  of  the  excellence  of  the  Geological  and 
Palseontological  services  which  you  have  rendered  to  science  during 
the  last  few  years.  The  Mesozoic  formations  of  England,  which  you 
are  still  investigating,  require  all  the  energies  and  accomplishments 
of  the  paleontologist  for  their  elucidation,  besides  a  great  knowledge 
of  practical  field-geology.  You  have  undertaken  a  great  task  in 
their  description,  and  I  trust  that  this  slight  expression  of  the 
approbation  and  sympathy  of  your  fellow  geologists  may  urge  you 
on  in  your  laborious  path. 


Mr.  Blase  replied  as  foUows : — 
Mr.  PfiBsmEzrr, — 

I  beg  to  thank  the  Council  veiy  sincerely  for  the  honour  they  have 
done  me  in  making  this  award,  and  you.  Sir,  for  the  kind  manner 
in  which  you  have  presented  it  to  me.  I  do  not  know  that  there  is 
any  thing  that  I  care  for  more  than  the  spread  and  advancement  of 
our  knowledge  of  Nature;  and  there  is  no  honour  I  covet  more 
eagerly  than  such  as  show,  as  I  take  it  this  does,  that  I  have  to 
some  extent  succeeded  in  doing  something  towards  this  end.  I 
think  I  may  conscientiously  say  that  what  geological  work  I  have 
done  has  been  the  best  I  have  known  how  to  do,  or  have  had  the 
opportunity  of  doing,  though  I  am  continually  learning  how  very 
much  better  that  best  might  have  been.  With  regard  to  the 
Mesozoic  rocks,  which  form  so  prominent  a  feature  in  English 
Geology,  there  is  very  much  yet  to  be  learnt ;  and  the  hard  and  fast 
lines  of  the  earliest  observers  have  yet  to  be  smoothed  down  and 
shaded  off,  by  a  study  of  the  physical  conditions  of  the  deposits, 
before  we  have  a  complete  and  artistic  picture  of  the  whole.  You 
have  assured  me,  Sir,  that  the  present  award  is  meant  not  only  as 
an  honour  bnt  as  an  encouragement  and  incentive  to  me  to  go  on 
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mnd  add,  if  posdble,  something  more  to  the  picture;  and  I  hope  the 
fotue  may  proTe  that  I  have  leoeiyed  it  in  that  i 


AWABD  OF  THX  LXSLL  MSDAL  AKD  FuVB. 

The  Prisedsst  next  handed  to  Frofeseor  Eaicsat,  F.R.8.,  the 
Lyell  Medal  and  part  of  the  Lyell  Fond,  for  tranwrniiwion  to  Jamb 
HsciOB,  If  J).,  F  JLS.,  Director  of  the  Geological  Snzrey  of  New 
Zealand,  and  addrasaed  him  as  follows : — 

Prof.  Ramsat, — 

The  Lyell  Medal  I  haTe  the  pleaanre  of  asking  you  to  forward, 
on  the  part  of  the  Goonoil  of  this  Society,  to  James  Hector,  MJ)^ 
FJLa,  and  Director  of  the  Geologioal  Sorrey  of  New  Zealand.  It 
is  given  to  him  in  recognition  of  his  long  and  valued  aciyiios  in 
Oedogy  and  Paleontology  hoth  in  British  North  America  and  in 
New  Zealand.  Seventeen  years  ago  Dr.  Hector  commnnicated  a 
valoable  Beport  to  the  British  Association  for  tiie  Advancement  of 
Science  on  the  Oedogy  of  the  Palliser  Expedition,  and  others  on  the 
Physical  featores  of  British  North  America,  and  on  the  climate  of 
the  Saskatchewan  district;  and  in  1861  this  Society  poUiabed  his 
ahle  p^ier  on  the  Qeology  of  Lake  Siq^erior.  Having  gained  great 
experience  as  an  accomplished  surveyor,  he  commenced  his  cele- 
hrated  survey  of  New  Zealand,  and  the  results  of  it  have  been  to 
place  the  geological  formation  of  those  remarkable  islands  plainly 
before  the  world.  His  Oedogy  of  Otago,  the  Beports  of  the  Survey, 
and  his  Oedogical  Map  of  New  Zealand  (woiks  of  great  impect- 
ance)  are  most  valuable  contributions  to  our  science.  A  distin- 
guished naturalist,  Dr.  Hector  has  contributed  largdy  to  the  Botany 
of  New  Zealand  and  to  the  study  of  its  river-fish,  which  have  re- 
markable affinities;  as  a  pabeontdogist,  he  has  not  only  described 
the  fossQ  remains  of  the  gigantic  birds,  but  also  of  the  extinct  Bep- 
tilia  of  the  islands.  Impressed  with  the  volcanic  phenomena  atiU 
in  action,  he  has  studied  and  written  upon  the  thermal  qnings,  the 
extinct  volcanoes,  and  the  earthquake  phen<Mnena.  He  has  been  ahle 
to  compare  the  grand  devdopments  of  the  formations  of  the  islands 
with  the  European  types ;  and  his  labours  have  ever  been  influenced 
by  that  method  of  research  which  rendered  the  founder  of  this 
medal  so  illustrious. 
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Prof.  RiMSAT,  in  reply,  said : — 
Mr.  Pbesident, — 

I  have  very  great  pleasure  in  receiving  this  Medal  for  Dr.  Hector, 
not  only  on  accoant  of  his  great  distinction,  but  also  because  we 
liave  both  been  so  much  engaged  in  questions  of  Physical  Geology. 
As  a  Physical  Geologist,  I  regard  him  as  standing  in  the  very  first 
rank ;  and  his  qualifications  have  been  shown,  not  only  in  North 
America,  but  also  by  his  thorough  organization  of  the  Geological 
Survey  of  New  Zealand,  which,  under  his  charge,  has  attained  a 
position  second  to  none  in  the  world.  In  Dr.  Hector's  name  I  beg 
to  thank  the  Society  for  this  testimony  of  its  appreciation  of  his 
labooTB. 

In  handing  the  balance  of  the  proceeds  of  the  Lyell  Eund  to  the 
Eev.  Thomas  Wiltshikb,  M.A.,  E.L.S.,  E.G.S.,  for  transmission  to 
Mr.  William  Penqbllt,  F.E.8.,  P.G.S.,  the  Pkesidknt  said ; — 

Mr.  Wiltshire, — 
The  Council  of  the  Society  have  awarded  to  Mr.  Pengelly  the 
balance  of  the  proceeds  of  the  Lyell  Euud,  I  may  say  unanimously, 
as  an  evidence  of  their  thorough  appreciation  of  his  long  and  suc- 
cessful labours  in  the  Geology  of  Devonshire,  and  his  untiring  de- 
votion to  the  gceat  task  of  extending  scientific  knowledge  relating 
to  the  antiquity  of  man.  By  his  systematic  survey  and  labour  in 
Eenf  s  Cavern,  especially,  he  has  not  only  excited  attention  on  this 
important  subject,  but  has  elaborated  facts  which  will  last  as  long  as 
science.  Thanks  to  his  great  energy  and  perseverance,  he  has  kept 
up  a  love  for  geological  science  in  his  county ;  and  this  has  been 
mainly  due  to  the  results  of  his  work  among  the  rocks  of  Devon- 
shire. In  presenting  this  fund  to  you  for  transmission  to  Mr.  Pen- 
gelly, I  feel  that  the  good  opinion  which  his  fellow  geologists  have 
of  him  and  his  work  cannot  be  sufficiently  expressed  by  me ;  but  I 
trust  that  this  recognition  of  his  services  to  science  will  be  felt  by 
him  as  a  slight  reward  for  many  years'  arduous  devotion  to  Geology. 

Mr.  Wiltshire  replied : — 
Mr.  Pkbbident, — 

It  is  a  subject  of  regret  to  Mr.  Pengelly  that  he  is  prevented  by 
public  engagements  from  receiving  to-day  in  person  the  award  of 
the  Lyell  Trust  Fund.  Mr.  Pengelly,  while  deputing  me  to  be  his 
representative,  has  begged  me  to  contey  to  the  Society-  his  higlr 
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^  cl  hit  old  6icBd  the  fomider  of  the  tnist,  and  win  be  a&  tddi- 
Botzre  lor  stOl  foQowing  Jtp  thoee  inTestigstioiw  in  Ceet*! 
GiTHB  and  in  the  eonnty  of  Berondure  whidi  oo  long  vere  if- 
fnived  of  bj  the  late  &  ChaxleB  LjdL 


AWAB»  OF  XKB  BfOOT  MkBAL. 

The  PUBMR  then  hnded  the  Bigiby  Medal  to  Mr.  Hcxa 
r  JKJB^  F.6JSs  far  tnMBMtton  to  Prat  O.  C.  Mauk,  P.a&,  nd 
iMat  follows: — 


lfr.Hnja, 
The  Oonea  of  this  Society  hare  awarded  the  Bigdij  Medal  to 
Pkat  a  CL  Manh,  F.6jS^  of  Tale  CoDege,  CooDeeticiit,  U.  & ;  aad 
I  tTHl  ttat  in  lutwatdiug  ftis  testxBODy  ai  our  admiiataon  of  hk 
■hTiTini  and  wofk,  jo«  will  explain  to  bim  that,  being  a  FeOow  of 
Ae  Secietj,  we  euinot  enrol  him  amongit  onr  Foreign  GoReipoB- 
dents  and  M<mben»  but  diat  we  can  oAer  him  the  first  medal  given 
br  oae  ^bo  has  kbonred  long  and  snaeagfully  in  the  field  of  Ane- 
ikanGeefegy. 

The  Medal  is  given  in  reeognition  of  tbe  great  serriees  which 
FroL  Manh  hss  rendaed  to  the  paheontology  of' the  Yert^mto. 
He  hss  diitmgaidhed  hismetf  by  studying  the  foesa  rcmaini  of 
every  great  grsop  of  the  Tertel»ato  from  the  Faheocoie, 
,  and  Gunocoic  strata  of  the  5ew  Wodd.  The  field  of 
m  immense,  bat  his  work  has  been  very  ootreet: 
and  his  ihmiiti<iTfi  and  daasificatory  psl«y>ntological  writi]^  indi* 
grasp  of  anatomical  details,  and  his  great  power 


^  Marsh  s  early  work  was  upon  an  Enaliosanrian  from  the 
L  ci  l^orm  8eotU;  bat  Uds  limited  field  of  Tertebcato 
left  for  the  fossils  ci  the  wonderfol  cumiiij  in 
I  of  the  United  States.  The  Cretoeeo«  soies 
yiette^  Ae  lumeilabV  faaml  birds  whose  examination  has  been  dns 
toFkefesmrMarah;  hs  added  to  the  knowledge  <tf  the  Py^ono- 
iQTi'k-  fkem  An  same  aeties  by  diatingoiflhing  the  pelrio  girdle  and 
tiiehindfimba.  The  Fterodaetyles  hare  been  his  e^edal  stody,  ss 
hat«  aba  the  Mosnmms  of  5ew  Jersey  and  the  Tyhmmi  snd 
of  Feniea     The  foasil  fieh  of  the  Kiobimra  grei^  haTS 
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been  in  part  worked  out  by  him.  Interesting  and  important  as 
hare  been  these  researches  in  the  lower  vertebrates,  they  are  sur- 
passed by  Professor  Marsh's  palsBontological  contributions  regarding 
the  Mammalia  of  the  post-Cretaceous  ages.  He  has  described  some 
of  the  Oreodontids,  those  interesting  Artiodactyles  of  the  Miocene  of 
Oregon ;  and  he  has  illustrated  and  contributed  to  our  knowledge  of 
the  Perissodactyles  of  the  so-called  Eocene  of  the  western  territories 
of  his  country,  the  genera  Pal<jeo9yop$^  Limnohyus,  Lophiodon,  Hy- 
rackyus,  and  Ztmno^rtum  being  especially  studied.  His  researches 
amongst  the  DinoceratidaB  are  famiUar  to  every  geologist,  and  most 
anatomists  will  admire  his  labours  amongst  the  fossil  Hodentia.  Pro- 
fessor Marsh,  moreover,  has  paid  great  attention  to  and  described 
fossil  species  of  Crocodilia,  Lacertilia,  and  Glyptosauria,  from  the 
same  series  of  strata,  whose  stratigraphical  position  ib  still  a  matter 
of  debate. 

I  trust  that  jou  will,  as  a  brother  palseontologist  labouring 
somewhat  in  the  same  field,  express  to  Professor  Marsh  the  appre- 
ciation we  all  have  of  Bis  interesting  and  valuable  contributions  to 
our  science. 

Mr.  HuLEB  replied : — 

I  cannot  doubt.  Sir,  that  the  award  of  this  Medal  will  afPord 
Professor  Marsh  the  highest  satisfaction.  His  services  to  Paheon- 
tology  have  just  been  so  fully  enumerated  by  yourself  as  not  to 
leave  me  any  thing  to  add  in  his  behalf;  they  are  so  numerous  and 
80  important  as  to  mark  ah  epoch  in  this  line  of  research.  The 
present  recognition  of  the  value  of  his  labours  will  doubtless  prove 
an  incentive  to  fresh  work. 


THE  ANNIVEKSARY  ADDRESS  OP  THE  PRESIDENT, 
Professor  P.  Mabtdt  Duwcak,  M.B.  (Lend.),  F.R.S. 

Ik  accordance  with  the  annual  custom,  I  commence  this  Anniversary 
Address  with  some  short  biographies  of  the  more  important  Fellows 
of  this  Society  whose  deaths  have  been  chronicled  during  the  past 
twelve  months. 

David  Fobbbs,  late  Secretary  of  the  Geological  Society,  a  Fellow 
of  the  Royal  Sodefy  and  of  the  Chemical  Society,  a  most  distin- 

e2 
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guished  practical  and  theoretical  mineral c^ist,  metallurgitit,  and 
general  geologist,  was  brother  to  the  late  Edward  Forbes.  He  was 
bom  at  Douglas,  in  the  Isle  of  Man,  in  1828,  and  was  partly 
educated  there  and  at  Brentwood,  in  Essex.  Subsequently  he 
entered  the  UniTersity  of  Edinburgh,  and  studied  chemistry,  of 
which  he  was  very  fond  as  a  boy,  under  Mr.  Wilson. 

Whilst  still  very  young  he  was  appointed  to  the  superintendence 
of  the  mining  and  metallurgical  works  at  Espedal,  in  Norway,  a 
post  which  he  held  for  some  years.  Capable  of  enduring  great 
fatigue  and  full  of  resources,  Forbes  travelled  far  and  wide  over  tiie 
country,  and  studied  nature  carefully  and  sedulously.  He  was 
especially  careful  in  his  investigations  of  the  method  of  the  occur- 
rence of  the  different  minerals  in  the  rocks  of  the  area;  andhii 
knowledge  of  chemistry  and  petrology  enabled  him  to  shed  mach 
light  upon  the  causes  of  the  appearance  of  important  mineral 
species.  A  careful  collector,  a  most  painstaking  note-taker,  and  an 
admirable  analyst,  he  began  to  form  that  collection  of  rock-6peci- 
mens,  minerals,  and  analytical  results  of  which  he  was  so  proud  in 
after  years. 

Connected  with  important  industries,  Forbes  had  many  oppor- 
tunities of  observing  the  behaviour  of  rocks  under  great  heat  and 
pressure,  and  the  study  of  the  peculiar  nature  of  the  g(HAogy  of  the 
country  kept  these  results  constantly  before  him.  He  became  a 
close  observer  and  a  broad  thinker  upon  all  those  subjects  which  are 
connected  with  physico-chemical  changes  in  rocks,  and  which  at 
that  time  were  the  cause  of  great  debate  and  of  much  dogmatism. 

His  work  grew,  and  in  his  communication  to  this  Society,  en- 
titled ^'  On  the  Causes  producing  Foliation  in  Rocks,  and  on  some 
observed  cases  of  Foliated  Structure  in  Norway  and  Scotland,' 
which  was  read  Jan.  31,  1855,  Forbes  gave  an  interesting  example 
of  the  foliation  of  a  blue  limestone  which  rested  on  mica-schist, 
near  Crianlorich,  Perthshire.  He  noticed  that  the  limestone  was 
completely  foliated  by  the  introduction  of  small  plates  of  mica,  so 
that  it  often  could  not  be  distinguished  from  gneiss.  The  foliation 
was  identical  with  the  planes  of  bedding,  and  this  was  the  case  in 
the  underlying  rock ;  but  in  the  layers  above  the  limestone  tiie 
foliation  was  very  twisted  and  irregular.  This  instance  was  intro- 
duced to  illustrate  the  different  views  relating  to  the  not  invariable 
coincidence  of  the  lines  of  bedding  and  foliation ;  and  Forbes  re- 
marked subsequently  upon  an  observation  of  Keilhau*s,  where  a 
thick  bed  of  very  characteristio  gneiss  situated  amongst  other 
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ciystalline  strata  had  tho  foliation,  as  a  whole,  dereloped  at  right 
angles  to  the  plane  of  stratification.  He  was  convinced  that  a 
preriously  existing  cleayag^-structure  often  interfered  with  the  rule 
of  the  exact  coincidence  of  planes  of  foliation  and  stratification,  and 
he  considered  that  the  more  or  less  inclined  position  of  the  heds 
during  foliation,  and  the  intrusion  or  approach  of  igneous  rocks, 
would  produce  similar  anomalies.  He  demurred  to  the  theory  of 
Darwin  and  Sharpe  that  cleayage  and  foliation  are  identical,  and 
that  they  are  parts  of  one  and  the  same  process,  the  former  heing 
the  first  stage  of  the  latter ;  and  he  considered  them  distinct  in 
their  nature  and  causation.  He  contributed  in  the  same  year, 
1855,  a  paper  to  the  British  Association  on  the  ^^  Action  of  Sulphu- 
rets  on  metallic  Silicates  at  high  Temperatures ; "  and  also  an  essay 
to  the  Edinburgh  Philosophical  Journal  on  the  **  Eelations  of  the 
Silurian  and  Metamorphic  Roeks  of  South  Norway."  Subsequently, 
in  1857,  he  wrote  on  the  chemical  composition  of  the  Silurian  and 
Carboniferous  Limestones.  He  clearly  defined  the  chemical  action 
in  the  production  of  foliation,  and  restated  the  evidence  adduced  by 
Sorby  regarding  the  mechanical  development  of  cleavage.  Bringing 
forward  many  examples  of  foliation,  he  explained  how  they  had 
been  the  result  of  the  introduction  of  silicates ;  and,  enlarging  upon 
this  part  of  the  subject,  he  noted  that  chondrodite,  oxide  of  iron, 
various  sulphurets,  and  some  arseniurets  were  also  of  importance  in 
these  grand  operations. 

In  the  course  of  this  essay,  Forbes,  after  noticing  how  it  is 
possible  to  have  altered  chemical  as  well  as  molecular  arrangement 
at  temperatures  below  that  at  which  softening  is  produced,  pro- 
ceeded to  remark  upon  the  apparently  foliated  structure  of  certain 
igneous  rocks,  which  have,  of  course,  been  fluid.  He  considered, 
however,  that  this  occasional  arrangement  of  "  grain  "  in  granitic 
rocks  is  not  analogous  to  that  layering  of  volcanic  rocks  which  may 
be  compared  to  the  ribboned  structure  of  glacier  ice.  In  concluding 
this  interesting  essay,  Forbes  summed  up  as  follows: — 1.  That 
foliation  and  cleavage  are  two  distinct  processes  not  necessarily 
connected,  and  that  those  cases  where  they  are  parallel  or  identical 
generally  result  from  previously  induced  cleavage-structure.  2. 
That  foliated  structure  is  the  result  of  chemical  action  combined 
with  a  simultaneous  arranging  molecidar  force  developed  at  heats 
below  the  fusion  or  semifusion  of  the  rock-masses ;  and  that  when 
we  find  a  similar  structure  induced  in  rocks  which  are  known  to 
have  been  previously  in  a  fused  state,  this  has  been  developed  sub- 
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•equontly  to  the  sdidification  of  fuch  rocto.     a  That  the 

ment  of  foliation  i»  often  dne  to  the  presence  or  proximity  d 

igneous  rocks,  and  has  a  tendency  to  fbUow  the  directi<»  of  •■!  Ibw 

present,  whether  of  cleavage,  of  stratification,  or  of  Btri«  o£  foMi, 
foUowing  preferably  the  lines  offering  least  re«i«tance;  aod  lisdy, 
that  there  are  considerable  reasons  for  supposing  that  the  fotiaud 
rocks  of  Norway  may  be  chemically  altered  foesilifaroaa  rtrmta. 

Whilst  thus  investigating  some  of  the  most  interesting  probfew 
of  the  day,  Forbes,  ever  an  active  man  of  business,  becaine  a  paitwr 
in  the  firm  of  Evans  and  Aikin,  nickel-smeltCTB,  of  Krmin^ism; 
and  this  connexion  necessitated  his  visiting  and  carefiiny  aunreyiiig. 
In  a  mineralogioal  sense,  Chili,  BoUvia,  and  Peru.    Besiding  in  the 
midst  of  the  grandest  developmento  of  igneous  rocks,  and  coostaatij 
engaged  in  important  economical  operations,  Forbes  at  last  wrote  a 
papt>r  which  will  always  remain  as  a  classical  contribution.    It  wis 
in  IvHOO,  and  after  his  return  from  South  America,  that  Forbes  rewi 
this  important  communication  before  this  Society,  "  On  the  Gecdogy 
of  Bolivia  and  Southern  Peru.**    It  was  the  result  of  obserratkos 
made  fVom  1857  to  1860.  and  contained  most  valuable  sections  and 
a  map,  which  give  a  very  excellent  idea  of  the  difficulties  which  the 
goologist  had  to  encounter,  and  explained  the  discrepancies  of  such 
previous  observers  as  FOrbigny  in  1842,  and  Piasis  in  1856.   AiUr 
uoUoiug  the  Tertiary  and  Diluvial  formations  of  the  coast,  he  ex- 
l^aiutHl  that,  although  the  coast  shows  unmistakable  signs  of  recent 
t^Wation,  this  appeared  to  havo  been  more  irregular  than  to  the 
wmth  ;  ho  did  not  observe  any  beds  of  recent  shells  higher  than  40 
fM  abo\t>  sea-lovol.    Some  guano-beds  exist  at  the  same  height, 
and*  fiudiug  ammonia  in  them  in  a  state  of  combination,  he  coo- 
M\Uwd  that  it  was  produced  by  the  action  of  sea-water,  thrown  up 
in  the  R«m  of  ^wray,  on  the  substance  of  the  beds.    He  noticed 
lavvr*  of  salt  intercalated  amongst  the  recent  sheU-beds,  and  found 
thVm  hi^rher  up  the  hills  the  salt  having  dissolved  and  passed  into 
fiw^urt^  and  crevicea.    At  Arica  he  noticed  sea-beaches  at  the  height 
of  :KHX>  fwt»  and  explored  the  saline  formations  which,  stretching 
Wi^  miks  north  and  south,  have  their  full  development  between  lati- 
tuvU^a  U^  and  ^C?^  S.    They  are  superficial,  often  efliorcscent,  and, 
WMdv«  containing  aU  the  salts  resulting  from  the  evap<»ation  of  sea- 
wat«r«  they  h«vt»  boracio-acid  compounds  from  the  occurrence  of  tqI- 
canic  e^at^^^»*    He  fbund  these  saKne  deposits  at  three  different  levtek 
in  th«  gwal  lainkss  district,  at  2500,  7000,  and  12,500  feet— the 
lii«t  d^poMts  containing  large  quantities  of  nitrate  of  soda,  whilst  the 
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borate  of  lime  was  found  at  he  highest  station.  After  notidng  that 
theoe  salines  rested  on  old  beach-structnre,  and  thus  explaining  the 
oomparatiyely  recent  npheayal  of  the  great  plateau  of  Boliviay  he 
described  the  Upper  Oolitic  beds  with  interstratified  porphyritic 
rodcs  which  form  the  Cordilleras  de  la  Costa,  and  which  in  Chili 
form  the  back  range,  or  Cordilleras  de  los  Andes.  Explaining  the 
influence  of  the  contact  of  the  diorites  of  the  r^on  upon  the  thin- 
bedded  liaasic  shales,  he  noticed  the  grand  development  of  the  series 
of  porphyries,  claystones,  and  porphyry  conglomerates  which  underlie 
white  trachytic  tnffis.  The  subsequent  alteration  of  these  conglo- 
merates by  silica  was  considered  to  be  as  interestmg  as  the  vast 
amounts  of  copper  found  in  them,  and  in  one  locality  they  were 
found  to  be  cut  through  by  a  great  mass  of  felspathic  lava. 

He  noticed  'Hhe  Permian  or  Triassic  formation,"  whose  rocks 
attained  the  thickness  of  6000  feet,  and  which  are  penetrated,  up- 
heared,  and  altered  by  the  Unear  eruption  of  diorite  rocks  which 
rons  through  the  whole  extent  of  Peru,  Boliyia,  and  Chili,  and 
which  are  contemporaneous  with  the  Cretaceous  period.  So  striking 
was  the  analogy  between  these  rocks  and  those  described  by  Mur- 
diison,  Keyserling,  and  Be  Yemeuil  from  Bussia  that  Forbes  wrote 
that  it  seemed  as  if  he  were  treating  of  the  same  formation.  As  in 
the  European  formation,  brine  springs  and  cupriferous  sandstones 
prevail. 

The  celebrated  mine  of  Corocoro,  where  the  copper  occurs  as 
metallic  grains  or  large  masses  disseminated  in  beds  of  sandstone,  is 
in  this  formation ;  and  Forbes  described  the  remarkable  fault  which 
divides  the  metalliferous  district,  and  which  has  produced  both  a 
vertical  and  a  horizontal  disturbance  in  the  original  position  of  the 
beds.  He  gave  some  very  cogent  reasons  for  believing  that  the 
copper  was  originally  in  the  beds  in  combination,  and  that  it  was 
subsequently  reduced  at  the  time  of  the  great  diorite  eruption. 
•  After  describing  the  anal3rsis  of  the  strata  of  Corocoro,  and  the 
discovery  of  vanadic  acid  in  them,  he  noticed  the  occurrence  in 
tiie  mines  of  carbonized  wood  whose  pores  contained  metallic  copper ; 
and  also  the  fact  of  the  discovery  of  a  fossil  Maerauehenia^  which 
had  probably  fallen  during  life  into  a  fissure. 

Finally,  with  regard  to  these  Permian-Triassio  strata,  Forbes 
recognized  three  disturbances  in  them: — 1.  Their  upheaval  by 
the  porphyries  of  Oolitic  age.  2.  The  protrusion  of  later  diorites. 
3.  The  eruption  of  the  volcanic  rocks  properly  so  called. 

Passing  on  to  the  Carboniferous  formation,  and  noticing  its 
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extension  near  Lake  Tiiicaca,  lately  sarveyed  by  Alexander  Agasazz, 
Forbes  oonld  only  refer  to  its  bigbly  fossiliferons  character,  as  war 
impeded  bis  survey.  But  be  gave  a  diagram  illnstriiting  the  grasd 
synclinal  folds  whose  strata  contain  fossils  cbaracteristio  of  the  age 
in  Europe. 

Salter  advised  Forbes  to  include  some  strata  which  the  latter  had 
placed  as  Upper  Silurian  in  the  Devonian  formation.  The  true 
Silurians  Forbes  found  over  an  area  of  700  miles  in  length  from 
N.W.  to  S.E.,  and  of  from  80,000  to  100,000  square  mile«.  They 
were  shown  to  form  the  mountain- chain  of  the  High  Andes,  nsing 
to  an  absolute  height  of  25,000  feet  above  the  sea,  and  givii^ 
origin,  by  their  meteorological  effects,  to  some  of  the  greatest  riyfXA 
in  the  world.  He  showed  tbat  D'Orbigny  was  wrong  in  supposing 
the  high  peaks  of  this  great  range  to  be  bosses  of  gmnite,  and  that 
really  they  are  formed  of  fossiliferons  strata  of  Silurian  age ;  and  our 
enthusiastic  mineralogist  proved  in  person  that  this  was  the  ca^  at 
the  summit  of  the  mountain  Hlampu.  The  resemblance  (rf  the 
Andesian  Silurians  in  physical  configuration  and  in  other  features  to 
their  European  equivalents  struck  Forbes  so  much  that  he  wrote, 
'*  Notwithstanding  the  much  grander  scale  on  which  they  are 
developed,  the  geologist  cannot  but  imagine  himself  breathing  the 
air  of  Siluria  even  before  an  examination  of  the  rocks  themselres 
confirms  the  suspicion."  He  noticed  the  deficiency  of  limestones  in 
the  lower  strata  of  the  Andes,  the  constant  presence  of  slate,  the 
auriferous  nature  of  the  quartz-veins  with  iron  pyrites,  and  insisted 
on  the  occurrence  of  five  disturbances  of  the  rocks.  The  first  was 
the  intrusion  of  auriferous  granite,  the  second  was  the  porphyiitic 
eruptions,  the  third  tbe  protrusion  of  the  metalliferous  diorites,  and 
the  fourth  and  fifth  refer  to  trap  dykes  and  volcanic  eruptions. 

For  noticing  this  great  paper  at  this  length  there  need  be  no 
excuse;  it  was  a  model  essay,  and  exhibited  the  author's  geo. 
graphical  knowledge,  his  correct  belief  in  the  metamorphosis  of  vast  • 
masses  of  rocks,  in  the  influence  of  contemporaneous  and  intrusive 
rocks,  and  in  the  grand  oydes  of  physical  and  chemical  diange 
which  accompany  the  evolution  of  mountain-ranges  on  the  grandest 
scale. 

One  of  Forbes^s  most  eharacteristio  essays  was  the  lecture  de- 
livered before  the  Fellows  of  the  Chemical  Society  on  Chemical 
Geology.  In  it,  after  asserting  that  the  investigator  in  the  stndy  of 
Chemical  Geology  must  of  necessity  call  in  to  his  assistance  a  know- 
l&%e  of  the  collateral  branches  of  the  natural  sciences,  he  plunged 
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into  Ms  subject,  and  stated  that  the  stady  of  mineralo^,  being  the 
alphabet  of  petrology,  shows  that  many  important  and  common 
mineral  species  may  have  been  formed  at  different  times  by  very 
diverse  processes.  He  considered  that  this  should  warn  ns  against 
deciding  upon  any  one  formative  cause  to  the  exclusion  of  other 
agencies,  and  led  the  argument  towards  the  dangers  of  receiving, 
without  farther  knowledge  relating  to  "  dissociation,"  the  prevailing 
doctrines  of  the  origin  of  the  globe  and  its  minerals  from  the 
nebular  and  stellar  condition.  But,  nevertheless,  he  insisted  strongly 
upon  the  propriety  of  considering  the  known  facts  regarding  pres- 
fiure,  fusion,  and  chemical  affinity  under  exceptional  conditions,  in 
forming  an  hypothesis  relating  to  the  early  stage  of  the  globe.  He 
gave  it  an  atmosphere  at  an  early  date,  and  believed  that  the  solid 
sphere  would  resolve  itself  into  three  great  zones.  In  the  first,  or 
crust,  highly  acid  silicates  with  free  quartz  would  prevail,  their 
bases  being  chiefly  alumina  and  potash,  with  minor  quantities  of 
soda,  lime,  and  magnesia;  below  this  a  second  zone  of  silicates 
of  more  basic  character  and  greater  density,  the  bases,  being  lime 
and  magnesia,  but  with  minor  quantities  of  potash  ;  and  a  still 
deeper  zone  of  the  denser  metallic  elements  in  combination  with 
sulphur,  arsenic,  &c.  He  imagined  that  in  the  first  instance  we 
should  have  the  atmosphere  next  the  earth  composed  of  a  dense 
vapour  of  those  compounds  which  are  volatile  only  at  a  high  tem- 
perature, such  as  the  vapour  of  chloride  of  sodium.  Above  this 
would  be  carbonic  add,  the  oxygen  and  nitrogen,  and  finally  the 
vapour  of  water.  His  idea  of  the  effect  of  the  cooling  of  such  an 
atmosphere  was  extremely  ingenious,  as  was  also  his  reasoning  upon 
the  manner  in  which  the  crust  should  behave  under  the  influence  of 
cooling  and  solidification.  Finally,  after  criticising  all  the  data  on 
which  these  theories  can  stand,  and  explaining  the  difficulties  in  the 
way  of  the  aqueous  origin  of  granite,  he  remarked  upon  the  varying 
nature  of  the  mineralogy  of  consecutive  plutonic  outbursts. 

An  essay  almost  as  interesting  and  as  suggestive  as  that  just 
mentioned  was  written  by  Forbes  in  1869,  on  "  The  Nature  of  the 
Interior  of  the  Earth.''  This  essay  is  especially  useful,  as  it  places 
the  opinion  of  Delaunay  in  opposition  to  that  of  Mr.  Hopkins 
regarding  the  influence  of  a  liquid  interior  upon  precession  and 
nutation,  and  as  it  insists  upon  the  possible  relative  increase  of 
infusibility  under  great  pressure.  Forbes,  moreover,  quotes  Pal- 
mieri's  observations  on  the  tidal  phenomena  of  the  eruptions  of 
Vesuvius  against  the  opinion  of  the  merely  local  source  of  origin  of 
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Yokaoic  pbeaome&a.  UnaUy,  after  recogmzuig  tliat  the  intenial 
specific  density  of  the  earth  most  depend  npon  something  more  than 
pressorey  the  result  of  gravitationy  he  retams  to  the  suggestion  made 
in  the  p^>er  already  noticed,  regarding  the  presence  of  the  hearier 
metals  centrally. 

Erer  active  in  scientafie  inquiry,  and  lahouring  in  t^e  direction  of 
metamorphic  changes,  he  hecame  an  adept  in  the  em^o jment  <tf  the 
microscope  in  rock-studies ;  and  it  was  hcfped  that  his  great  aeries  of 
analyses  would  have  resulted  in  a  work  on  petrology. 

Much  of  his  time  was  occupied  by  the  Iron  and  Sted  Institute,  of 
which  he  was  the  Foreign  Secretary,  and  also  in  professional  labours 
in  nearly  ereiy  country  in  Europe  and  latterly  in  Spain*  But 
communications  came  from  his  pen,  espedaUy  to  the  '  Oec^ogioal 
Magazine '  and  to  the  Anthropological  Society,  and  he  still  found 
time  to  fulfil  ^e  onerous  duties  of  Secretary  to  this  Society. 
Upwards  of  fifty  papers  were  written  by  him,  besides  his  elaborate 
reports  for  the  Iron  and  Steel  Institute. 

A  great  linguist^  a  most  genial  companion  and  loving  friend,  and 
a  man  possessed  of  great  eneigy,  he  was  wounded  in  sforit  by  the 
loss  of  his  wife,  who  was  singularly  adapted  to  his  tone  of  mind. 
Getting  into  weak  health,  he  died  suddenly  on  Bee  5th,  1876,  and 
only  a  few  days  after  he  had  taken  part  in  a  discussion  at  one  of  the 
meetings  of  this  Society. 

Elkakah  BiLLnres,  F.G.S.,  was  bom  in  the  township  of  Glou- 
cester, near  Ottawa,  Ontario,  on  the  5th  May,  1820,  and  died  in 
1876,  at  the  age  of  56  years.  His  family  came  originally  from 
Wales,  and  settled  in  the  New-England  States,  but  subsequently 
removed  to  Canada.  Mr.  Billings  was  educated  partly  at  Ottawa 
and  partly  at  Potsdam,  in  the  State  of  New  York.  Entering  the 
Law  Sodety  of  Upper  Canada  as  a  student  in  1840,  he  was  called 
to  the  Bar  in  1845.  He  practised  first  in  the  town  of  Benfrew,  and 
afterwards  in  Ottawa,  or  Bytown,  as  it  was  then  called.  While 
residing  in  the  latter  place  he  seems  to  have  found  the  study  of 
nature  more  congenial  to  his  tastes  than  the  formalities  of  the 
Courts;  but  whether  this  was  the  case  or  not,  it  is  cextain  that 
he  began  to  devote  much  of  his  time  to  odlecting  the  organie 
remains  of  the  ^urian  rocks  of  the  neighbourhood,  and  amawied 
in  particular  a  fine  and  almost  unique  series  of  Cystideans  and 
Crinoids,  which  he  ultimately  presented  to  the  Museum  of  the 
Geological  Survey  of  Canada. 
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His  earliest  contributions  to  the  literatoie  of  science  were  a  few 
letters  on  geological  sabjects  which  appeared  in  the  Ottawa '  Citizen;' 
but  the  first  palsBontologioal  papers  of  any  consequence  from  his  pen 
were  a  couple  of  articles  '^On  some  New  Qenera  and  Species  of 
Cystidea  from  the  Trenton  limestone/'  which  were  published  in  the 
Journal  of  the  Canadian  Institute  of  Toronto  for  1854. 

In  1856  Mr.  Billings  commenced  the  publication  of  the  *'  Canadian 
Naturalist  and  Geologist '  as  a  monthly  magazine,  of  which  he  was 
both  editor  and  proprietor.  Out  of  a  total  of  sixty-three  papers  in 
the  first  volume  of  the  new  Tcnture,  fifty-five  were  either  written 
or  compiled  by  him.  Since  1857  the  '  Naturalist '  has  been  edited 
by  a  Committee  of  the  Natural-History  Society  of  Montreal ;  but 
Mr.  Billings  was  always  an  active  member  of  this  Committee,  and 
there  is  scarcely  a  volume  of  the  journal  to  which  he  did  not  con- 
tribute. 

The  merit  of  Mr.  Billings's  descriptions  of  fossils  and  his  zeal  in 
their  study  did  not  escape  the  notice  of  Canada's  veteran  geologist, 
the  late  Sir  W.  E.  Logan.  Accordingly,  in  1856,  Sir  William  offered 
Mr.  Billings  the  position  of  Pale&ontologiBt  to  the  G^logical  Survey 
of  Canada,  an  appointment  which  was  at  once  accepted.  In  the 
same  year  Mr.  Billings  removed  to  Montreal,  the  headquarters  of 
the  Survey,  and  entered  on  the  discharge  of  his  new  duties,  which 
he  continued  to  perform  with  equal  credit  to  himself  and  advantage 
to  the  country  up  to  the  time  of  his  death. 

His  principal  memoirs  during  his  twenty  years  of  office  are  an 
illustrated  monograph  on  the  Lower  Silurian  Cystidea  and  Asteriadae, 
also  another  on  the  Crinoidea  of  the  same  formation,  which  together 
form  Decades  3  and  4  of  '  Canadian  Organic  Eemains ; '  the  palaeon- 
tological  determinations  in  the  'Geology  of  Canada'  for  1863; 
*  PalaBOZoic  Fossils,'  vol.  i.  with  426  pages  and  401  woodcuts, 
published  at  Montreal  in  1865;  part  2  of  the  second  volume  of 
ditto,  issued  in  1874 ;  and  *  Catalogues  of  the  Silurian  Fossils  of  the 
Island  of  Anticosti,'  Montreal,  1866.  He  wrote  numerous  palaeonto- 
logical  papers,,  not  only  for  the  '  Canadian  Naturalist,'  but  also  for 
the  'American  Journal  of  Science  and  Arts.'  He  was  an  able  de- 
scriber  of  Corals,  Brachiopoda,  Trilobites,  and  Graptolites. 

Mr.  Billings  was  for  many  years  one  of  the  Vice-Presidents  of  the 
Natural-History  Society  of  Montreal,  and  was  elected  a  Fellow  of 
the  Geological  Society  of  London  in  1858. 

In  1862  he  was  awarded  a  bronze  medal  in  Class  1  by  the  jurors 
of  the  International  Exhibition  of  London,  and  a  similar  one  at 
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the  Expontioii  UmrerseDe  of  Pmris  in  1867.  In  the  latter  ^mr, 
also,  be  was  presoited  with  the  sOrer  medal  of  the  Xatnnl-Histoiy 
Sodetj  of  Montreal  as  a  mark  of  its  appredaticm  of  his  ^  long-eon- 
tinned  and  saccesBfnl  labours  in  Canadian  Seienee.* 

As  a  direraion  from  bis  almost  nnremitting  paleontological  re- 
seardieSf  Mr.  Billings^  at  different  periods  of  his  Hfe,  oeenpied 
himself  with  the  stndj  of  mineralogj  and  entomologj.  Among 
insects,  his  faroorite  gronp  was  the  Coleoptera,  and  he  made  an 
extenstre  cdlection  of  Canadian  beetles,  which  a  few  years  since  he 
deposited  in  the  Mosentn  of  the  Natnral-Histoiy  Society  of  Montreal. 

like  many  other  original  thinkers,  Mr.  Billings  was  entir^y  self- 
taogbt,  BO  £ftr  as  science  was  eoncemed ;  and  those  who  were  best 
qualified  to  form  an  opinion  on  both  points  knew  not  which  to 
admire  most,  the  nntiring  industry  of  the  man,  or  the  conacientioQs 
thorongbness  of  his  woik.  To  show  that  he  spared  no  pains  to 
increase  his  knowle^e  of  the  science  which  he  made  peeoliarly  hb 
own,  it  may  be  mentioned  that  he  learned  to  translate  with  ease 
palseontological  essays  written  not  only  in  the  French  and  (rerman, 
but  also  in  the  Norwegian,  Swedish,  and  Danish  langoages. 

AnoLPHS  TntoBORB  Bao^reinAST  was  bom  at  Paris  on  the  14th 
January,  1801.  The  son  of  Alexandre  Brongniart,  the  famous 
naturalist,  he  rery  early  renounced  the  medical  profession,  and, 
under  the  guidance  of  his  f&ther,  dcToted  himself  to  scientific  pur- 
suits. In  his  nineteenth  year  he  published  his  first  and  only  zoolo- 
gical paper,  containing  the  description  of  Lhnnadiaj  a  new  genus  of 
Crustacea.  In  the  following  year  he  founded  the  genus  CeratopUris 
for  a  curious  and  anomalous  aquatic  Fern.  In  his  twenty-first  year 
he  published  his  first  paheontological  memoir  on  the  classification 
and  distribution  of  fossil  plants.  He  reviewed  in  this  paper  the 
various  plant-remains  then  known,  and  grouped  them  in  four  classes 
and  nineteen  genera.  This  memoir  is  really  the  starting-point  of 
the  intelligent  study  of  fossQ  plants,  and  from  this  beginning 
M.  Brongniart  continued  his  labours  until,  more  than  any  man,  he 
expounded  the  fragmentary  remains  of  extinct  floras,  and  traced 
their  relations  to  living  plants  and  their  position  in  the  vegetable 
kingdom.  He  was  singnlariy  fitted  for  this  work ;  for  he  already 
had  an  extensive  acquaintance  with  the  structure  and  daasification 
of  living  plants,  and  he  had  so  digested  his  knowledge  that  he  was 
able  to  utilize  it  in  the  exposition  of  these  obscure  fossils.  More- 
over he  was  specially  faithful  to  facts,  and  held  his  imagination 
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in  due  subordination.  He  obtained  little  assistance  from  previous 
workers ;  for  the  views  put  forth  in  iUnstratibn  of  the  affinities  of 
fossil  plants  were  in  general  the  strangest  dreams  that  could  take 
possession  of  an  active  imagination.  All  these  he  swept  away,  and, 
by  careful  induction,  reducing  the  materials  to  scientific  classifica- 
tion, he  founded  the  science  of  Palseontological  Botany. 

For  some  years  he  prosecuted  investigations  into  living  plants, 
publishing  between  1824  and  1827  a  new  classification  of  Eongi,  a 
memoir  on  the  natural  order  Broniacese,  and  several  histological  and 
physiological  memoirs.     The  labours  and  observations  of  six  years 
in  Palaeontology  were  exhibited  in  his  *  Prodrome  d'une  Histoire  des 
Y^taux  fossiles,'  published  in  1828,  and  in  his  great  work,  the 
'  Histoire  des  Y^;etaux  fossiles,'  b^un  in  the  same  year  and  pro- 
secuted for  some  time  with  great  energy.    The  first  volume,  con- 
sisting of  twelve  parts,  and  containing  488  pages  of  letterpress  and 
160  quarto  plates,  was  issued  within  a  few  months.     The  farther 
progress  of  the  work  was  arrested  by  the  author's  ill  health ;  and  it 
was  not  again  resumed  for  a  period  of  nine  years,  and  then  only 
three  additional  parts  were  issued,  leaving  this  great  work  incom- 
plete.    The  *  Histoire '  includes  the  whole  of  the  Cryptogams,  vas- 
cular as  well  as  cellolar,  with  the  exception  of  the  Lycopodiacese, 
to  which  the  later  plates  are  devoted ;  and  the  letterpress  is  suddenly 
stopped  before  the  remarkable  introduction  to  this  natural  order  was 
completed.    Numerous  separate  papers  indicate  his  continued  interest 
in  fossil  botany,  and  in  1839  he  issued  his  well-known  memoir  on 
SigiUana  tlegans.    This  is  a  good  example  of  M.  Brongniart's  faith- 
ful work,  and  of  the  remarkable  collection  of  facts  which  he  inva- 
riably brought  to  bear  upon  his  exposition  of  any  fossiL     He  con- 
tributed, in  1849,  to  the '  Dictionnaire  universel  d'Histoire  natureUe,* 
a  short  and  popular  review  of  fossil  plants  on  the  plan  of  his  '  Pro- 
drome,' exhibiting  their  botanical  affinities  and  classification  and 
their  stratigraphical  distribution. 

M.  Brongniart's  labours  were  not  confined  to  palaeontological 
botany.  Indeed,  large  and  important  as  these  were,  they  were 
equalled  by  his  investigations  into  physiological  subjects,  and  by  his 
publications  on  systematic  botany.  In  whatever  department  of  the 
science  he  worked,  he  exhibited  the  same  extensive  knowledge,  and 
secured  for  himself  the  same  high  position.  Early  in  life  he  took 
his  place  among  the  first  of  living  botanists. 

It  is  worthy  of  notice  that  as  M.  Brongniart  b^an  his  scientific 
life  with  his  labours  on  fossil  plants,  so  the  later  days  of  his  life 
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were  spent  in  the  stndy  of  an  exteDsive  series  of  fruits  from  the 
Coal-measures  of  St  Etienne,  which  formed  the  snhject  of  the  last 
memoir  he  pabhahed.  Not  only  did  he  disdoae  the  eridenoe  of  a 
remarkable  and  varied  gymnospermons  v^getaticm  in  Carboniferous 
times,  bat  the  stmctore  preeenred  in  these  Palseozoic  plants  led  Mm. 
to  suspect  the  existence  of  a  curious  and  yet  unobserved  detail  in 
the  oiganisation  of  the  ovule  of  living  Gymnosperms.  He  did  not 
live  to  complete  these  important  observations,  and  several  pLates 
referring  to  them  yet  remain  unpublished.  M.  Brongniart  was  in 
Paris  during  the  siege,  and  his  health  suffered  seriously  in  that  time 
of  anxiety,  danger,  and  famine.  He  was  never  able  to  shake  off  the 
iojory  his  constitution  then  sustained,  though  he  continued  to  work 
daily  at  the  microscope,  investigating  the  remarkable  structures  he 
was  detecting  in  the  beautiftdly  silidfied  tissues  of  the  plants  of 
St.  Etienne. 

M.  Brengniart  was  elected  a  member  of  the  Academy  of  Sciences 
in  1834,  in  the  place  of  Desfontaines,  and  in  the  same  year  he  was 
appointed  Prefessor  of  Vegetable  Physiology  in  the  Museum  of 
Natural  History.  In  1840  he  was  elected  a  Foreign  Member  of  tiie 
Geological  Society,  and  in  the  following  year  he  received  the  Wd- 
laston  Medal  in  consideration  of  his  important  works  on  fossil  plants. 
In  1862  he  was  elected  a  Foreign  Member  of  the  Boyal  Society,  and 
was  also  appointed  Inspector-General  for  the  Sdenoes  of  the  Uni- 
verBity  of  Paris.  He  was  made  an  Officer  of  the  Legion  of  HoDOor 
in  May  1846. 

Cabl  Friedbich  HxnmicH  Cbbdnsr,  for  many  years  one  of  our 
Foreign  Correspondents,  was  bom  on  the  I3th  Mareh,  1809,  at 
Waltershausen,  near  Gotha.  Ho  received  his  early  education  at  the 
Gymnasium  of  Gotha,  from  which  he  went,  in  1828,  to  Freibeig, 
where  he  studied  for  three  years,  and  afterwards  passed  a  year  at 
Gottingen.  At  the  former  place  the  lectures  of  Naumann  and 
Ereithaupt  exerted  the  most  influence  upon  his  mind ;  at  Gottingen 
he  especially  attended  the  mineralogical  teachings  of  Hansmann 
and  the  lectures  on  juristic  and  financial  matters,  a  knowledge  of 
which  was  necessary  for  the  course  of  life  which  he  had  resolved  to 
follow.  Having  thus  devoted  four  years  to  his  academical  studies, 
he  proceeded  to  the  acquisition  of  more  practical  knowledge,  and 
was  occupied  for  a  year  and  a  half,  under  a  commission  from  the 
Bucal  Government  of  Gotha,  in  travelling  through  Saxony,  Boh^nia, 
and  Silesia.     On  his  return  he  became  mining  assistant  in  linsen- 
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thai,  and  afterwardsy  in  1836,  received  the  appointment  of  Warden 
of  the  Mint,  and  in  1839  of  Bmreyor  of  Mines  in  Gotha.    He  con- 
tinned  in  the  service  of  the  Mining  department  of  his  native  State 
until  1858,  becoming  a  Mining  Conncillor  in  1850  and  State  and 
Mining  Conncillor  in  1854 ;  in  the  latter  capacity  he  had  the  whole 
mining  industry  of  the  Dukedom  of  Gotha  under  his  immediate 
care.     At  the  same  time  the  great  activity  and  conscientiousness 
that  he  displayed  in  the  performance  of  his  duties,  and  the  readiness 
with  which  he  could  adapt  himself  to  business  which  lay  outside  the 
ordinary  course  of  his  affairs,  led  to  his  being  employed  in  various 
capacities,  and  he  became  Ducal  Commissioner  of  the  Thuringian 
Railway,  Director  of  the  life  Assurance  Establishment  of  Gotha, 
and  Managing  Director  of  the  Gas-works  there.     In  the  manage- 
ment of  these  multifarious  concerns  Credner  showed  so  much  capa- 
city for  business  that  he  attracted  the  attention  of  the  Hanoverian 
Government,  by  which  he  was  called  upon,  in  1858,  to  take  the 
position  of  Superior  Mining  Councillor  and  Reporting  Councillor  in 
the  Minishy  of  Finance  in  Hanover.     In  this  important  position, 
which  placed  under  his  guidance  the  great  mining  and  smelting 
industries  of  the  Harz,  the  coal-mines,  and,  indeed,  the  whole  of  the 
mining  works  of  the  kingdom  of  Hanover,  Credner  remained  until 
the  annexation  of  Hanover  by  Prussia  in  1866,  when  he  passed  into 
the  service  of  the  latter  State,  his  first  duties  in  that  service  calling 
him  to  reside  for  about  a  year  in  Berlin,  engaged  in  managing  the 
transfer  of  the  business  of  the  Hanoverian  Mining  Department  into 
the  hands  of  its  new  owners.    This  task  completed,  he  was  nominated 
Joining  Privy  Councillor  and  appointed  to  the  charge  of  the  mining 
district  of  Halle,  which  he  held  from  1868  to  the  time  of  his  death, 
which  took  place,  after  long  suffering,  on  the  28th  September  last. 

Notwithstanding  the  great  amount  of  labour  entailed  upon  him 
by  all  these  official  duties,  Heinrich  Credner  throughout  his  life 
devoted  himself  most  zealously  to  the  scientific  study  of  several 
branches  of  our  science,  especially  mineralogy,  geognosy,  and  palee- 
ontology.  During  his  numerous  journeys  and  excursions  in  various 
parts  of  Germany,  Austria,  and  Switzerland,  he  constantly  made 
collections  illustrative  of  these  departments  of  science ;  and  after  his 
retirement  from  active  life  in  1874,  he  occupied  his  time  in  studying 
and  arranging  these  materials.  But  his  most  important  scientific 
work  consisted  in  the  investigation  of  the  geology  of  those  parts  of 
Germany  which  lay  more  immediately  within  the  range  of  his  pro- 
fessional activity.    He  published  as  early  as  1847  a  '  Geognostische 
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Karto  des  Thiiringerwaldes,'  with  explanatory  text,  which  appeared 
in  1855  under  the  title  of  '  Yersuch  einer  Bildongsgeschichte  der 
geognostiBchen  Yerhaltnisse  des  Thiiringer  Waldes ; '  bnt  his  earliest 
separate  publication  was  an  <  Uebersicht  der  geognostischen  Yerhilt- 
nisse  Thiiringens  und  des  Harzes,'  produced  in  1843.  Later,  in  1863, 
he  published  an  excellent  little  treatise, '  Ueber  die  Gliederong  der 
oberen  Juraformation  und  der  Wealden>Bildung  im  nordw6Btli€^ai 
Deutschland/  and  in  1866  a  '  Geognostische  Karte  der  Unigegend  Toa 
Hannover,'  with  explanatory  text.  These  treatises,  although  noM 
of  them  of  imposing  bulk,  display  evidences  of  most  carefol  and 
intelligent  work  on  the  part  of  the  author ;  and  the  same  may  be 
said  of  the  papers  published  by  him,  chiefly  in  LeonKard  and  BrtMin's 
'  Jahrbuch,'  which  treat  of  geological,  mineralogical,  and  palsonto- 
logical  matters. 

Heinrich  Credner's  merits  were  repeatedly  recognized  by  the  dif- 
ferent governments  which  he  successively  served.  In  1853  he 
received  the  Order  of  Merit,  and  in  1858  the  Cross  of  a  Knight  of 
the  Ernestine  Order  from  the  Sovereign  of  Gotha,  and  in  the  latter 
year  he  received  the  Prussian  Order  of  the  Red  Eagle  in  reoognitioa 
of  his  services  in  connexion  with  the  Thuringian  Railway ;  in  1865 
the  King  of  Hanover  conferred  upon  him  the  Cross  of  the  Guelphie 
Order ;  and  in  1874,  on  his  retirement  from  office,  he  received  the 
Cross  of  the  Third  Class  of  the  Red  Eagle.  His  scientific  aotivify 
also  received  very  general  recognition.  Prof.  Rammelsberg  gave 
the  name  of  Crednerite  to  a  mineral  compound  of  oxides  of  copper 
and  manganese  discovered  by  Credner  himself  at  Friedricharode ; 
and  many  species  of  fossils  have  been  named  in  his  honour.  In 
1872  the  Philosophical  Faculty  of  the  University  of  Halle  conferred 
upon  him  the  honorary  diploma  of  Doctor  of  Philosophy  and  Master 
of  Arts,  and  he  was  an  Honorary  or  Corresponding  Member  of 
several  German  learned  Societies.  He  was  elected  a  Foreign  Cor- 
respondent of  this  Society  in  the  year  1863. 

Among  those  with  whom  he  came  in  personal  contact,  Heinrich 
Credner  appears  to  have  been  exceedingly  popular.  According  to 
Prof.  Giebel,  his  character  stood  very  high  in  every  respect,  and  he 
contributed  greatly  to  the  prc^ess  of  his  favourite  sdences  by  the 
part  he  took  orally  in  the  proceedings  of  the  scientific  meetings  held 
in  those  places  where  his  lot  was  cast.  Two  of  his  three  surviving 
sons  are  following  worthily  in  his  footsteps,  and  one  of  them,  Her- 
mann Credner,  Professor  of  Geology  in  the  University  of  Leipzig, 
already  holds  a  distinguished  place  among  geologists. 
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In  Mr.  T.  Hkathcotb  Wywdbau  the  Society  has  lost  one  of  its 
most  promising  younger  Members.     Bom  at  Holbrook,  Somerset, 
Mr.  Wyndham  was  educated  at  Eton.     He  matriculated  at  Oriel 
College,  Oxford,  and  took  a  first-class  degree  in  Natural  Science  in 
1865.     In  1867  he  was  elected  to  the  Burdett-Coutts  Scholarship, 
and  to  a  Natural-Science  Fellowship  at  Morton  College  also  in  1867. 
Feeling  that  in  geology  the  section  of  Petrology  was  not  receiving  in 
tins  country  its  due  share  of  attention,  he  visited  some  of  the  chief 
schools  of  Mineralogy  and  Petrology  on  the  continent  for  the  pur- 
pose of  afterwards  devoting  himself  to  the  study  of  these  sciences. 
With  this  view  he  on  his  return  made  a  very  valuable  collection  of 
minerals,  and  was  elaborating  a  scheme  for  the  establishment  of  a 
very  complete  petrolc^cal  laboratory  in  and  with  the  aid  of  Morton 
College,  where  he  was  in  the  habit  of  giving  instruction  in  Chemical 
Geology  and  Petrology. 

He  was  also  engaged  at  the  time  of  his  lamented  death  in  writing  a 
text-book  on  the  latter  subject.  Intent  upon  making  himself  master 
of  all  that  had  been  done  both  in  this  country  and  more  especially 
abroad,  and  in  surrounding  himself  with  all  the  best  and  latest 
appliances,  he  had  abstained  for  a  time  from  entering  upon  the  field 
of  original  research.  His  public  work  had  therefore  been  confined 
to  a  few  slight  communications  to  the  Ashmolean  Society,  and  to  the 
results  of  his  two  visits  to  Vesuvius. 

Mr.  Wyndham  was  a  man  most  devoted  and  diligent  in  teaching, 
while  his  courtesy  and  amiability  endeared  him  to  a  large  circle  of 
friends.  Had  he  lived  he  must  have  earned  a  public  reputation  in 
branches  of  our  science  where  labourers  are  scarce,  and  where  the 
loss  of  one  who  had  succeeded  in  making  himself  master  of  his  sub- 
ject is  with  difficulty  replaced.  His  death  took  place  on  the  11th 
November,  1876,  at  the  early  age  of  34. 

The  following  extract  from  a  letter  to  *  The  Times '  by  Dr.  Eol- 
leston,  dated  Nov.  15th,  1876,  will  serve  better  than  any  thing  I  can 
say  to  show  the  estimation  in  which  Mr.  Wyndham  was  held : — 

**  We  have  lost  in  Mr.  Wyndham  a  man  who  for  devotion  and  dili- 
gence in  the  work  of  teaching  was  eminent  even  at  a  time  when  such 
examples  are  not  as  rare  as  they  have  been.  He  showed  further  by  his 
life  and  conversation  that  it  is  a  mistake  to  suppose  that  a  sense  of  duty 
to  young  men  with  examinations  in  prospect  is  incompatible  with 
feelings  of  enthusiasm  for  the  advancement  of  knowledge.  He  was 
willing  to  devote  his  life  to  the  advancement  of  knowledge  in  one 
particular  branch  of  Physical  Science,  and,  had  opportunity  served, 
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he  would  have  actually  done  bo  ;  but  while  cherishing  these  a^nra- 
tions  he  was  consdentiouB^  unhappily  eren  to  oyer-sensitiTeness,  in 
looking  to  the  instruction  and  necessities  of  his  pupils. 

''Mr.  Wyndham  had  faced  the  difficulty  of  reconciling  the  dumm 
of  sdenoe  (which  calls  upon  her  votaries  day  by  day  more  kmdly  to 
take  up  the  cross  of  specialisation)  with  the  claims  of  society  in  the 
highest  sense  of  that  word,  which  calls  upon  all  men  alike  to  sohmit 
to  a  multitude  of  distractions,  and  to  sacrifice  possibilities  of  fune  to 
the  performance  of  duties,  often  obecure,  often  invidious.  Had  he 
lived  longer  he  might,  by  continuing  to  combine  abnegation  of  self 
with  labour  at  learning,  have  shown  that  the  incompatibility  of  rival 
claims  lessens  with  their  elevation. 

'*  Being,  as  he  was,  a  reformer,  it  was  often  his  duty  to  advocate 
measures  which  were  necessarily  distasteful  to  many  among  ns. 
But  on  these  occasions,  as  in  all  otiier  social  undertakings,  Mr. 
Wyndham  illustrated  the  old  and  not  now  sufficiently  recollected 
saying,  '  Un  gentilhomme  est  toujours  gentilhomme ;'  his  couite^ 
and  respect  for  the  feelings  of  oppon^its  in  controversy  being  as 
remarkable  as  his  singularly  many-sided  consideratenees  for  his 
allies  in  any  joint  enterprise,  whether  of  a  serious  or  merely  of  a 
recreative  Idnd. 

*'  Had  he  lived  he  might  have  both  earned  and  obtained  a  per* 
manent  public  reputation ;  as  it  has  unhappiiy  fallen  out,  the  memoxy 
of  him  will  be  limited  by  the  smaller,  yet  stUl  extensive,  circle  of 
his  attached  personal  Mends.  Within  that  circle  it  will  not  be 
short-lived." 

Chbisiiak  Gottfried  EjiREKBERe  was  bom  on  the  19th  April, 
1795,  at  Delitzsch  in  the  province  of  Saxony.  Up  to  his  fourteenth 
year  he  attended  the  school  of  his  native  place ;  in  1810  he  obtained 
a  free  scholarship  in  the  Pforte  Academy,  where  he  had  several  men 
of  note  (as,  for  example,  Leopold  von  Ranke)  among  his  associates ; 
and  he  left  this  institution  in  1815  to  study  theology  at  Leipiig,  in 
accordance  with  his  father's  wish.  But  even  in  the  midst  of  his 
classical  studies  at  the  Academy,  he  had  already  devoted  his  hours 
of  leisure  to  investigations  in  natural  history ;  and  this  bent  of  his 
mind  led  him,  when  he  had  been  a  year  at  the  rniveraity,  to  ex- 
change the  study  of  theology  for  that  of  medicine.  He  completed 
his  academic  studies  in  Berlin,  where  he  attained  his  degree  of 
Doctor  of  Medicine  on  the  5th  November,  1818,  his  inaugural  dis- 
sertation  bearing  the  titie  "  Sylvw  mycologio©  Berolinenscs." 
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In  the  two  following  years  we  find  the  young  doctor  engaged 
with  his  friend  Hemprich  in  sketching  plans  for  a  great  journey  of 
investigation  to  some  distant  part  of  the  earth;  and  the  wishes  of 
both  of  ttiem  were  fulfilled  in  the  year  1820,  when  GeAeral  von 
Minntoli,  who  was  on  the  point  of  starting  on  an  antiquarian 
journey  into  Egypt,  requested  the  Berlin  Academy  of  Sciences  to 
recommend  him  two  young  naturalists  as  companions.    The  Academy 
selected  Ehrenberg  and  Hemprich.     Their  journey  in  common  ex- 
tended into  the  Libyan  desert  as  far  as  the  oasis  of  Jupiter  Ammon 
(Siwah) ;  but  after  their  return  to  Alexandria,  the  two  naturalists 
quitted  the  General's  expedition  in  order  to  carry  on  natural-history 
investigations  on  their  own  account    They  traced  the  Nile  upwards 
as  far  as  Embukohl  in  Dongola,  made  an  excursion  into  the  Fayoom, 
returned  to  Cairo  in  1823,  and  then  examined  the  northern  coasts 
of  the  Eed  Sea  and  especially  the  Sinaitic  mountains.      While 
Hemprich  conveyed  the  collections  they  had  made  to  Alexandria, 
and  remained  in  that  city  awaiting  remittances,  Ehrenberg  remained 
for  six  months  in  Tor,  occupying  himself  principally  with  the  corals 
of  the  Bed  Sea. 

The  two  naturalists  afterwards  undertook  a  third  journey,  into 
Syria  and  CoBlosyria ;  they  penetrated  as  far  as  Baalbec,  and  reached 
the  snowy  summits  of  Lebanon.  Their  ftirther  journey  was  com- 
menced in  1825 ;  it  carried  them  through  Arabia  to  Loheia,  and 
across  to  Massowa  on  the  Abyssinian  coast.  Here  Hemprich  fell  a 
victim  to  fever ;  and  his  friend  committed  him  to  the  grave  on  the 
small  island  of  Toalut.  Ehrenberg  then  made  an  excursion  to  the 
hot  springs  of  Eilet,  and  returned  by  Kosseir  and  Alexandria  to 
Europe  in  1826.  During  the  six  years  of  his  absence  he  lost  nine 
of  his  European  companions  by  death.  In  the  Memoirs  of  the 
Berlin  Academy  for  the  year  1826,  Alexander  von  Humboldt  gave 
a  preliminary  report  upon  these  great  travels  and  the  important 
collections  which  had  reached  Berlin  through  Ehrenberg  and 
Hemprich. 

In  the  year  1827  Ehrenberg  was  made  an  Extraordinary  Professor 
in  the  University  of  Berlin,  and  on  the  application  of  Alexander  von 
Humboldt  obtained,  through  the  minister  Von  Altenstein,  the  means 
of  making  known  the  scientific  results  of  his  travels.  In  conse- 
quence of  this,  two  volumes  of  *  Symbola)  physicee,'  with  copper- 
plates representing  mammals,  birds,  insects,  &c.,  appeared  in  the 
years  1828-1834.  Unfortunately  circumstances  were  unfavourable 
to  a  continuation  of  the  work. 

/2 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


AinrrrBBSABT  addsbss  of  the  pbbsident.  5  a 

to  the  technical  employment  of  theae,  and  of  the  Infusorial  earth  of 
Ebstorf  in  the  LiinehnTger  Haide,  as,  according  to  the  reports  of 
old  writers,  an  earth  serving  for  polishing-purposes  could  be  used 
for  the  manufacture  of  light  building-stones,  capable  of  floating 
i^on  the  water,  and  the  dome  of  the  mosque  of  Saint  Sophia,  the 
celebrated  structure  of  the  Emperor  Justinian,  is  composed  of  such 
■tones.  With  the  hearty  cooperation  of  the  then  director  of  the 
Boyal  Porcelain  Factory,  the  Mining  Privy  Councillor  Prick,  Ehren- 
berg  had  stones  manufactured  from  the  Berlin  material,  which 
proved  from  their  porous  nature  to  be  very  useful,  and  were  employed 
by  the  architect  Hoffmann  in  the  construction  of  the  cupola  of  the 
Jlftnseum* 

In  1845,  at  the  request  of  the  Mining  Department,  Ehrenberg 
made  investigations  on  the  diiOfusion  of  the  infusorial  tufis  in  the 
Eifel ;  in  1847  he  published  his  *'  Beobachtungen  uber  Passatstaub 
and  Blutregen,"  in  the  Memoirs  of  the  Academy  of  Berlin ;  and  this 
was  followed  by  a  long  series  of  papers  in  the  *  Monatsberichte.'  In 
1840  he  had  prepared  his  *  Microgeologie,'  which  appeared  in  1854, 
with  41  copperplates.  The  first  part  of  a  continuation  of  this  work, 
relating  specially  to  America,  appeared  in  1856. 

A  new  field  is  opened  by  his  works  on  the  Greensand  and  the 
illnstrations  of  its  organic  life  (1855),  and  his  communications  on 
the  gradually  advancing  knowledge  of  immense  quantities  of  micro- 
soopic  organic  forms  in  the  lowest  Silurian  deposits  near  Saint 
Petersburg  (1852-62).  His  attention  also  was  vividly  excited  by 
the  recent  investigations  of  the  sea-bottom ;  so  that,  by  the  receipt 
of  samples  of  soundings  from  the  most  different  regions,  he  was 
enabled  to  investigate  thoroughly  the  microscopic  organisms  of  the 
depths  of  the  sea.  In  1872  he  published  a  revision  of  these,  illus- 
trated with  12  plates,  which  was  followed  in  1875  by  a  work  on 
**  die  fossilen  Erd-  und  Felsproben  des  Meeres  imd  Siisswassers  aller 
Lander,  imd  die  Polycistinen-Mergels  von  Barbados"  (with  30 
plates).  Thus,  nearly  to  the  dose  of  his  long  life,  which  took  place 
on  the  27th  June  in  the  year  just  closed  (1876),  he  showed  no  re- 
laxation in  his  activity. 

From  the  year  1839  Ehrenberg  was  an  Ordinary  Professor  in  the 
Faculty  of  Medecine.  From  1842  he  was  Secretary  of  the  Physico- 
mathematical  Class  of  the  Academy  of  Sciences,  of  which  he  had 
been  a  member  since  1827.  In  1839  king  Friedrich  Wilhelm  III. 
conferred  upon  him  the  great  gold  medal  for  Art  and  Science ;  and 
at  the  same  time  the  Crown  Prince  gave  him  a  gold  medal  relating 
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wftdalkf  to  Ehrenberg's  disooTeries ;  the  (HtiI  Gkas  of  the  order 
**  Poor  le  mmte "  ooonted  him  as  one  of  its  membeiB  from  the 
time  oi  its  citohfahment  hj  king  Friediioh  Wilhelm  lY.;  and 
fbreign  honoon  w^xe  not  ^-anting  in  recognition  of  his  ooientific 
merits. 

Quite  in  tiie  eToning  of  hk  life  he  was  gratified  by  the  reo»^  of 
the  kige  gqld  medal  founded  by  the  Dntch  Academy  of  Sdenoes 
ak  Amstodam  in  hoaonr  of  Leenwenho^  the  disooraer  of  the 
InfbsonJ^  and  eonliBEred  for  the  first  tame  mianimonaly  upon 
Ehranberg. 

£hrenbeig*8  work  was  alwmys  exact,  and  his  mierosoopio  ddinea- 
tions,  done  with  no  first-class  instnunoats,  are  magnificoit.  Sereral 
of  his  gcneim  hsTe  lasted  on,  in  spite  of  soological  progress  and 
fmhkm ;  bnt^  as  might  haTS  been  antictpaiedy  great  alterations  have 
been  neeessarr  in  his  classification  ci  the  Foraminifera,  Protozoa, 
and  Coel»it«ata.  Few  geologists  now  remain  to  recollect  the 
astonidiment  with  which  they  recmyed,  in  1836,  the  asseriioa 
thai  large  masses  of  rock,  and  eren  whole  strata,  are  composed  of 
tiie  remains  oi  mierosoopic  animals;  hot  this  assertion  has  been 
confirmed  and  extended  largely  by  Ehroiberg's  fbrther  labours. 
Those  bearing  especially  upon  marine  deposits  were  colleoted  together 
by  him  in  his  cdebrated  memcar  read  in  1872;  andinitmay  befonnd 
careftilly  elaborated  descriptions  of  microoeopic  life  of  the  sea-bottom 
Urom  an  sones,  and  admirable  remarks  npcm  the  rdationship  of  the 
present  and  past  faunas,  and  the  connexion  between  the  progressiiig 
and  former  geological  deposits.  His  industry  was  untiring ;  and  so 
great  was  the  range  of  lua  work,  that  those  who  are  about  to  in- 
Testigate  the  conditions  and  microscopy  of  the  sea-floors  need  to 
search  in  his  pages  before  they  commit  themselTes  to  announcements 
of  discoTcry. 

Hk5xt  Clabk  Bablow,  MJ).,  F.G.S.,  was  bom  at  Kewington 
Butts,  Surrey,  (m  May  12th,  1806.  In  1822  he  was  articled  to  an 
architect  and  surreyor,  but  rdinquished  the  pn^eesion  in  1827,  and 
after  studying  for  some  time  in  Paris,  was  matriculated  as  a  medical 
student  in  the  Tnirersity  of  Edinbur]^  where  he  took  tiie  degree 
of  MJ).  in  August  1837,  but  without  any  intention  of  following  the 
profession.  In  the  ^oing  of  the  next  year  he  went  to  Paris,  and 
in  1840  made  his  first  tour  through  Belgium,  Germany,  and  Holland. 
In  1S41  he  went  for  the  first  time  to  Italy,  where  he  remained 
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nearly  fiye  years,  and  in  December  1845  returned  to  England, 
bringing  home  a  large  collection  of  notes  of  travel,  sketcbes  and 
drawings  of  tbe  yarions  scenes  be  bad  yisited.  In  1846  be  went 
again  to  Italy,  and,  after  spending  two  winters  in  Horence,  extended 
bis  i^ay^  to  Atbens  and  Constantinople,  returning  tbrougb  Hun- 
gary and  Austria.  In  1849  be  again  yisited  Germany,  passing  some 
time  in  Berlin,  Dresden,  and  Prague,  examining  and  making  notes 
on  tbe  yarious  picture-galleries,  museums,  &c.  of  tbese  cities.  In 
1850  appeared  bis  first  printed  paper  on  Dante,  "  Remarks  on  tbe 
Beading  of  tbe  59tb  Yerse  of  tbe  5tb  Canto  of  tbe  *  Inferno ;' "  and 
from  tbis  time  bis  wbole  life  seems  to  baye  been  deyoted  to  tbe 
study  of  tbe  '  Diyina  Commedia.'  In  1852  be  was  again  in  Paris, 
examining  tbe  codices  in  tbe  various  libraries  tbere,  tbe  result  of 
wbicb,  and  of  bis  collations  of  above  150  otber  M8S.  in  Italy, 
Germany,  and  England,  are  given  in  bis  *  Critical,  Historical,  and 
Pbilosopbical  Contributions  to  tbe  Study  of  tbe  Divina  Commedia,' 
publidied  in  1866,  "  in  Commemoration  of  tbe  Sixtb  Centenary  of 
Dante  AUigbieri,**  wbicb  bad  been  celebrated  in  tbe  previous  year. 
It  bad  been  originally  proposed  to  bold  a  festival  in  Italy  in  com- 
memoration of  tbe  great  poet  in  1859,  but  it  was  very  judiciously 
postponed  in  accordance  witb  tbe  recommendation  of  Dr.  Barlow : 
after  pointing  out  tbat  tbe  year  1859  bad  no  "correspondence 
eitber  witb  Dante's  birtb,  deatb,  or  any  remarkable  event  in  bis 
life/*  be  urged  tbat  tbe  proper  year  for  sucb  a  demonstration  would 
be  1865,  tbe  six-bundredtb  anniversary  of  bis  birtb.  A  full  account 
of  tbe  proceedings  of  tbe  tbree  days  (May  14tb,  15tb,  and  16tb)  at 
Florence,  in  wbicb  tbe  Doctor  bimself  took  a  prominent  part,  was 
publisbed  by  bim  anonymously  in  tbe  following  year,  '  Tbe  Sixtb 
Centenary  Festivals  of  Dante  Alligbieri  in  Florence  and  at  Ravenna. 
By  a  Representative.'  Tbe  festival  at  Ravenna  baving  taken  place 
in  June  of  tbe  same  year,  in  consequence  of  tbe  discovery  of  tbe 
bones  of  Dante  in  tbe  latter  city,  about  ten  days  after  tbe  termina- 
tion of  tbe  great  festival  of  Florence,  an  account  of  tbis  most  inter- 
esting discovery  was  forwarded  to  tbe  *  Atbenesum'  (September  9tb, 
1865)  by  our  entbusiastic  DantopbiHst. 

Dr.  Barlow's  numerous  contributions  to  tbe  literature  relating  to 
Dante  and  Italy  were  very  numerous,  and  a  bare  enumeration  of 
tbose  printed  during  tbe  last  five  and  twenty  years  would  occupy 
mucb  space,  witbout  mentioning  tbe  brocbures,  all  bearing  more  or 
less  on  tbe  same  subject,  wbicb  be  bad  from  time  to  time  printed. 
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had  the  advantage  at  first  of  the  cooperatioa  of  Professor  listiiig, 
and  afterwards  the  aid  of  Dr.  Peters,  the  Danish  astronomer,  and 
of  Messrs.  Cavallari,  Boos,  and  Zobel.  Making  Catania  his  chief 
abode,  he  would  stay  away  in  different  parts  of  the  mountain,  and 
especially  at  the  Casa  Inglese,  upwards  of  9000  feet  high,  for  weeks 
at  a  time.  The  toil  of  tramping  oyer  the  lava-fields  and  the  great 
vioissitndes  of  climate  told  upon  his  health,  and  serious  illnesses 
interrupted  the  work,  which  was  nevertheless  perseveringly  carried 
on  till  1843,  when  the  enthusiastic  vulcanist  returned  to  the  north, 
and,  after  visiting  Iceland  and  Great  Britain,  addressed  himself  from 
1845  to  1861  to  the  reduction  and  publication  of  the  materials 
brought  from  Sicily.  The  chief  result  that  has  come  before  the 
pnblio  iE  his  magnificent '  Atlas  of  jGtna,'  consisting  principally  of 
a  map  on  the  scale  of  1  to  50,000,  a  beautiful  example  of  copper- 
plate engraving,  in  which  the  special  lava-streams  of  the  last  several 
centuries  are  distinguished,  each  of  them  by  appropriate  shading, 
and  of  accompanying  views,  which  wero  carefully  checked  for  their 
leading  lines  by  instruments  of  predsion*. 

Appointed  Professor  of  Mineralogy  and  Geology  at  Gottingen,  to 
which  University  he  had  in  1847  prosented  his  fine  cabinets  of 
mineralB  and  crystals,  Waltershausen  continued  from  time  to  time 
his  investigations  of  Etna's  minerals  and  rocks.  His  sketch  and 
atlas  of  Iceland,  1847,  led  to  a  comparison  between  Sicilian  and 
Icelandic  phenomena  in  the  work  '  Ueber  die  vulkanischen  Gesteine 
in  Sicilien  und  Island  und  ihro  submarine  Umbildung,'  1853. 

In  1861  he  gained  the  prize  of  the  Haarlem  Society  of  Sciences 
by  his  treatise  *  On  the  Climates  of  the  present  and  of  the  former 
World,  with  especial  roferonce  to  Glaciers.'  But  the  great  descrip- 
tive work  that  was  to  be  the  parallel  to  the  'Atlas  of  .^na'  was 
never  completed ;  and  we  learn  that,  although  a  large  mass  of  MSS. 
has  been  left  by  him,  only  a  portion  of  it  is  in  a  state  ready  for  the 
printer. 

Those  who  have  enjoyed  the  acquaintance  of  our  late  Associate 
will  have  observed  that  by  the  side  of  his  adherence  to  the  severer 
sciences,  thero  was  within  him  a  strong  leamng  to  poetry  and  the 
fine  arts.  The  mansion  which  he  erected  in  the  outskirts  of  his 
native  town  (a  transplanted  specimen,  as  it  wero,  of  the  Sicilian 
Norman)  was  somewhat  typical  of  these  tastes. 

No  one,  however,  can  have  seen  him  either  in  the  cabinet  or  on  the 

*  A  Taluable  copy  of  the  original  map,  on  a  larger  scale,  ris.  1  to  90,000,  waa 
presented  by  the  author  to  this  Sooietj. 
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monntain-Ade  without  ftdmiiing  that  gentle  and  n^t  loring  spint 
which  oonld  burst  into  an  enthusiasm  like  that  which,  £or  above  fortj 
yean,  dizected  and  brightened  the  great  and  leading  labour  of  his  life. 


It  is  indisputable  that  Uie  aoiaiee  of  Oeology  has  nerer  been  bo 
aedubualy  cultiTated  as  at  the  present  time ;  and  it  is  erident  to  all 
who  are  acquainted  with  its  literature  that  the  vast  aocumuktioBS 
of  earelttllj  obserred  facts  which  are  recorded  year  after  year  aie  c&- 
▼iroDed  by  theories  and  hypotheses  of  great  importance  and  intesest 

Isolated  no  longer  as  a  merely  descriptiYe  science.  Geology  is  now 
Teiy  dependent  upon  those  branches  of  knowledge  whioh  are  exact 
in  their  nature ;  and  with  them  it  increases  in  importanee,  in  the 
breadth  of  its  philosophy,  in  the  height  of  its  aspirations,  and  in  its 
applicability  to  the  wants  of  mankind. 

That  our  science  should  progress  in  all  its  branches,  at  the  present 
time,  is  a  matter  of  great  congratulation  and  satisfaction ;  for  year 
after  year  the  great  leaders  of  Geology — ^the  men  who  consolidated  tiie 
facts  and  enunciated  the  theories  upon  which  its  superstructure  rests 
—complete  their  task  in  t^e  great  evolution  of  human  knowledge. 
They  have  left  us  one  by  one,  and  it  might  have  happened  that, 
in  the  absence  of  its  great  supporters,  the  soienoe  had  suffisred  a 
languid  decadence.  But  the  iUustrious  dead  liye  on  still  in  scieaee 
as  ever-present  energies;  they  are  embodied  in  those  methods  of 
thought  which  characterized  them  and  their  works,  and  whidi  wiH 
influence  Geology  as  long  as  civilization  endures.  Our  gratitude  to 
them  should  never  cease,  and  should  ever  be  expressed  by  the  con- 
stant and  pertinacious  endeavour  to  continue  their  labours  and  to 
support  this  great  and  useful  Society. 

lliey  found  the  well  of  geological  truth  calm,  quiescent,  unruffled, 
and  its  depth  imknown,  in  an  age  of  great  intelleotual  agitation, 
when  prejudices  and  superstitions  scared  away  many  a  student  from 
the  virgin  spring.  They  broke  through  the  trammels  of  public 
opinion  and  braved  a  social  opposition,  happily  now  almost  incon- 
ceivable, and  drank  long  and  deeply  at  that  fount  of  knowledge. 
Ruffling  often  enough  the  dear  surface,  still  the  waves  of  true  pro- 
gress extended  their  circles,  sometimes  crossing,  sometimes  beooming 
apparently  inextricably  confused ;  but  in  the  end  advancing  harmo- 
niously in  all  the  beauty  of  truth,  and  will  persist  in  their  advance  as 
long  as  we  (their  followers)  fdlfil  our  trust  and  duty  to  our  science. 

It  has  been  stated,  and  with  much  truth,  that  Lyell  modified  his 
opinions  during  his  later  years,  and  that  Murchison,  the  type  of  the 
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stratagraphioal  geologist,  liyed  long  enough  to  admit  the  arhitrary 
nature  of  all  the  schemes  of  the  dassiflcation  of  formations ;  but  it 
must  not  be  forgotten  that  they  still  retaLned  their  methods  of  in« 
yestigation^  and  that,  whilst  influenced  by  new  facts  and  the  evident 
fiedlacy  of  many  cherished  hypotheses,  they  kept  prominently  in 
their  minds  the  fundamental  doctrines  of  uniformity  and  continuity 
in  nature,  and  of  the  succession  of  a  series  of  physical  geographies  on 
the  surfjEice  of  the  globe.  These  important  beliefs,  when  modified 
to  meet  the  requirements  of  abstract  physics  and  biology,  form  the 
basis  of  our  science ;  and  as  they  represent  the  everlasting  influence 
of  their  great  propounders,  so  their  necessary  modifications  and 
amplifications  indicate  the  direction  and  nature  of  the  present  satis- 
factory development  of  geological  knowledge  and  thought. 

Strict  uniformitarianism,  as  taught  by  Hutton  and  his  followers, 
asserted  that  the  past  changes  on  the  surface  of  the  globe  resembled 
those  which  are  now  occurring  in  kind  and  degree.  The  first  part 
of  this  proposition  is  philosophical  and  true  in  every  respect ;  and 
whilst  it  rel^^tes  hypothetical  forces  and  supernatural  catastrophes 
to  the  limbo  of  scientific  sand  ropes,  it  places  Geology  in  correlation 
with  the  exact  sciences.  But  it  has  long  been  believed  that  the 
second  part  of  the  dogma  is,  in  the  abstract,  incompatible  with  the 
first,  and  that  it  is  opposed  to  some  of  the  simplest  yet  most  logical 
deductions  from  the  principle  of  the  conservation  of  energy.  Causing 
a  monotony  in  geological  reasoning,  requiring  phenomena  observable 
at  the  present  time  to  have  their  application  strained  unreasonably, 
and  inferring  the  lapse  of  inconceivable  time,  it  has  gradually  been 
modified  or  discredited.  It  is  giving  way  to  a  school  which  insists 
upon  the  recognition  of  a  scientific  cosmogony,  which  attempts  the 
study  of  the  mutations  of  the  globe  from  the  beginning,  from  the  ex- 
ample of  stellar  and  solar  changes,  and  which  considers  tbat  the  prin- 
cipal factors  in  terrestrial  alterations  (the  solar  heat  and  the  residual 
heat  of  the  earth)  are  energies  undergoing  only  a  definite  amount  of 
reversible  and  more  or  less  irreversible  transformation.  Change,  in 
the  language  of  this  school,  is  work  done;  and  the  term  '^ degree" 
relates  to  the  time  in  which  equal  amounts  of  work  were  completed. 
The  gradual  evolution  of  the  globe  and  the  alteration  in  its  con- 
figuration as  a  dynamical  system  have  been  brought  about  during  a 
definite  lapse  of  time  which  bears  a  relation  to  the  diminution  of  tbe 
energy — the  legacy  of  its  stellar  condition.  Moreover,  as  the  consecu- 
tive occurrence  of  the  formation  of  continents,  deep  oceans,  and  moun- 
tain-ranges, indicating  repeated  upheavals,  subsidences,  and  curvings 
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of  the  superficies  of  the  earth,  are  measures  of  force  and  of  a  < 
spending  dissipation  of  energy,  so  the  constant  denudatioo  of  tke 
surface,  which  is  mainly  the  work  of  the  great  centre  of  our  system, 
represents  an  equiyalent  loss  of  its  power.  It  follows,  onda  certain 
reservations,  that  the  degree  of  change  must  hare  diminished  in 
exact  relation  to  the  progressive  loss  of  energy  in  the  two  mate- 
rial systems ;  or,  in  other  words,  that  in  the  earlier  geologioal  ages 
the  extent  and  rapidity  of  the  successive  changes  were  greater  thai 
in  the  modem  example,  that  the  rigidity  of  the  globe  was  less,  that 
the  internal  heat  and  its  expression  in  temperat^ire  at  the  sorfiMe 
were  greater,  and  that  the  meteorology  was  such  that  the  wear  and 
tear  of  world-wide  nature  was  larger  in  its  annual  amount. 

llie  reservations  which  interfere  with  the  definiteneas  of  this 
theory  are  important  and  interesting,  but  the  compoisatory  reauha 
they  indicate  must  have  diminished  commensurately  with  the  more 
positive  terrestrial  changes.  Their  importance  and  interest  depend 
on  the  appreciation  of  the  amount  and  kind  of  the  reversibility  of 
the  transformation  of  energy  over  and  above  that  which  is  indicated 
in  the  grand  natural  phenomena  already  noticed.  For  instance, 
after  recognizing  that  the  vast  curvatures  of  the  outer  part  of  the 
globe,  of  which  there  is  evidence  in  the  formation  of  the  sucoeosive 
oceanic  depressions  and  continental  areas,  are  work  done,  and  that 
the  sharper  foldings  and  curvings  recognizable  as  moontain-ehains 
are  also  instances  of  reversible  transformation  of  eneigy,  it  is  neces- 
sary to  consider  whether  their  formation  wss  accompanied  by  an 
acquisition  of  available  kinetic  energy  which  coold  in  any  way  influ- 
ence the  degree  of  successive  changes. 

The  great  curves  (the  geosynclinals  and  geantidinals  of  Dana)  are 
of  all  ages,  and  implicate  the  hardest  rocks,  and  they  appear  to  have 
moved  in  the  superficies  of  the  globe  as  a  succession  of  waves,  vast 
in  extent.  Indicative  of  persistent,  yet  diminishing  contraotion 
of  the  globe,  their  formation  must  have  been  more  rapid  in  the 
earlier  periods.  They  were  apparently  irregular  in  their  course,  one 
wave  interfering  with  another,  as  heat  was  conducted  to  the  surface 
through  masses  of  mineral  matter  of  different  temperatures,  density, 
and  conducting-power,  and  having  very  different  relative  amounts 
of  contractility.  The  depth  of  rock  which  was  implicated  was  very 
great ;  and  whatever  time  may  have  elapsed  during  the  formation 
of  any  curve,  there  was  motion  of  the  substance  of  its  component 
strata.  Doubtless  the  direction  of  the  movement  was  often  oppo- 
site ;  but  it  was  frequently  direct  and  progressive,  or  oblique,  and 
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finally  more  or  lees  at  right  angles  to  its  original  plane.  It  may  be 
aasnmed  that  the  rate  of  movement,  always  relatiyely  slow,  has  been 
slower  during  the  later  ages;  bnt  there  has  been  oorresponding 
momentum  on  the  grandest  scale,  and  also  pressure  and  shearing 
accompanying  the  motion. 

There  is  some  positive  evidence,  besides  that  of  .an  inferential 
nature,  that  the  rate  of  motion  of  these  very  large  curves  was  greater 
formerly ;  for  atoll  and  deep-barrier-reef  coral  formations  are  not 
recognized  in  the  Palseozoic  and  Mesozoic  series.  They  are  no- 
ticed first  of  all  in  the  Tertiary  deposits.  But  all  the  coral  forma- 
tions of  previous  ages  appear  to  have  been  either  fringing  reef 
or  shallow-water  banks.  They  formed  lenticular-shaped  masses 
of  limestone,  or  strata  of  very  even  thickness  over  considerable 
areas,  but  not  of  vast  depths,  and  enclosing  more  or  less  supporting 
mountains.  Atoll  formations  require  a  subsidence  of  a  more  or 
less  submerged  mountain  at  a  rate  commensurate  with  the  upward 
growth  of  the  reef-building  coral,  due  allowance  being  made  for  the 
wear  and  tear  of  the  reef  by  the  waves.  If  the  subsidence  is  too 
rapid,  the  reef  is  drowned ;  and  if  it  is  carried  below  the  30-fathom 
Hne,  the  coral  grows  no  longer.  If  the  subsidence  is  too  slow,  no 
depth  of  limestone  results,  and  the  coral  island  is  formed.  At  pre- 
sent the  rate  of  subsidence  is  unequal ;  but,  on  the  whole,  as  gleaned 
from  the  number  of  islands,  it  is  much  less  than  formerly.  The 
great  age  of  atoll-building  has  passed,  and  it  may  be  said  to  have 
been  fully  developed  towards  the  close  of  the  Miocene  period,  and  to 
have  been  more  or  less  synchronous  with  the  production  of  the  great 
geantidinal  land-movements  which  accompanied  the  continental 
elevations  and  mountain-formations  of  that  period. 

It  is  conceivable  that  the  shear  of  the  particles  of  the  moving 
strata,  and  especially  of  those  of  masses  of  deep,  unstratified,  hypo- 
gene  rocks,  and  the  compressing  influence  of  the  syndinally  curving 
cones,  produced  an  amount  of  metamorphosis  and  vulcanidty  in 
addition  to  that  which  has  been  the  regular  attendant  of  the  direct 
influence  of  residual  heat.  This  certainly  would  prolong  the  time 
of  secular  cooling,  and  would  cause  it  to  be  irregular. 

It  will  be  necessary  to  revert  to  this  subject  after  considering  the 
less  hypothetical  but  very  cognate  results  of  some  of  the  phenomena 
of  the  minor  curvings  of  strata  within  the  great  curvatures. 

A  study  of  the  results  of  the  orographical  surveys,  and  of  sections 
of  such  great  mountain-masses  as  the  Alps,  Himalayas,  and  the 
Kocky  Mountains,  afiords  abundant  proof  that  these  areas  extended 
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iiar  bejond  their  present  lateral  botrndaries  befbie  the  actkn  of  i}am 
forces  whose  intensities  are  measured  by  the  corving,  fd^ng^  re- 
versing,  and  npheaval  of  the  strata.  In  fSact  eveij  m0aiitai]i*iaiige 
affords  proof  of  the  operation  of  forces  which  have  moved  the  on- 
ginally  horizontal  strata  into  a  smaller  horizontal  space  or  bfeadllL 
There  has  been  motion  on  a  large  scale,  and  the  consiitiieots  of  ^ 
strata  have  been  forced  together  in  opposite  directioiiSy  somedmies 
one  lateral  force  determining,  by  its  superiority,  obliquity  of  motioB, 
and  even  absolute  progression  of  the  whole.  They  have  been  made 
to  occupy  increased  vertical  dimensions,  and  there  has  been  move- 
ment of  one  stratum  over  another  and  of  particle  over  partide. 

In  assuming  the  increased  vertical  bulk,  gravitational  energj  has 
been  produced ;  and  in  the  shear  (the  result  of  all  the  movem^it  over 
and  above  that  which  has  occurred  in  opposite  directions)  there  has 
been  an  acquisition  of  certain  amounts  of  available  kinetic  eneigy ;  and 
these,  bearing  a  relation  to  the  rate  of  movement,  are  to  be  measured 
by  the  altered  direction  of  the  particles  (as  in  slaty  cleavage),  the 
deformity  of  masses  (as  in  the  altered  shape  of  stones  and  fossilsX 
and  by  the  metamorphic  condition  of  the  whole.  A  certain  amount 
of  heat  must  have  always  |>een  produced ;  but  usually  it  appeals  to 
have  been  simply  sufficient  to  assist  percolating  waters,  charged  with 
minerals  and  gases,  in  the  production  of  metamorphosia.  Thae  are 
no  evidences  of  the  production  of  a  temperature  sufficient  to  fuse 
rock  in  great  mountain-masses  of  slate,  where  there  are  abundant 
proofs  of  the  former  motion  and  pressure ;  and  on  the  south  side  of 
the  geological  axis  of  the  Himalayas  the  so-called  crushed  rock  is 
environed  by  the  results  of  ordinary  metamorphism  alone.  Never- 
theless very  considerable  masses  of  rock  must  have  had  their  tem- 
perature raised. 

But  it  has  been  ably  argued  that  volcanic  phenomena  are  in 
relation  with  the  formation  of  the  great  curvatures  of  the  crust  and 
of  mountain-masses. 

Thu^  Mallet  has  taught  that  crushing  of  the  crust  occurs  as  it 
follows  down  after  the  shrinking  nucleus,  the  contraction  being  due 
to  its  constant  loss  of  heat ;  and  that,  through  the  work  done  in  that 
crushing,  there  has  been  the  production  of  a  definite  amount  of  heat 
that  is  productive  of  vulcanidty. 

The  nucleus  supplies  the  greatest  amount  of  the  heat  which  u 
gradually  dissipated  at  the  surface  of  the  earth ;  and  as  it  is  hotter 
than  the  crust,  it  contracts  most  for  a  given  amount  of  cooling. 
According  to  this  theory,  the  rock  crushes  under  the  combined  in- 
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flnenoe  of  grayitation  and  lateral  thnist ;  and  the  amount  of  any  heat 
which  may  be  produced  must  bear  a  relation  to  the  rate  of  move- 
ment of  the  particles  of  the  rocks  implicated.  The  rate  of  movement 
would  appear  to  have  been  greatest  at  the  periphery,  or  in  the 
highest  curves  of  the  mountarns ;  but  it  has  already  been  noticed  that 
they  do  not  afford  indications  of  the  production  of  much  heat  and 
certainly  not  sufficient  to  fuse  rock ;  so  tiiat  if  vulcanicity  is  to  be 
developed  lower  down,  but  still  at  no  great  depth,  increased  gravita- 
tional energy  must  compensate  for  the  insufficient  rate  of  movement. 
So  far  as  mountains  are  concerned,  the  greatest  stress,  shear,  and 
pressure  must  exist  at  the  junction  of  a  synclinal  with  the  base  of 
the  great  anticlinal  ridges  of  the  few  antidinoria  which  are  on 
the  line  of  strike  of  the  greatest  mountain-masses  (which  are  almost 
invariably  in  syndinoria). 

The  phenomena  of  vulcanicity  are  seen  there  in  some  instances, 
and  in  one  they  are  to  be  observed  on  a  grand  scale.  It  is  in  one  of 
tiiose  interesting  areas  whose  geology  science  owes  to  the  admirable 
intelligence  and  perseverance  of  our  American  brethren*.  The 
Uinta  Mountains,  which  cover  a  part  of  the  country  east  of  the  Sierra 
Nevada,  west  of  the  great  plains  and  south  of  the  North  Platte,  are 
a  great  range  carved  from  an  anticHnal  fold,  the  axis  of  which  hat 
an  easterly  and  westerly  bend,  and  is  more  than  150  miles  in  length. 
It  terminates  abruptly  against  the  Wasatch  Mountains  on  the  west, 
and  is  cut  off  by  the  short  abrupt  anticlinal  of  Junction  Mountain 
on  the  east,  the  latter  having  its  axis  in  a  north  and  south  direction. 
The  axis  of  this  long  flexure  has  been  elevated  about  30,000  feet 
above  the  level  of  the  sea,  and  28,000  feet  above  the  adjoining  country. 
From  flank  to  flank  the  flexure  is  about  50  miles.  The  whole  con- 
sists of  a  high,  long,  and  broad  tableland,  and  upon  it  are  elevated 
valleys  and  peaks ;  but  it  is  a  vast  anticlinal  with  prodigious  faults 
at  its  margins  and  along  the  line  of  strike  on  either  flank.  The 
sharp  lateral  flexures  lead  to  faults,  and  on  the  north  side  there  is  a 
downthrow  of  30,000  feet.  In  the  plateau  region  of  the  same  area, 
of  which  a  section  and  the  bird's-eye  view  comprehending  the  plateau 
north  of  the  grand  canon  of  the  river  Colorado  of  the  west  may 
be  considered  typical,  there  is  an  anticlinal  outline  to  the  structure 
of  the  district,  the  curve  being  flat,  broad,  and  faulted  along  the 
strike;  and  the  rest  of  the  district  consists  of  huge  blocks  faulted 
and  tilted  in  broad  masses,  the  whole  having  had  an  original  anti- 

*  Beport  on  the  Geolog}'  of  the  Eartem  portion  of  the  Uinta  MountidnB. 
Department  of  Interior,  U.-S.  QeoL  Sttryey,  J.  W.  FowelL  Washington,  1876* 
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dinal  conformation.  Still  more  westerly  are  short  ranges  of  older 
rooks,  of  metamorphic  crystaUine  sclustB  with  Palieosoic  beds  on  their 
flanks,  oonstitating  the  Basin  province  whose  streams  empty  into 
salt  lakes,  the  Great  Salt  Lake  being  amongst  the  number.  Their 
ocmformation  is  remarkable  in  tiie  extreme ;  for  it  is  a  land  of  parallel 
and  almost  yertical  faults,  separating  monoclinal  ridges  and  bonnding 
narrow  syndinals,  and  of  ranges  bnilt  of  faulted  and  dislocated  rock* 
masses  with  an  imperfect  anticlinal  arrangement. 

The  able  surveyor  of  this  broken  country  remarks  **  that  the  struc- 
ture of  the  Basin  range  system  stands  in  strong  contrast  with  tiie 
Appalachians;  for  in  tiie  latter  corrugation  has  been  produced 
commonly  by  folding,  exceptionally  by  faulting,  and  in  the  former 
oonmionly  by  fiiulting,  and  exceptionally  by  folding.  The  regular 
altematicms  of  curved  antidinals  and  synclinals  of  the  Appalachians 
demand  the  assumption  of  great  horixontal  diminution  of  the  space 
covered  by  the  disturbed  strata,  and  suggest  lateral  pressure  as  the 
immediate  foroe  concerned ;  while  in  the  Basin  ranges  the  displace- 
ment of  comparatively  rigid  bodies  of  strata  by  vertical  or  nearly 
vertical  fietults  involves  little  horizontal  diminution,  and  suggests  the 
application  of  vertical  pressure  from  below."  The  opinion  of  the 
describer  is  clearly  that  there  has  been  a  vertical  uplift  along  lines 
of  f&ult ;  but  it  would  appear  that  the  general  configuration  may 
have  been  one  of  long,  low  antidinals  separated  by  short  syndinala, 
that  the  faulting  has  been  subsequent,  and  that  the  ranges  have 
been  the  result  of  downthrows  of  different  magnitudes. 

These  three  provinces  run  one  into  the  other ;  and  the  pres^it 
condition  relates  to  a  great  series  of  movements  implicating  the 
whole,  lasting  more  or  less  since  the  Cretaceous  epoch,  and  ac- 
companied by  enormous  denudation.  The  upheaval  was  greatest 
in  the  district  first  noticed,  and  least  in  the  last.  It  is  clearly  an 
area  on  which  volcanic  phenomena  should  have  prevailed  <m  Mr. 
Mallef  s  theory.  In  tact  the  complexity  of  the  countiy,  to  use  the 
words  of  the  surveyor,  "  is  greatly  increased  by  reason  of  the  floods 
of  lava  which  have  been  poured  out  here  and  there  over  the  raitire 
area,  and  now  and  then  from  the  Cainozoic  up  to  the  present  time. 
And  all  these  floods  of  lava,  all  these  thousands  of  eruptive  moun- 
tains, thousands  of '  mesa'  sheets  and  cones  testify  to  a  period  of  great 
volcanic  activity,  while  the  r^on  was  in  fact  a  great  continental 
area."  But  the  lava-flows  and  the  volcanic  eruptions  proceeded 
pari  passu  with  the  upheaval  and  faulting,  and  they  lasted  on 
possibly  dose  to  the  human  period. 
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Considermg  all  the  data,  it  is  quite  possible  that  much  of  the 
energy  which  has  produced  this  vast  series  of  flows  and  eruptions 
was  kinetic ;  for  the  moyements  over  the  area  were  frequent,  and 
lasted  through  the  period  occupied  by  the  volcanic  phenomena — ^that 
is  to  say,  from  the  end  of  the  Cretaceous  series  to  the  formation  of 
the  Bridger  group.  Nevertheless  it  is  reasonable  to  admit  that  all 
the  phenomena  may  have  been  caused  by  hydrothermal  action, 
assisted  by  the  relief  given  to  deeply  seated  and  highly  heated  rocks, 
by  the  diminution  of  their  pressure  as  the  vast  anticlinal  system  was 
formed.  In  this  case  there  would  be  dissipation  of  potential  energy, 
and  in  the  former  a  certain  amount  of  maintenance  of  available 
kinetic  energy,  during  a  long  period. 

It  appears  that  some  of  the  grandest  volcanic  phenomena  relate, 
in  a  more  or  lees  complicated  manner,  to  the  vast  primary  geo83rnclinal 
and  geantidioal  curves  already  noticed ;  and  it  is  possible  that  the 
loss  of  residual  heat  may  be  compensated  for  by  much  which  is  pro- 
duced during  the  movements  of  the  masses  implicated  in  them. 
But  in  attempting  to  realize  this  possibility,  the  minor  example  of 
the  production  of  heat  during  the  development  of  mountain-chains 
can  afford  the  only  grounds  for  argument,  which  is  therefore  un- 
satisfactory. But  the  influence  of  the  curving  of  great  depths  of 
the  crust  upon  the  more  heated  zones  below,  in  increasing  the  pressure 
in  one  area  and  in  diminishing  it  in  another,  and  therefore  in  altering 
the  fusibility,  appears  to  be  very  important.  If  it  is  admitted  that 
at  certain  times  oceanic  tracts  are  areas  of  subsidence,  and  continents 
are  areas  of  more  or  less  continuous  elevation,  the  floor  of  the  ocean 
is  the  upper  part  of  a  geosynclinal,  and  the  land  of  a  corresponding 
geanticlinal.  The  cord  of  the  arc  of  these  curves  is  so  long  that  any 
movement  appears  to  be  directly  upwards  and  directly  downwards. 
Where  the  two  curves  join,  as  they  are  really  produced  by  resolved 
tangential  thrust,  there  is  a  region  of  stress  and  irregular  movement. 
Its  position  is  dose  to  where  there  is  a  sinking  sea- floor  and  a  rising 
land  ;  and  that  is  the  line  peculiarly  favourable  to  the  development 
of  volcanic  cones  in  all  their  grandeur.  There  is  along  such  a  line 
a  belt  of  deeply  seated  rock  in  what  may  be  termed  a  condition  of 
unstable  equilibrium,  liable  to  faulting  and  to  ready  penetration 
by  volcanic  pipes.  On  the  one  side  there  is  the  downward  curve 
causing  increased  pressure  on  the  subjacent  masses  of  deep  crust, 
and  on  the  other  this  pressure  is  much  less  and  the  opportunities 
for  fusing  all  the  more.  The  position  of  the  plane  of  instability 
dose  to  the  sea  affords  opportunity  for  the  passage  of  water,  thus 
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adding  to  the  possibiliiy  of  vulcanicity  on  a  great  scale.  The  tqI- 
canic  belt  encircling  the  Pacific  is  a  striking  instance  of  a  Hoe  of 
vents  along  the  margin  of  two  vast  curves ;  and  Uiere  aze  many 
similar  examples  in  the  former  distribution  of  volcanoes.  Take 
the  instance  of  that  vast  mass  of  igneous  rocks,  even  now  3500  feet 
thick,  with  interstratified  lake-beds  and  with  numerous  pipes  indi- 
eating  its  subaerial  origin,  which  is  called  the  Deccan  Trap  of 
Western  and  Central  Hindostan.  Covering  now  more  than  200,000 
square  miles,  it  is  situated  geologically  on  the  confines  of  the  Cre- 
taceous sea,  and  it  covers  an  old  land-surface  produced  by  the  npme 
of  the  Cretaceous  rocks  in  great  breadths  during  the  initiatoiy ^period. 
Of  the  same  general  age  as  the  volcanic  outbursts  of  the  west  of  the 
United  States  in  Uinta,  it  testifies  to  the  influence  of  the  slower  and 
grander  movements  of  the  crust,  in  occasionally  producing  secondary 
results,  but  in  the  main  rather  furthering  the  dissipation  of  the 
potential  energy  of  the  globe.  So  far,  then,  as  the  changes  in  the 
earth  and  in  its  rocks  are  concerned,  there  does  not  appear  to  hare 
been  that  great  amount  of  compensation,  and  practically  they  may 
be  said  to  have  diminished  in  degree  irregularly,  period  after 
period.  Under  these  views  strict  uniformitarianism  is  impossible  in 
degree. 

There  are  some  thoughts  which  arise  in  the  mind  during  the  con* 
Ridcration  of  the  time  of  accumulation  of  vast  depths  of  fossiliferoos 
strata,  associated  with  no  evidences  of  metamorphism ;  these  may 
be  stated,  probably  for  the  first  time,  as  follows : — 

The  production  of  heat  during  the  contraction  of  the  outer  rock- 
zones  of  the  globe  being  an  inevitable  and  necessary  physical  pheno- 
menon, its  consideration  opens  out  some  important  lines  of  thought, 
which  may  strongly  influence  geological  theories.  The  questions  arise 
— Is  the  temperature  of  the  deeply  seated  rocks  in  mines  and  wcUs  or 
in  the  midst  of  mountain-masses  the  immediate  result  of  the  con- 
duction of  heat  from  the  hypothetical  nucleus  ?  Is  this  temperature 
an  evidence  of  residual  heat  and  simple  cooling  alone,  or  is  it  almost  en- 
tirely duo  to  the  resulting  stress,  shear,  and  chemical  action  ?  Many 
facts  arc  in  favour  of  the  latter  mode  of  origin  of  the  heat  of  the  outer 
zones  of  the  earth  during  the  later  geological  periods ;  that  is  to 
say,  that  the  original  heat  of  impact  and  chemical  combinatioo, 
after  producing  the  deformation  of  the  globe  and  perhaps  the  grand 
outlines  of  the  primary  geosyndinals  and  geanticlinals,  ceased,  even 
in  the  early  ages  of  organic  nature,  to  be  of  sufllcient  importance  to 
produce  more  than  a  very  slight  elevation  of  the  temperature  of  the 
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rocks  for  many  thonsands  of  feet  below  the  surface.  The  details  of 
the  rate  of  increase  of  temperature  with  depth  do  not  point  everywhere 
to  a  r^ular  rate  of  increase  according  to  the  laws  of  heat,  and  the 
limited  depth  of  the  seismic  foci  testify  against  the  ordinarily  received 
theory.  Moreover,  in  examining  many  great  series  of  sedimentary  strata 
which  could  only  have  accumulated  at  great  depths,  and  which  must 
have  been  tens  of  thousands  of  feet  below  the  surface  (for  instance, 
daring  the  Palaeozoic  ages),  the  absence  of  the  effects  of  commensu- 
rate and  contemporaneous  heat  is  often  very  striking.  The  absence 
of  metamorphic  rocks,  or  of  the  evidence  of  the  action  of  an  elevated 
temperature,  is  notorious,  where  at  the  present  time,  in  corresponding 
situations,  they  should  be  distinct  enough ;  and  such  absence  relating 
to  the  remote  past  is  most  significant.  The  structure  of  the  Himalayas 
to  the  north  of  the  central  gneissic  axis  is  that  of  a  vast  series  of  com- 
paratively unaltered  sedimentary  fossiliferous  strata,  curved,  folded, 
sometimes  reversed,  and  upheaved.  On  the  south  such  strata  are  not 
to  be  recognized,  except  on  the  flanks,  and  the  foldings,  contortions, 
and  dislocations  are  in  excess.  There  are  great  breadths  there  of  moun- 
tains without  a  fossil,  and  metamorphism  prevails.  There  is  probably 
no  difference  in  the  age  of  the  two  zones,  and  the  lowest  beds  of  the 
northern  zone  must  have  been  quite  as  deeply  situated  in  the  crust, 
during  the  Secondary  and  Tertiary  epochs,  as  the  corresponding 
strata  of  the  southern  slope.  The  anomaly  is  explicable,  as  is  also 
the  condition  of  the  deeply  seated  unmetamorphosed  rocks  of  other 
hills,  by  dismissing  the  influence  of  conducted  residual  heat  as  of 
little  or  no  importance,  and  by  acknowledging  that  the  rate  of  move- 
ment within  the  curving  rocks  determined  conunensurate  physico- 
chemical  changes. 

It  must  be  acknowledged  that  a  permanent  increase  of  a  few  de- 
grees of  the  temperature  of  the  waters  would  kiU  off  many  species, 
and  that  the  whole  fauna  and  flora  would  cease  to  exist  were  the' 
average  heat  double  what  it  now  is.  The  same  result  would  follow 
a  moderate  increase  of  the  heat  of  the  soil  with  regard  to  the  plants. 
Now  if  the  estimated  amount  of  heat  radiated  year  by  year,  after 
conduction  from  within,  relates  entirely  or  mainly  to  a  former  much 
greater  annual  average,  all  being  residual  in  its  nature,  the  question 
of  the  possible  lapse  of  time  since  the  surface  was  cool  enough  to 
permit  of  Hfe  arises,  and  it  has  been  ably  used  in  argument 
against  absolute  uniformitarianism.  It  appears  to  those  who  have 
seen  great  depths  of  fossiliferous  deposits  in  several  formations, 
in  more  than  one  country,  that,  leaving  alone  the  inorganic  sedi- 
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ments,  the  time  wliich  they  took  to  accumulate  is  incooeeiTahk. 
And  the  more  the  aid  of  the  naturalist  is  sought  the  greato'  does  Uds 
lapse  of  time  seem ;  for  the  rate  of  growth  of  many  Mc^usca  is  imtv 
pretty  well  known,  and  this  information  gives  a  minimuTn  in  a  cal- 
culation regarding  successiye  deposits  which  is  always  startHiig. 

With  regard  to  the  great  thicknesses  of  deep-sea  deposits,  I 
have  satisfied  myself,  from  late  researches,  that  the  rate  of  depo- 
sition is  extremely  slow.  Thus  an  electric  cable  was  laid  dowa 
in  the  Ghbigerina-ooze  region,  and  six  years  after  a  oonsder- 
able  coral-growth  had  taken  place  on  it.  Some  of  the  Ihing  calioei 
were  close  above  the  cable,  and  therefore  the  deposit  had  been  ia- 
finitesimal  in  the  time.  Again,  there  are  large  slow-growing  Eduno- 
derms,  Corals,  and  Spongida  in  place  in  many  chalk  series,  and  it  is 
evident  that  the  foraminiferal  and  sedimentary  deposit  was  infinitdy 
slower  than  their  growth. 

The  mind  fails  to  acknowledge  the  possibility  of  such  a  limit  of 
time  as  the  physicist  is  bound  to  insist  upon  consbtently  widi  tlie 
usual  theory  of  the  secular  cooling  of  the  globe.  In  considering  this 
subject  in  aU  its  bearings,  it  must  be  remembered  that  the  depth  of 
the  outer  substance  of  the  globe  implicated  in  curves  of  all  kinds  is 
relatively  very  small ;  and  it  may  be  fairly  urged  that  all  this  ddonna' 
tion,  associated  as  it  is,  and  has  been  for  ages,  with  much  rigidity 
is  not  commensurate  with  an  amount  of  resolved  tangential  thmal 
which  has  accompanied  a  high  superficial  temperature. 

This  theoiy,  which  is  certainly  well  worthy  of  consideration,  is 
eminently  favourable  to  uniformitarianism  in  both  of  its  develop- 
ments. As  it  states  that  the  heat  of  the  superficies  is  kinetic  mainly, 
or  is  representative  of  a  d^raded  energy,  it  of  course  gives  abundant 
time  to  the  most  exacting  geologist*. 

A  question  has  arisen  frequently  of  late  years,  whose  solntion  de- 
pends to  a  certain  extent  upon  those  just  considered,  and  which  relates 
to  the  degree  of  the  denudation  and  earth-sculpturing  of  the  past. 

The  sum  of  the  meteorological  activities  and  of  the  comparative 
rapidity  of  the  crust  movements  during  any  period  determine  the  de- 
gree and  amount  of  its  denudation.  Hence  there  are  many  subjects 
which  require  separate  investigation  before  the  theory  of  a  diminish, 
ing  or  variable  d^;ree  of  denudation  during  the  past  ages  can  be 
fairly  stated.  Some  have  been  so  constantly  before  the  geologist  of 
late  that  it  is  only  necessary  to  mention  them.     For  instance,  the 

*  I  presume  that  the  effecta  of  tidal  reUrdatioo  have  been  oompenaated  by 
aeeolar  oontraotioii. 
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diminiahing  and  variable  solar  energies;  the  relative  inclinations 
during  time  of  the  polar  axis  to  the  plane  of  the  ecliptic ;  and  the 
inflaence  of  geological  changes  on  climate.  But  one  important  sub- 
ject has  scarcely  been  debated ;  and  it  refers  to  the  possible  changes 
in  the  amount  and  pressure  of  the  atmosphere  during  the  history  of 
the  cooled  globe. 

It  is  an  interesting  question^  and  one  which  has  practical  bearings, 
whether  the  earth  has  lost  or  gained  atmosphere,  and  therefore  has 
been  environed  by  less  or  more  moisture.  The  teaching  on  the  subject 
of  tlie  amount  of  the  present  atmosphere  and  its  cosmical  relations 
is  amusingly  contradictory ;  and  the  student  of  this  part  of  meteoro- 
logical physics  (which,  moreover,  is  of  transcendent  importance)  need 
well  despair.  He  may  glean  from  various  authorities,  from  Laplace 
to  Quetelet,  that  the  rotating  globe,  revolving  around  the  sun  and 
progressing  in  space  with  the  solar  system  with  enormous  velocity, 
carries  with  it  an  atmosphere  which  may  be  33  or  45  to  50  miles,  or 
nearly  200  miles  in  height ;  that  at  a  distance  of  40  to  50  miles  the 
gravitation  of  the  atoms  of  the  air  just  balances  the  force  of  their 
repulsion ;  that  all  beyond  is  vacuous,  and  yet,  in  spite  of  the  absence 
of  gravitational  energy  and  in  the  presence  of  increasing  tenuity,  the 
distant  zones  of  the  atmosphere  cling  to  the  globe ! ! 

The  notion  of  the  vacuum  beyond  this  indefinite  boundary  may 
cease  to  be  credited,  for  we  read  in  elementary  works  "that 
the  medium  of  light  is  certainly  material,  and  has  mass;"  but 
although  we  are  taught  that  there  all  matter  is  subject  to  the  law 
of  universal  gravitation,  there  is  a  doubt  propounded  whether  this 
"  material "  is  a  gravitating  substance.  Astronomers  fill  space  with 
cosmical  matter  in  an  infinite  state  of  division,  and  every  successive 
advance  in  solar  physics  demonstrates  higher  zones  of  moving  matter 
environing  the  previously  limited  gaseous  envelope.  Hence  amidst 
all  this  indefinite  and  contradictory  philosophy  the  geologist,  acknow- 
ledging the  enormous  importance  of  meteorology  in  relation  to  general 
atmospheric  pressure  and  vapour-holding,  must  take  his  own  course 
of  thought. 

He  may  readily  believe  in  a  universal  atmosphere  whose  tenuity 
is  greatest  between  the  great  attracting  bodies,  and  that  the  position 
of  greatest  tenuity,  as  well  as  the  height  of  the  atmosphere  which 
can  move  with  the  planet,  bears  some  relation  to  its  mass  and  tem- 
perature. He  need  not  believe  that  the  distant  zones,  where  gravi- 
tation is  counteracted  by  expansion,  are  carried  round  with  the 
globe  at  a  rate  which  would  sweep  all  their  particles  into  space,  and 
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produce  in  a  short  time  such  a  diminution  of  atmospheric  pressure 
as  would  cause  the  oceans  to  turn  to  dry  land.  He  may  heliere 
that,  moving  in  the  midst  of  an  elastic  medium  of  great  tenuity,  the 
glohe  receiyes  compensatory  amounts  for  what  it  has  left  bdiind. 
But  as  the  sun,  in  spite  of  its  heat  and  chemical  force,  must  attract 
more  than  the  glohe  in  the  long  run,  the  terrestrial  atmosphere  most 
steadily  diminish  in  height.  The  earth  may  he  supposed  to  be 
getting  in  the  same  condition  with  r^ard  to  the  sun  as  Uie  moon 
has  passed  through  with  regard  to  the  earth.  That  our  satellite  had 
an  aqueous  atmosphere  we  are  bound  to  believe,  on  account  of  the 
vulcanicity  to  which  it  formerly  was  subject ;  but  now  there  is  only 
the  £suntest  and  most  doubtful  trace  of  a  film  in  one  of  the  deepest 
craters  on  its  surface  *. 

Doubtless  the  moon,  of  whose  early  fellowship  the  lowest  sedi- 
mentary strata  have  yielded  proofs,  in  the  form  of  tide-rolled  pebbles, 
lost  her  atmosphere  partly  to  the  earth,  but  by  far  the  most  of  it 
must  have  gone  sunwards. 

Keasoning,  then,  by  analogy,  the  earth  should  have  had  a  hi^er 
atmosphere  and  probably  more  of  it  in  the  past ;  and  this  would  be 
very  compensatory.  A  slightly  greater  atmospheric  pressure  would 
counteract  the  greater  possible  rate  of  evaporation ;  and  this  com- 
pensation rather  adds  to  the  probability  of  the  theory.  With  more 
aqueous  vapour  and  with  the  action  of  a  more  energetic  sun,  sub- 
aerial  denudation  may  have  progressed  far  above  its  present  average 
rate.  Moreover  the  greater  movable  atmosphere  would  absorb  much  of 
the  heat  of  the  hotter  sun,  and  would  modify  its  action  on  the  surface ; 
and,  on  the  other  hand,  a  greater  diffusion  of  equable  temperature 
would  prevail,  and  towards  the  poles  there  would  be  prolonged  twi- 
light. 

A  greater  rainfall  and  more  rapid  movement  of  the  lower  zones 
of  the  atmosphere  would  result ;  and  as  the  supply  of  moisture  must 
have  been  greater,  there  is  no  reason  why  the  local  glacialization  of 
high  mountain-ranges  should  not  have  occurred.  The  impossibility 
of  the  occurrence  of  masses  of  ice  on  the  sea-level,  or  for  some 
thousands  of  feet  above  it,  or  at  the  polos,  must,  however,  be 
admitted. 

In  passing  &om  these  subjects  it  is  worthy  of  remark  that  strati- 
graphical  geology  has  long  since  entered  its  synthetic  stage,  in  ac- 
cordance with  the  usual  progression  of  scientific  knowledge.  In 
the  early  days  of  the  science  it  was  necessarily  analytic,  for  typical 
*  See  Matthieu  Willianis,  *  Fuel  of  the  Sun.' 
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areas  were  requisite  for  the  comparison  of  others ;  and  to  bo  of  real 
use  their  strata,  series,  and  formations  had  to  be  aoourately  sepa- 
rated and  defined.  Physical  and  biological  breaks  were  carefully 
Bou^t ;  and  as  they  were  facts  of  a  certain  value,  and  as  their  appro- 
elation  was  and  is  still  of  the  greatest,  importance  to  the  geological 
surveyor,  they  materially  assisted  the  progress  of  exact  study.  At 
first  the  inability  to  discover  such  breaks  in  the  succession  of  rocks 
was  disappointing,  and  was  considered  to  be  anomalous;  but  as  re- 
search was  conducted  further  and  further  from  the  typical  districts, 
it  became  evident  that  such  discontinuities  could  not  have  been  contem- 
poraneous universally,  and  that  their  absence  tended  to  increase  tho 
belief  in  the  doctrine  of  continuity  in  ever  evolving  nature.  The  dis- 
covery of  the  imperfections  of  the  typical  successions  in  remote  districts, 
the  influence  of  the  literature  regarding  missing  strata  and  forma- 
tions, and  relating  to  those  which,  although  found  elsewhere,  do  not 
exist  in  the  typical  areas,  gave  a  great  importance  to  the  study  of 
«*  passage-beds.''  Their  careful  examination  soon  carried  conviction 
that  they  were  not  geological  anomalies,  but  that  they  were  links  in 
the  chain  of  evidence  regarding  the  variety  of  the  synchronous 
changes  on  the  surface  of  the  earth,  and  of  the  irregularity  and 
localization  of  the  grand  movements  of  its  crust. 

Palaeontology,  useful  at  first  to  distinguish  strata  by  determining 
characteristic  fossils,  became  the  most  important  scientific  aid  to  those 
who  sought  rather  to  link  together  consecutive  series  than  to  separate 
them.  As  it  passed  out  of  the  influence  of  the  false  hypothesis  of  re- 
peated universal  destructions,  re-creations  of  totally  different  forms, 
and  of  the  invariable  restriction  of  species  to  small  areas,  PalaDontolo- 
gists  greeted  the  discovery  of  the  phenomena  of  the  former  and  recent 
geographical  distribution  of  animals  and  plants  as  the  first  glimmer  of 
light  leading  to  the  great  doctrine  of  evolution.  The  old  ideas  gave 
place  to  those  of  the  continuous  modification  of  species  under  changes 
in  the  external  physical  conditions,  of  the  possibility  of  migration,  of 
the  vast  horizontal  and  vertical  distribution  of  many  forms,  of  the 
persistence  of  types,  and  of  the  succession  of  similar  types  on  the 
same  areas.  Taken  as  aids  to  the  generalizing  tendency  of  modem 
8tratigraphical  Geology,  these  theories  have  not  only  qualified  the 
terms  "  equivalent  '*  and  "  horizon  "  in  reference  to  our  science,  but 
have  stimulated  the  belief  that,  with  the  progress  of  world-wide 
surveying,  the  broken  succession  of  strata  and  formations,  so  re- 
quisite as  the  alphabet  of  Geology,  will  soon  cease  to  be  a  fact. 

The  struggle  has  been  sharp  between  those  who  have  maintained  the 
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impoHanee  of  the  stodj  of  fbrdgn  geology  in  comprehendiiig  the 
Ttltte  of  the  particQlar  eyidence  afforded  by  the  rocks  of  the  typical 
Earopean  districts,  and  those  who  were  indisposed  to  acknowledge 
intermediate  formations ;  and  the  literature  of  the  donbtfnlly  placed 
atrata  has  been  polemical  enough  on  the  stratigraphical  as  well  as 
on  the  palttontologioal  side.  Now,  howerer,  every  carefol  essay 
bearing  on  the  relations  of  the  geology  of  remote  coontriea  to  thoss 
Bsarer  home^  brings  new  matter,  complicating  the  old  histAriea  <rf 
the  globe  at  present,  bat  still  to  afford  light  in  due  time. 

So  much  has  been  so  ably  written  on  the  absence  of  a  anflkaent 
physical  and  also  of  a  sadsfiBurtoiy  biological  break  between  the 
Cutibrian  and  Lower  Silurian  formations  of  the  United  Kingdom,  that 
it  »  only  necessary  to  notice  how  impossible  it  is,  according  to  the 
■diet  doctrine  of  uniibnnity,  to  apply,  in  explanation  of  those  old 
rocks*  stratigraphical  arguments  which  would  hold  good  in  later  Me- 
aoio«c  and  Tertiary  geology.  The  smaller  number  of  faunas  and  the 
ooMparatiTe  paucity  of  qwcies,  ooapled  with  the  occurrence  of  mors 
frequent  crust  dianges  in  the  Cambro-Silurian  age,  render  the  rules 
and  dogmas  of  the  daasificatory  geologist  dealing  with  ^e  later 
ages  comparatiTely  inaj^cable.  In  the  eariy  history,  the  physical 
breaks  of  Hthological  change  (for  instance,  the  occurrence  of  pebble- 
beds*  of  intercalated  limestones^  each  of  which  would  be  of  definite 
UMporlanee  in  the  later  histoiy  of  the  ^obe)  are  subordinate  to  the 
persblence  of  the  genera.  Whilst  in  the  later  history  of  the  globe 
traa^gressiTe  strata  and  the  same  lithdogical  succession  are  often 
accompanied  by  a  gradual  change  in  generic  andspedfic  types,  the 
leTetae  generally  occurs  in  the  older  rodcs. 

^  Lonsdale  s  Deronian,  still  a  stumbling-blodL  to  the  pure  strati- 
graphist  dep»dent  on  breaks,  and  primarily  recognized  from  the 
intenaediate  nature  of  the  qmaes  of  its  fauna,  has  had  ita  ahseaes 
scored  orer  rast  areas:  but  its  palcontological  separation  from  the 
Upper  Silurian  and  Carboniferous  is  usually,  but  not  invariably, 
as  remariEable  as  the  world-wide  distribution  of  its  species.  Be 
Koninck's  last  work  <hi  the  Australian  Palaeozoic  deposits  brings  the 
IWTt>nkn  of  that  distant  country  most  remarkably  in  relation  with 
that  of  Europe  and  Ammca;  and  doubtless  the  Deronian  superposed 
on  Silurian  in  laU  S2^  X.  wiU  tell  the  same  story. 

The  Carboniferous  and  UiePermian,  tmcebelieTedtobe  sodkAinct, 
are  becoming  more  and  more  inseparable  in  sudi  ronote  areas  as  the 
west  of  the  United  States,  from  the  assodation  throo^iout  the  esak- 
joint  aeries  of  spedes  of  plants  and  MoQusca  which  are  sharply  re- 
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stricted  to  one  groap  of  strata  or  the  other  elsewhere.  So  the  Permo- 
Carhoniferoos  of  one  part  of  the  world  affords  a  proof  of  the  earlier 
appearance  of  certain  genera  of  plants,  which  in  another  are  charac- 
teristic of  the  upper  and  separable  formation.  This  early  appearance 
merges  into  a  persistence  in  the  A.astralian  and  Indian  peninsular 
areas ;  and  in  the  latter  the  Mesozoic  element  of  the  flora  extends  into 
the  Mesozoic  series  without  the  intercalation  of  the  true  Carboniferous 
marine  deposits  so  characteristic  of  the  lower  part  of  the  coal-bearing 
strata  of  Eastern  Australia. 

There  is  some  difficulty  in  separating,  except  on  arbitrary 
grounds,  the  Carbo-Permian  from  the  Lower  Trias,  in  consequence 
of  the  evidence  afforded  by  the  Himalayan  sections  of  Stoliczka. 
In  the  area  surveyed  to  the  north  of  Simla  the  grand  outlines  of  the 
sedimentary  formations  are  to  be  traced  beyond  the  central  gneiss, 
and  the  Carboniferous  is  found  not  to  be  succeeded  by  a  Permian. 
Some  2000  feet  of  Upper  Trias  of  St.-Ca8sian  age  rest  conformably  on 
rocks  which  include  species  of  Brachiopoda  which  are  characteristic 
of  the  Carboniferous  Limestone  of  Europe,  and  are  involved  with  them 
in  the  great  curvatures  and  reversals  which  produced  a  great  physical 
break.  This  break  is  not,  then,  immediately  after  the  last  Pakeozoic 
deposits  and  according  to  the  European  type,  but  after  the  Upper 
Trias. 

The  Ehastic  series,  with  Megalodon,  rests  unconformably  on  the 
curved  Carboniferous  and  Trias.  The  interest  of  this  particular 
type,  related  as  it  is  to  the  succession  in  Australia  and  in  the 
Indian  peninsula,  was  increased  by  the  discovery  by  Dr.  Waagen 
of  the  association  of  Ooniatiies,  Ceratites,  and  Ammonites  in  a 
limestone-bed  in  the  lower  half  of  the  upper  division  of  tiie 
Carboniferous  formation  in  the  North-west  Himalayas,  the  accom- 
panying Brachiopoda  being  Carboniferous  Producti  and  Athyrides. 
All  the  considerations  relating  to  the  persistence  of  the  Palaeo- 
zoic flora,  the  earlier  appearance  of  the  Mesozoic  forms  in  re- 
mote localities,  the  commingling  of  Mollusca  very  differently  dis- 
tributed vertically  in  Europe,  and  to  the  general  conformity  until 
the  end  of  the  Upper  Trias  with  Halohia  Lommdi^  Orthoceras  sail" 
naria,  and  Ammonites  floridus^  enhance  the  theory  of  the  local 
nature  of  the  Permian  and  its  usually  assaciated  Lower  Trias. 
"Whatever  may  be  the  direct  value  of  this  theory,  it  involves  a  very 
important  point  in  practical  palaeontology,  namely,  that  it  is  not 
absolutely  necessary  to  seek  for  the  unbroken  succession  of  faunas 
and  floras  in  strata  which  are  in  normal  sequence.     The  continuity 
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of  the  bicdogical  sncoession  was  not  through  the  Permo-Tiias,  but 
through  a  series  ia  which  the  Permiaii  was  wanting. 

There  are  some  remarkable  paheontological  facts  relating  to  the 
cUstributioQ  of  forms  in  those  distant  areas  where  there  is  little  homo- 
taxis  with  the  typical  areas  of  Europe. 

The  number  of  the  species  in  the  Himalayan  Carboniferous  iden- 
tical with  those  of  the  corresponding  European  strata  is  Tery  re- 
markablcy  and  the  Brachiopods  are  often  larger  in  size.  In  North-east 
Australia  some  forms  characteristic  of  the  Carboniferous  Limest<me 
of  India  and  Europe  are  found  in  the  underlying  Devonian ;  and 
although  this  formation  is  absent  in  the  Himalayas,  there  is  a 
more  or  less  definite  Carboniferous  facies  in  the  fossils  of  the  so- 
called  Upper  Silurian,  or  those  rocks  which  underlie  Carboniferous 
strata  conformably. 

The  Fpper  Trias  in  the  Himalayas,  which  I  have  just  noticed,  has 
a  very  European  facies  of  the  St.-Cassian  type,  and  contains  four 
European  Brachiopods,  besides  Hcdobia  Lommeli^  AfnmontUs  jUh- 
ridus,  and  Orthoeeras  latistptum ;  and  it  underlies  the  Lower  Bhastio 
unconformably.  This  has  the  Dachstein  biyalve  and  a  Diceroear^ 
dtum,  and  is  overlapped  by  the  succeeding  Upper  Rhaetic,  whose  fos- 
sils are  most  remarkable.  Some  are  special  to  the  area,  others  are 
identical  witji  those  of  European  deposits,  such  as  Ter^^raiuJa  grt- 
garia,  Rhynchonella  austriaca,  and  PecUn  vahniensis;  and  the  rest 
tcU  the  same  story  as  the  plant-bearing  series,  namely,  the  earlier 
appearance  of  types  which  characterize  later  deposits  elsewhere. 

Thus  in  these  Himalayan  Upper  Bhaetics  there  are  BhynchoneUa 
variabilis,  Terel>ratula punctata^  Ammonites  macrocephaJus^  T,  obtusi^ 
fronSj  Ostrea  a^uminata^  OerviUea  olifex^  Avietda  ifuequivalvis,  Natka 
pelops,  Ohemnitzia  coarctaia.  In  these  rocks  there  are,  then,  the 
foreshadowings  of  the  Middle  and  Upper  Liassic  and  Oolitic  faunas 
of  distant  localities.  The  scries  is  covered  by  a  bituminous  lime- 
stone containing  a  mixture  of  Middle  and  Lower  lias  fossils  with 
a  Nerincea  of  Oolitic  facies. 

The  marine  Trias,  Eha^tics,  and  Lias  are  not  represented  in 
the  neighbouring  areas  of  the  peninsula  of  India,  which  ^ipears 
to  have  been  dry  lirfid  during  those  ages,  and  its  fauna  and  flora 
were  very  persistent.  In  Europe  there  is  the  Upper  and  Lower 
Triassic  succession,  and  that  wonderful  fossiliferous  series  above  the 
Bhffitic  strata  which,  under  the  term  Infra-lias,  reaches  to  the  base 
of  the  arenaceous  beds  of  the  zone  of  Ammom(€S  Bueklandu 
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The  break  between  the  Jurassic  and  Cretaceons  series  is  filled  np  by 
the  Tithonian  and  Porbeck-Wealden  in  Europe  and  in  Continental 
India ;  and  the  absence  of  marine  Neocomian  is  very  notable  over 
Tery  large  areas  where  there  is  a  well-deyeloped  Upper  Greensand. 

It  was  expected  that  the  Upper  White  Chalk  of  Faxoe  age  would 
be  found  merging  transgressively  into  beds  with  an  admixture  of 
Cretaceous  and  Tertiary  fossils ;  but  this  has  not  happened.  The 
most  careful  examination  of  the  Tertiary  strata  remote  from  the 
Cretaceous  deposits  has  only  yielded  spedes  of  BeUmnitea  in  Europe 
and  in  Australia ;  but  the  Cretaceous  facies  of  the  Tertiary  Echino- 
dermal  fauna  of  this  last  province  is  very  remarkable.  Some  years 
ago  the  singular  affinities  of  the  Lower  Cretaceous  and  Miocene  coral 
faunas  of  the  West  Indies  were  noticed ;  and  the  late  dredging-expedi- 
tions  have  produced  evidence  of  the  persistence  of  Cretaceous  types 
of  Corals,  Sponges,  Echinoderms,  and  Eoraminifera.  Nevertheless, 
wherever  the  upper  strata  of  the  Cretaceous  are  calcareous,  there  is 
a  great  physical  and  biological  break.  But  these  discontinuities  are 
sensibly  diminished  at  the  margins  of  the  old  Cretaceous  ocean  and 
sea-floors,  where  the  siliceous  element  replaced  the  organic  deposit. 
There,  in  several  localities,  most  interesting  relations  have  been 
shown  to  exist  between  the  faunas  and  floras  of  the  Cretaceous  and 
Lower  Tertiary  periods.  In  Khasia,  in  the  South-eastern  Himalayas 
the  Cretaceous  is  a  littoral  deposit  with  coal-seams  and  a  marine 
fauna  which  in  Europe  would  be  characteristic  of  strata  from  the 
Gault  to  the  Upper  White  Chalk  inclusive,  and  the  Gasteropoda,  as  is 
seen  in  the  Indian  area,  give  a  Tertiary  facies.  It  merges  imper- 
ceptibly into  sands,  shells,  clays,  and  Anally  into  Nummulitic  lime- 
stone. The  paleeontological  break  is,  however,  complete  except  in 
facies.  To  the  south-west  the  marine  Cretaceous  beds  of  the  south  of 
India  are  eminently  Tertiary  in  the  facies  of  their  Mollusca,  but  still 
the  break  is  vast.  To  the  west,  where  the  great  trap  covers  the 
Cretaceous  rocks  and  underlies  in  some  places  the  Nummulitic,  some 
most  interesting  land-surfaces  have  remained.  Some  are  intertrappean 
freshwater  lake-floors,  which  abound  with  species  of  Physa^  Limncea^ 
Paludina^  and  Melanin,  and  their  age  is  Postcretaceous ;  and  others 
(the  Lameta  beds,  for  instance)  are  Cretaceous  land-surfaces  with 
the  same  genera.  Those  considerations  add  great  interest  to  the 
American  succession. 

Allowing  for  the  great  sameness  of  shape  of  firesh-  and  brackish- 
water  shells  of  all  ages,  which  deprives  them  of  any  very  great  palae- 
ontological  value  in  determining  horizons,  it  is  still  very  interesting 
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to  find  in  the  deposits  of  the  Western  States  of  North  America,  whick 
haye  the  same  relation  to  typical  Eocene  and  Cretaceous  as  Uie  Nnni- 
mnlitic  has  to  the  Dedcan  Trap  and  Lameta  series,  spedes  <^  die 
genera  Limncea^  Planorhis^  Physa^  and  some  referable  to  a  special  type 
of  Melania  (  Ghniobasis),  These  American  deposits  are  the  debateab&e 
land  where  the  stratigraphist,  petrologist,  and  the  vertebrate,  inrer- 
tebrate,  and  botanical  paleontologist  will  yainly  seek  to  find  hard 
and  fast  lines  by  which  they  may  correlate  and  compare  the  Tarioitt 
horizons  with  those  of  the  typical  districts.  It  has  been  shown  that  the 
^osely  allied  species  of  these  genera  are  fonnd  in  two  saccessivv  bat 
indefinite  groups  of  rocks,  the  lowest  of  which  is  the  last  expressiott 
of  the  Cretaceons  formation.     This  country,  of  which  the  surveys  ol 
JContana,  Wyoming,  Uinta,  and  the  other  localities  are  comprised  by 
Hayden  in  his  m'agnificent  work,  has  a  lignite  in  the  series  whidi 
may  be  roughly  called  Cretaceous  and  Cainozoic ;  and  thus  there  is 
evidence  of  a  more  or  less  continuous  terrestrial  condition  during  a 
period  when  emigration  and  extinction  were  modifying  the  Meaocoie 
fauna  and  flora.    What  a  paradox  was  the  discovery  of  the  associa- 
tion of  a  doubtfully  Cretaceous  Corbiada  and  species  of  Ottrea^ 
Vivipara^  and  Ooniobasis  (which  might  be  Secondary  or  T^tiary 
in  age)  with  the  bones  of  a  large  Dinosaur  (the  Agathawnas  tylves- 
tris)y  whose  remains  were  stuffed  and  covered  with  leaves  of  Dicoty- 
ledons of  strikingly  Tertiary  fades !    The  stratigraphical  line  which 
should  separate  the  Cretaceous  from  a  Tertiary  deposit  was  infmor 
to  the  position  of  these  remains;  the  Dinosaurs  are  presumed  to 
characterize  no  higher  horizon  than  the  Cretaceous ;  the  sheik  may 
belong  to  any  zone  of  the  long-existing  brackish-water  conditi<»is ; 
and  the  plants  indicate  an  admixture  of  Cretaceous  and  Tertiaiy 
forms  when  examined  by  tbe  deceptive  light  of  remote  and  presom- 
ably  equivalent  deposits.    Although  the  weight  of  the  evidence  from 
the  last  researches  of  Meek  places  the  deposit  in  the  Cretaceous  tor- 
mation,  still  the  discovery  of  the  remains  of  tortoises  of  Eocene  type 
(such  as  Plastotnenus)  and  fish  of  the  genus  ClasUs  in  association  with 
Dinosaurian  remains  complicates  the  question.     It  is  evident  that 
the  Black-Butte  horizon  is  one  where  an  Australian-like  jomble  of 
so-called  characteristic  types  protests  against  the  lingering  desire  to 
believe  in  universal  and  contemporaneous  changes,  and  in  the  ine- 
vitable death  of  the  living  forms  with  the  physical  change,  and 
indicates  that  certain  plants  and  ftnimula  originated  in  earlier  times 
and  lived  longer  and  into  later  ages  than  the  hard-and-fast  strati- 
graphist  and  palaeontologist  will  concede. 
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An  attempt  has  been  made  to  establiBh  a  zone  intennediate  be- 
tween the  European  Cretaceous  and  Eocene,  under  the  title  of  PalsB- 
ocene ;  and  the  flora  of  the  clay-beds  of  Gtelinden,  so  abounding  in 
leaves  of  DryophyUum,  has  been  compared  with  remote  recent,  and 
neighbouring  and  remote  Cretaceous  floras.  It  has  been  shown  bj 
Lesquereux  that  a  series  of  closely  allied  forms  of  oaks,  under  dif- 
ferent names,  flourished  in  the  days  of  the  Quader-Sandstein,  in  the 
Upper  Cretaceous  of  Belgium,  in  the  Cretaceous  of  Nebraska,  and  in 
the  Eocene  of  Europe  and  the  lignitic  series  of  the  United  States. 
Moreover  analogous  types  occurred  in  the  Miocene  of  Europe  and 
America,  in  the  Pliocene  of  California,  and  in  the  recent  flora  of  the 
United  States.  This  prevalence  is  quite  in  accordance  with  the  long 
duration  of  the  genera  and  families  of  plants  so  evident  in  the  pre- 
ceding ages  of  the  globe.  But  a  careful  examination  of  the  main 
features  of  these  Cretaceous  and  Tertiary  floras  on  both  sides  of  the 
Atlantic  explains  that  they  were  irregularly  isolated,  in  spite  of  the 
persistence  of  a  few  types  with  great  vertical  and  horizontal  ranges*. 
Thus  there  is  a  marked  difference  between  the  Cretaceous  plants  of 
Greenland  and  those  of  Dakota ;  and  whilst  in  the  lower  members 
of  the  one  there  is  38  per  cent,  of  Cycadeee,  there  is  not  one  satis- 
factory species  in  the  other.  These  Cretaceous  floras  are,  more- 
over, deficient  in  the  palms  which  constitute  such  an  important  fea- 
ture in  the  North-American  and  European  Eocene.  Again,  although 
the  Eocene  or  Lower  Cainozoic  flora  of  the  Western  States  has  a  facies 
and  a  generic  distribution  remarkably  different  from  that  of  the  un- 
derlying Cretaceous,  the  Cretaceous  types  reappear  in  the  Miocene 
of  the  same  district,  and  their  principal  genera  still  predominate  on  the 
eastern  slope  of  the  North- American  continent.  In  fact  the  Cretaceous 
flora,  comparatively  unrepresented  in  the  Eocene  as  yet  known  to  us, 
had  some  of  its  genera  in  the  lower  part  of  the  Miocene,  more  in  the 
Upper  Tertiaries,  and  they  culminate  in  the  recent  period.  Whence 
came  the  plants  of  the  Western -American  Eocene,  indicating  as  they 
do  a  warmer  climate  than  that  of  the  probably  temperate  Cretaceous 
area  of  Dakota?  Their  alliance  to  those  of  the  Palseocene  and  other 
zones  of  European  Eocene  plant-bearing  strata  is  scanty,  but 
there  is  a  certain  similarity  of  facies.  The  Himalayan  Eocene 
flora  contains  no  genus  which  is  not  represented  in  modem  India ; 
and  there  are  of  course  palms,  cycads,  flgs,  horse-chestnuts,  and 
Boapwoits,  so  it  has  the  general  facies  of  the  former  and  present  age. 

*  See  the  admirable  results  of  the  Survey  of  the  Western  Territories,  U.  S., 
and  the  essays  of  Lesquereux. 
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ThcBecoiisideratkmSy  and  those  which  arise  during  leflectkais  o&the 
great  depth  of  the  Eocene  aeries  and  their  wingnlarly  varied  natae, 
rather  tend  to  the  helief  that  different  hat  tolerahly  eloadj  aDkd 
floras  were  in  diminishing  contact  where  the  North  Atlantic  and 
Pacific  now  exist. 

The  stody  of  the  Cretaceous  plants  of  £arope  indicates  the  iaoiatka 
af  their  area  from  that  of  America ;  and  thus  the  story  told  by  the  whole 
of  the  floras  down  to  the  present  day  is  that,  in  spite  of  alteratioM 
in  dunate,  and  in  the  relative  distribution  of  land  and  aeo,  there  hai 
be^i  no  Tast  extinction,  and  therefore  no  very  wide  physical  break, 
but  ^at,  from  the  days  of  the  genesis  of  the  Dicotyledonous  flora  in 
Seeondpy  times  to  the  present  time,  groups  of  plants  have  been 
localized  in  provinces,  and  that  the  isolation  has  lasted  longer  im 
some  areas  than  in  others. 

The  impossibility  of  drawing  a  line  between  the  Upp^*  Eocene 
and  the  Lower  Miocene  of  Europe  led  to  ^e  adoption  of  the  term 
OHgooene;  and  that  it  has  a  significance  is  shown  in  the  varied 
nature  of  its  strata,  the  great  depth  of  Coral  Limestone  in  the  area 
so  ably  described  by  Beuss,  and  in  its  remaricably  intermediate  fauna, 
finally,  in  pursuing  this  subject  of  geological  continuity,  it  may  be 
stated  that  the  conditions  of  the  Miocene,  with  its  vast  land-suifrices 
and  the  crust  movements  which  initiated  the  Pliocene  in  some  parts 
of  the  worid,  have  prevailed  down  to  the  present  time  in  others. 

Most  geologistB  have  speculated  and  philosophized  over  the  grave 
significance  of  the  fru^  and  opinions  thus  sketched  out ;  and  most 
may  fed  well  satisfied  at  the  results  they  have  led  to  during  the  last 
decennia.  It  is  no  longer  necessary  to  believe  in  the  repeated  destrae- 
tioiis  and  new  creations  so  dear  to  the  geologists  of  not  many  yean 
ago,  hoL  on  the  other  hand,  to  acknowledge  a  continuous  connexion 
between  the  movement  of  living  things  over  the  globe  during  the 
process  <^  distribution,  and  the  extent,  frequency,  and  rapidity  of 
the  alterations  in  the  relations  of  land  and  sea  incident  upon  the 
Hngeiing  on  of  the  earliest  energies  of  the  globe.  But,  assisted  as 
our  compidiaision  of  these  important  coincidences  has  be^i  by  the 
theory  of  evolution  and  by  the  hypothesis  of  the  origin  of  speaes 
by  descent,  variation,  and  modification  under  the  influence  of  ex- 
ternal physical  conditions,  the  mind  still  longs  for  more  definite  ftets 
by  whiA  to  prove  the  position  of  the  prindpal  genetic  areas  and  the 
directionofem^^ration.  It  is,  moreover,  dissatisfied  with  the  belief  that 
all  the  wonderf^  art  in  nature,  the  limited  direction  of  variability, 
the  paralkJiam  o£  form,  ornament,  and  physiology  in  contempora* 
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neouB  and  successive  groups  of  fossils  sometimes  widely  separated 
zoologically,  are  due  to  the  action  of  physical  changes  and  here- 
dity alone.  It  is  true  that  the  physical  change  is  not  fortuitous, 
but  relates  to  the  inevitable  ;  and  thus  its  influence  on  life  is 
part  of  a  great  philosophy;  but  is  that  sum  of  the  action  of  the 
mysterious  energy  on  matter  which  we  call  life  simply  passive, 
and  only  alterable  by  external  conditions  ?  According  to  the 
prevailing  theory,  if  all  the  external  conditions  remain  the  same, 
the  individuals  of  a  species,  or  the  species  of  a  genus,  will  retain 
their  dassificatory  characters ;  but  if  change  takes  place  in  the 
physical  conditions,  or  if  alterations  occur  in  the  struggle  for 
existence,  then  the  variability  will  bear  a  relation  to  the  intensity 
of  the  opposing  forces.  Extinction,  or  the  survival  of  the  fittest, 
results,  and  this  is  accompanied  by  loss  of  specific  identity.  Is  this 
all  the  truth?  Is  there  not  some  positive  energy  in  living  things 
which,  if  uncontrolled  and  uninfluenced  by  externals,  will  produce 
progressive  changes  ? 

Prom  the  examination  of  the  faunas  and  floras  of  provinces  which 
have  been  long  under  the  same  physical  conditions  (and  the  remark 
holds  good  during  the  geological  ages)  it  is  foimd  that  particular 
and  dominant  groups  are  represented  by  numerous  species ;  that  is 
to  say,  isolation  under  the  same  physical  conditions  is  accompanied 
by  variation  and  the  production  of  new  species.  Madagascar  and 
Australia,  with  their  numerous  forms  of  Lemuroida  and  Marsupialia, 
the  numerous  species  of  the  same  genus  associated  in  such  faunas  as 
the  Sivalik,  and  the  extraordinary  assemblage  in  the  Miocene  of 
the  Bad  Lands,  and  many  others,  may  be  brought  forward  in  illus- 
tration. The  variations  and  specific  changes  have  apparently  been 
uninfluenced  by  competition ;  and  yet  there  has  been  a  definite  and 
often  parallel  order  of  change  of  method  of  life  and  accompanying 
structural  change  in  the  faunas  of  similarly  placed  but  remote 
areas.  The  old  South-African  reptilian  fauna  advanced  during 
its  isolation  so  that  a  foreshadowing  of  the  dental  arrangement 
of  the  higher  Camivora  took  place.  In  Australia  the  ultimate  ex- 
pression of  the  variability  of  nearly  all  the  groups  of  the  rest  of  the 
world  has  taken  place  in  animals  of  one  subclass  which  have  been 
isolated  for  ages.  It  was  not  competition  or  the  influence  of  exter- 
nal conditions  alone  that  enabled  the  structures  of  the  Marsupial  to 
meet  the  habits  and  the  method  of  life  of  the  Quadrumana,  Bats, 
Insectivora,  Bodentia,  Herbivora,  Camivora,  and  even  of  the  Pachy- 
dermata,  but  the  operation  of  a  law  of  variation  in  definite  direc- 


Digitized  by  VjOOQIC 


86  PBOCESDIHeS  OF  THB  GBOLOOICAL  BOCISTT. 

tionSy  potential  in  the  oiganism  and  irrelatiTe  of  physical  condi- 
tions. 

K  great  variation  and  yet  persistence  of  the  generic  type  is  aasomed 
to  have  taken  place  daring  the  long  isolation  of  faunas  and  florsa,  a 
totally  different  series  of  organic  mutations  may  have  ensued  on  their 
coming  into  mutual  contact,  and  when  the  struggle  for  existence 
became  intense ;  so  that  in  any  great  area,  where  one  large  and 
well-deftned  country  had  few  alterations  in  its  conformation  during 
a  long  period,  and  another  dose  by  suffered  from  many  daring  the 
same  lapse  of  time,  the  opportunities  for  the  greatest  excess  of  spe- 
cific and  generic  change  ought  to  occur  on  tiie  subsequent  junction 
of  the  two  areas.  This  comparative  instability  of  districts  in  the  same 
great  area  is  instanced  remarkably  in  India ;  for  during  the  long 
periods  of  land  conditions  in  the  peninsula,  the  repeated  upheavals  and 
subsidences  of  the  Himalayan  zone,  and  probably  of  a  large  area  to 
the  north,  rendered  land-surfaces  rare  there.  Africa  south  of  the 
Sahara  was  probably  a  stable  area  during  many  of  the  alterations  of 
the  relative  level  of  land  and  sea  of  the  north  and  of  Europe.  The 
want  of  relation  between  the  grand  physical  changes  ^f  the  west  and 
east  of  the  United  States  is  of  the  same  importance  in  the  argum^it. 
If  this  be  the  correct  interpretation  of  nature,  those  areas  in  which 
there  has  been  the  least  relative  instability  should  have  the  simplest 
faunas,  and  those  which  have  undei^ne  the  greatest,  and  which 
here  transgressed  on  other  provinces,  should  have  the  most  complex. 
Granting  that  the  typical  geological  districts  of  the  United  Kingdom, 
France,  and  Germany  have  been  involved  in  crust-movements  more 
frequently  than  the  areas  of  Africa,  India,  and  Australia,  there  is  an 
explanation  of  the  relatively  involved  nature  of  the  faunas  which 
first  attracted  the  attention  of  geologists. 

There  are  some  other  considerations  regarding  the  appearance  of 
forms  in  the  geological  ages,  which  the  zoologist  and  comparative  ana- 
tomist ally  with  groups  which  must  have  been  long  and  are  still  sepa- 
rated widely  geographically.  The  Marsupials  of  the  Trias  and  Oolites 
of  Europe  and  those  of  Australia,  the  Didelphia  of  the  Paris  Eocene 
and  those  of  the  present  American  fauna,  the  Lemurs  of  the  Eocene 
of  Europe  and  of  the  American  Tertiary  deposits,  and  those  next  in 
zoological  rai}ge,  the  American  Marmosets  and  the  Platyrrhini,  are 
instances.  Was  there  a  genealogical  descent  in  the  received  zoolo- 
gical line  in  these  separate  instances?  The  Marmoset  may  have 
descended  from  the  American  Eocene  Lemurine  animal,  and  the 
Platyrrhini  also;  but  it  is  quite  probable  that  the  Lemurs  were  never 
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in  the  line  of  the  Catarrhini,  and  that  the  early  Cynocephali,  the 
ancestors  of  all  Old- World  Monkeys,  were  modified  Camivora. 

Conld  not  the  Triassic  Marsupials  of  Enrope  have  had  a  direct  rep- 
tUian  genesis,  whilst  those  of  Australia  were  in  the  line  of  the  Mono- 
tremes,  and  these  with  the  Ornithoscelida?  Can,  in  fact,  more 
than  one  method  of  origin  have  occurred  ?  If  it  were  so,  some  of 
the  greatest  difficulties  in  the  explanation  of  the  distrihution  of 
plants  and  animals  would  be  removed. 

These  difficulties  have  been  materially  increased  by  the  acceptance 
of  the  dogma  of  the  extreme  antiquity  and  persistence  of  the  present 
continents  and  oceans,  and  by  novel  and  unnatural  ideas  regarding 
the  method  of  migration.  The  vast  extent  of  the  Tertiary  marine 
deposits,  the  evidences  of  the  great  alterations  in  the  relative  level 
of  land  and  sea  since  the  Pliocene  age,  and  the  presence  of  long 
parallel  ranges  of  more  or  less  submerged  mountains  in  the  great 
Pacific,  in  the  Indian  Ocean,  and  in  the  Atlantic,  prove  to  the  geo- 
logist that  comparatively  late  in  the  history  of  the  globe  the  pro- 
gressive wave  of  continuity  of  land  has  influenced  distribution.  On 
the  other  hand  it  is  known  that  animals  and  plants,  whatever  may 
be  their  powers  of  locomotion  at  some  time  of  their  life,  do  not 
move  readily  beyond  their  districts,  and  cannot  do  so  unless  there 
are  all  the  necessary  surroundings  of  food,  soil,  and  temperature.  To 
the  majority  a  roundabout  land  journey  must  be  out  of  the  ques- 
tion ;  and  there  must  have  been  continuity  of  land  at  one  time  with 
the  necessary  accessories  in  order  that  closely  allied  species  should  be 
found  in  remotely  separated  localities. 

In  condosion,  it  is  necessary  to  notice  the  vast  strides  which, 
thanks  to  the  chemist,  mineralogist,  and  microscopist,  have  been 
made  in  the  study  of  petrology.  Not  very  many  years  since  the 
metamorphic  origin  of  serpentine  was  as  sturdily  opposed  as  was 
the  possible  metamorphosis  of  clays  into  gneissic  rocks.  The  nomen- 
clature of  volcanic  products  was  in  the  greatest  confusion,  and  there 
was  a  hard-and-fast  line  drawn  between  those  of  the  past  and  those  of 
the  present  time.  Now  the  sciences  of  optics  and  chemistry,  assisted 
by  the  mathematician,  are  gradually  revolutionizing  the  old  notions 
of  the  fixity  of  crystalline  rocks,  and  are  expounding  their  progressive 
and  retrogressive  mutations,  which  are  in  relation  to  denudation, 
aggregation,  subsidence,  pressure,  and  hydrothermal  action. 

Our  science  has  revealed  in  its  wonderful  progress  that  the 
inorganic  mass  crumbles,  alters,  and  returns  into  its  pristine  form 
in  often-repeated  cycles,  but  that  the  organic  world  advances  in  its 
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March  7, 1877. 

Profl  P.  Maetin  Dttncan,  M.B.,  F.R.S.,  President,  in  the  Chair. 

The  Bey.  Ebenezer  Davies,  of  the  Green-oaks,  Talbot  Street, 
Sonthport ;  William  Davies,  Esq.,  41  a  Antill  Road,  Bow  Eoad,  E. ; 
and  Henry  Davis  Hoskold,  Esq.,  Mining  Engineer,  11  Alma  Terrace, 
Penzance,  were  elected  Fellows :  and  George  Garves  Brash,  Esq., 
Professor  of  Mineralogy  in  the  Sheffield  School  of  Science,  Yale 
College,  Newhaven,  Connecticut ;  Prof.  A.  L.  0.  Desdoizeaux,  of 
Paris ;  Prof.  E.  Renevier,  of  Lausanne ;  and  Count  Gaston  de  Sa- 
porta,  of  Aix  en  Provence,  Foreign  Correspondents  of  the  Society. 

The  List  of  Donations  to  the  Library  was  read. 

The  following  communications  were  read  : — 

1.  "  On  the  Vertebral  Column  and  Pelvic  Bones  of  Pliosaurm 
Evansi  (Seeley),  from  the  Oxford  Clay  of  St.  Neots,  in  the  Wood- 
wardian  Museum  of  the  IJniversity  of  Cambridge."  By  Harry  Go- 
vier  Seeley,  Esq.,  F.L.S.,  F.G.S.,  Professor  of  Geography  in  King's 
College,  London. 

2.  "  Supplementary  Notes  on  the  Fauna  of  the  Cambridge  Green- 
sand."    By  A.  J.  Jukes-Browne,  Esq.,  B.A.,  F.G.S. 

3.  "On  the  Beds  between  the  Gault  and  Fpper  Chalk,  near 
Folkestone.''    By  F.  G.  Hilton  Price,  Esq.,  F.G.S. 

The  following  specimens  were  exhibited : — 

Remains  of  Pliosaurus  Evansiy  from  the  Oxford  day  of  St.  Neots ; 
exhibited  by  Prof.  T.  M'Kenny  Hughes,  F.G.S.,  in  illustration  of 
Prof.  Seeley^s  paper. 

Polished  slabs  of  Devonian  Coral  Marbles ;  exhibited  by  Prof. 
Tennant,  F.G.S. 


March  21,  1877. 

Prof.  P.  Maetik  Dttncan,  M.B.,  F.R.S.,  President,  in  the  Chair. 

William  B.  Coltman,  Esq.,  Barrister-at-Law,  8  Hyde  Park  Gar- 
dens, W.,  and  of  Blelaoh,  Aberdeenshire ;  William  James  Grimshaw, 
Esq.,  Mining  Engineer,  of  Wellfield,  Stand,  Whitefield,  near  Man- 
chester ;  and  Alexander  Roes,  Esq.,  Riverfield,  Inverness,  were 
elected  Fellows  of  the  Society. 

The  List  of  Donations  to  the  Library  was  read. 

Casts  of  Coslodus  dlipticus,  Egerton,  and  Pyenodus  Bowerhanki^ 
Egerton,  were  presented  to  the  Museum  by  Sir  Philip  de  M.  Grey- 
Egerton,  Bart.,  M.P.,  F.R.S.,  V.P.G.S. 
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The  following  specimens  were  exhibited : — 

Specimens  exhibited  in  illustration  of  his  papers  by  Prof.  W. 
Boyd  Dawkins,  r.It.S. 

Skeleton  Quartz  with  Chalybite  and  Pyrites;  exhibited  by  the 
Eev.  J.  M.  Mello,  F.G.S. 

Windwom  Stones  from  New  Zealand ;  exhibited  by  J.  D.  Enys, 
Esq.,  F.G.8.,  in  illustration  of  his  paper. 


April  25, 1877. 

Prof.  P.  Martin  Duncan,  M.B.,  F.R.S.,  President,  in  the  Chair. 

8.  Bewsher,  Esq.,  St.  Paul's  School,  London ;  H.  G.  Bolam,  Esq., 
Little  Ingestre,  Stafford ;  Charles  Thomas,  Esq.,  Clarendon  House, 
Buckhurst  Hill,  Essex ;  and  John  M^Kenzie  Knight,  Esq.,  Vestry 
Hall,  Bancroft  Road,  Mile  End,  E.,  were  elected  Fellows  of  the 
Society. 

The  List  of  Donations  to  the  Library  was  read. 

Two  specimens  of  sandwom  stones  from  New  Zealand  were 
presented  to  the  Museum  by  John  D.  Enys,  Esq.,  F.G.8. 

The  following  communications  were  read : — 

1.  **  On  the  Upper  Limit  of  the  essentially  Marine  Beds  of  the 
Carboniferous  System,  and  the  necessity  for  the  establishment  of  a 
*  Middle  Carboniferous  Group.'  "     By  Prof.  E.  Hull,  F.R.S.,  F.G.S. 

2.  "  On  Coal-pebbles  and  their  Derivation."  By  H.  K.  Jordan, 
Esq.,  F.G.S. 


May  9,  1877. 

Prof.  P.  Martin  Duncan,  M.B.,  F.R.S.,  President,  in  the  Chair. 

James  Dorrington,  Esq.,  Orphan  Asylum,  Wolverhampton ;  Rev. 
E.  R.  Lewis,  Protestant  Syrian  College,  Beerut,  Syria;  Edward 
Fenton,  Flsq.,  junior,  61  Charlotte  Street,  Fitzroy  Square,  W. ; 
Henry  Rosales,  Esq.,  Mining  Engineer,  Ballaarat,  Yictoria,  Aus- 
tralia; and  Henry  White,  Esq.,  F.S.A.,  96  Queen's  Gate,  Hyde 
Park,  W.,  were  elected  Fellows  of  the  Society. 

The  List  of  Donations  to  the  Library  was  read. 

The  following  communications  were  read : — 

1.  "On  the  Agassizian  genera  Amblyptems,  PalcsonUcu*^  Oyro^ 
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The  President  also  announced  that  a  letter  had  been  received 
from  Count  Gaston  de  Saporta,  F.O.G.S.,  expressing  the  hope  that 
Pellows  of  the  Society  would  attend  the  meeting  of  the  French 
Association  for  the  Advancement  of  Science,  to  be  held  in  August 
in  Havre. 

The  following  communications  were  read : — 

1.  "Remarks  on  the  Coal-bearing  Deposits  near  Erekli,  the 
ancient  Heraclea,  Fontus-Bithynia."  By  Bear-Admiral  T.  A.  B. 
Spratt,  C.B.,  F.B..S.,  F.G.S. 

2.  "  On  the  Structure  and  Affinities  of  the  Genus  SipTumia."  By 
W.  J.  Sollas,  Esq.,  B.A.,  F.G.S. 

3.  *^  On  the  Serpentine  and  associated  Eocks  of  the  Lizard 
District."  By  Eev.  T.  G.  Bonney,  M.A.,  F.G.S.,  Fellow  and  late 
Tutor  of  St.  John's  College,  Cambridge. 

4.  "  On  certain  ancient  Devitrified  Pitchstones  and  Perlites  from 
the  Lower  Silurian  District  of  Shropshire."  By  S.  Allport,  Esq., 
F.G.S. 

The  following  specimens  were  exhibited : — 

Polished  sections  of  Siphoniee,  Choanites,  and  Ventriculites,  from 
various  British  localities,  and  a  group  of  nearly  100  teeth  of  Pti/^ 
chodus  polygyi*u8^  found  in  the  late  great  slip  of  the  Dover  Cliff; 
exhibited  by  E.  Charlesworth,  Esq.,  F.G.S. 

Fibula  of  an  Elephant,  from  Mundesly,  Norfolk ;  exhibited  by 
Prof.  Tennant,  F.G.8.,  on  behalf  of  Alfred  Haviland,  Esq. 

Specimens  exhibited  by  Messrs.  Spratt,  SoUas^  Bonney,  and 
Allport,  in  illustration  of  their  papers. 


June  6, 1877. 

Prof.  P.  Martin  Duncak,  M.B.,  F.R.S.,  President,  in  the  Chair. 

The  Rev.  Charles  Leach,  80  Vincent  Street,  Birmingham ;  William 
May,  Esq.,  of  Orpington  House,  Kent ;  John  W.  Myers,  Esq.,  20 
Westbury  Road,  Westboume  Square,  W.,  and  John  Fletcher  Pagen, 
Esq.,  Mining  Engineer,  Chapel  Heys,  Bodmin,  Cornwall,  were 
elected  FeUows  of  the  Society. 

The  List  of  Donations  to  the  Library  was  read. 
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The  names  of  the  following  Fellows  in  aireais  to  the  Society  ^ 
read  out  by  the  President  for  the  second  time,  in  accordance  with 
Sect  VI.  Art.  8  of  the  Bye-laws :— W.  H.  Le  Feavre,  Emj.,  CqL 
J.  L.  Tait,  W.  Woodman,  Esq.,  S.  Haslett,  Esq.,  Eev.  D.  HoneymaB, 
and  «r.  F.  Davis,  Esq. 

The  following  communications  were  read : — 

1.  ^'  On  the  Rank  and  Affinities  in  the  BeptOian  Class  of  the  M^ 
Mosauridce,  Gervais.''     By  Prof.  R.  Owen,  C.B.,  F.R.S.,  F.G.S. 

2.  ^*  Note  on  the  Occurrence  of  the  Remains  of  Hy<Knareto$  in  the 
Red  Crag  of  Suffolk.**  By  Prof.  William  Henry  Flower,  F.B^ 
F.G.S. 

3.  ^*  On  the  Remains  of  Hypsodon,  PortheuSy  and  IchthyotUetes 
from  British  Cretaceous  Strata,  with  descriptions  of  new  Speciea." 
By  E.  Tulley  Newton,  Esq.,  F.G.8.,  of  H.M.  Geological  Survey. 

4.  "  On  the  Precarboniferous  Rocks  of  Chamwood  Forest"  Fait  L 
By  the  Rev.  E.  HiU,  M.A.,  F.G.S.,  and  the  Rev.  T.  G.  Bonney,  i£.A., 
F.G.S. 

The  following  specimens  were  exhibited : — 

Rock-specimens  to  illustrate  the  paper  by  the  Rev.  £.  ffill  and 
the  Rev.  T.  G.  Bonney  on  the  Precarboniferous  rocks  of  Chamwood 
Forest. 

Specimens  exhibited  by  E.  T.  Newton,  Esq.,  F.G.S.,  in  iUustratioa 
of  his  paper. 

A  group  of  teeth  of  Ptyehodus  from  the  Chalk  near  Lewes ;  ex- 
hibited by  E.  Charlesworth,  Esq.,  F.G.S.,  on  behalf  of  Mr.  GreoihilL 


June  20,  1877. 

Prof.  P.  Mabtin  Dxjncan,  M.B.,  F.R.S.,  President,  in  the  Chair. 

George  Alexander  Gibson,  Esq.,  M.B.,  IX  So.,  32  Lauder  Road, 
Grange,  Edinburgh;  Henry  P.  Gumey,  MA.,  Clerk,  Fellow  of 
Clare  College,  Cambridge;  John  Higson,  Esq.,  Mining  Engineer, 
98  Albert  Square,  Manchester ;  and  Francis  Stevenson,  Esq., 
M.Inst.C.E.,  Chief  Assistant  Engineer,  London  and  North- Western 
Railway,  Euston  Station,  N.W.,  were  elected  Fellows  of  the  Society. 

The  List  of  Donations  to  the  Library  was  read. 
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The  following  oommnnioations  were  read : — 

1.  "  On  a  hitherto  unnoticed  Circumstance  affecting  the  Piling- 
up  of  Volcanic  Cones."    By  R.  MaUet,  Esq.,  F.R.S.,  F.G.S. 

2.  "The  Steppes  of  Southern  Russia."  By  Thomas  Belt,  Esq., 
F.G.8. 

3.  «  The  Glacial  Period."    By  J.  F.  Campbell,  Esq.,  F.G.S. 

4.  "  The  Action  of  Coast-ice  on  an  oscillating  area."  By  Prof. 
John  Milne,  F.G.S.,  of  the  Imperial  College  of  Engineering,  ToHo, 
Japan. 

6.  "  On  points  of  similarity  between  Zeolitic  and  Siliceous  Incrus- 
tations of  recent  formation  by  Thermal  Springs  and  those  observed 
in  Amygdaloid  and  other  altered  Volcanic  Rocks."  By  Prof.  A. 
Daubr^,  F.M.G.S. 

6.  «*  On  the  Cretaceous  Dentaliadae."  By  J.  S.  Gardner,  Esq., 
F.G.S. 

7.  "  On  a  number  of  New  Sections  around  the  Estuary  of  the 
Dee  which  exhibit  Phenomena  having  an  important  bearing  on  the 
Origin  of  Boulder-day  and  the  Sequence  of  Glacial  Events."  By 
D.  Mackintosh,  Esq.,  F.G.S. 

8.  "  Discovery  of  Silurian  Beds  in  Teesdale."  By  W.  Gunn, 
Esq.,  F.G.S.,  and  C.  T.  dough,  Esq.,  B.A.,  F.G.S.,  of  H.M.  Geolo- 
gical Survey. 

9.  "  On  the  Superficial  Geology  of  British  Columbia."  By  George 
Mercer  Dawson,  Esq.,  F.G.S.,  Assoc.  R.S.M.,  of  the  Geological 
Survey  of  Canada. 

10.  "The  Exploration  of  the  Ossiferous  Deposit  at  Windy  Knoll, 
Castleton,  Derbyshire,  by  Rooke  Pennmgton,  Esq.,  LL.B.,  F.G.S., 
and  Prof.  W.  Boyd  Dawkins."  By  Prof.  W.  Boyd  Dawkins,  M.A., 
F.R.S.,  F.G.S. 

11.  ^'Description  of  Fossil  Organic  Remains  from   Bendigo." 
By  M.  Carl  August  ZacharisB.    Communicated  by  the  President. 

[Abstract.] 

In  this  paper  the  author  described  the  fossils  obtained  by  him 
from  the  slate  deposits  in  the  neighbourhood  of  the  auriferous 
quartz  reefs  of  Bendigo.  He  remarked  on  the  absence  of  Trilobites 
and  of  Diplograptian  Graptolites ;  lAngula  is  of  very  rare  occur- 
rence, Monoprionidian  Graptolites  abound,  bivalved  Phyllopods  are 
frequent,  and  there  are  doubtful  examples  of  a  Stomapod  Crustacean. 
This  last  is  described  but  not  named.    The  PhyUopod  is  described 
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as  forming  a  new  genus  named  Alaoearis,  The  lAngfula  is  identified 
with  L,  Davisii,  Some  species  of  Sertularia  are  described  as  nev 
under  the  names  S,  australts^  S,  astricus^  8.  truncus  laptHsntm^ 
S.  nKxgna,  and  S.  virgaia.  Of  Graptolites  the  anther  notioeB  ^ 
occurrence  of  gonothecse  (?)  and  of  the  following  species  : — Orspt^- 
lites  Stdgwickii^  Oraptolidius  (Didymogrc^sus)  planus^  sp.  n.,  O,  «p- 
tensus,  geminuSf  serraUdvay  tripedes^  sp.  n.,  tetnxpUurus^  i^  n^ 
Murehisoni^  fndicosuSy  pygmams^  sp.  n.,  aiinpanida^  sp.  n^  crEttMt, 
sp.  n.y  hryonoides,  seopida,  sp.  n.,  spinifer,  sp.  n.,  quadribrtukiaim 
and  var.  gracilis,  octohrtzchiattJiSy  Madcayi,  sp.  n.,  Hutehinsonij  sp.  n^ 
roseata,  sp.  n.,  hriareus,  sp.  n.,  JUicatus,  sp.  n.,  Pythaporas^  sp,  n^ 
carduntu,  sp.  n.,  stettcUus,  sp.  n.,  and  trifarium,  sp.  n.,  and  PkyUo^ 
graptus  folium, 

12.  "  Notes  on  some  Eecent  Discoveries  of  Copper-ore  in  Nora 
Scotia."     By  Edwin  Gilpin,  Esq.,  M.A.,  F.G.S. 

13.  «» Glacial  Drift  in  the  North-eastern  Carpathians."  Bj  B.  L. 
Jack,  Esq.,  F.G.S.,  and  John  Home,  Esq.,  F.G.S.,  of  the  Geological 
Survey  of  Scotland. 

14.  "On  Terminal  Curvature  in  the  South-western  Connties.* 
By  W.  A.  E.  Ussher,  Esq.,  F.G.S.,  of  H.M.  Geol<^cal  Survey. 

15.  "  On  the  Chronological  Classification  of  the  Granitic  Rocks  ol 
Ireland."  By  G.  H.  Kinahan,  Esq.,  M.E.LA.  Communicated  by 
Prof.  Ramsay,  F.R.S.,  F.G.S. 

16.  "  The  Cambrian  Rocks  of  South-east  Ireland."  By  G.  H. 
Kinahan,  Esq.,  M.R.IA*  Communicated  by  Prof.  Ramsay,  F JLS., 
F.G.S. 

Specimens  in  illustration  of  his  paper  were  exhibited  by  T.  Beh, 
Esq.,  F.G.S. 


June  26, 1877. 

Special  Oenerai  Meeting. 

Prof.  P.  Mabtdt  Dxjvcajk,  M.B.,  F.R.S.,  President,  in  the  Chair. 

The  following  Bye-law  to  be  applicable  to  all  Fellows  deeted  on 
and  after  November  1st,  1877,  in  lieu  of  Section  YI.  B,  Article  7, 
was  adopted : — 

"  A  Fellow  may  at  any  time  compound  for  future  annual  contri- 
butions, that  of  the  current  year  inclusive,  by  payment  of  Thirty- 
one  Pounds  ten  shillings.  If  he  has  already  paid  the  oontiributaon 
for  the  current  year,  or  any  part  of  it,  sudi  payment  shall  be 
allowed  in  part  of  the  composition.'' 
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AbbotAbury  ironstone,  273. 

Abra  prismatica,  121. 

Aoentrophorus,  562. 

Adams,  Prof.  A.  Leith,  on  gigantic 
land-tortoises  and  a  small  firesh- 
wHUfr  species  from  the  ossiferous 
CAYernB  of  Malta^  together  with  a 
list  of  their  fossil  fauna  and  a  note 
on  Chelonian  remains  from  the 
rock-cavities  of  Gibraltar,  177. 

— ,  on  remains  of  the  Mam- 
moth and  other  mammals  from 
northern  Spain,  537. 

Africa,  South,  Mr.  E.  J.  Dunn  on  the 
diamond-fields  of,  879. 

Agglomerates,  Tolcanio,  458. 

AgnostMs  dtue,  665. 

Alangordlek,  ijord  of,  142,  147. 

Alberburj,  Permians  of,  21. 

AUport,  S.,  Esq.,  on  certain  ancient 
devitrified  pitohstones  and  perlites 
from  the  Lower-Silurian  district  of 
Shropshire,  449. 

Ambleside,  section  showinethe  yertical 
succession  of  the  Silurian  strata  in 
SkelgiU  Beck  near,  472. 

Amblypterus,  548, 552,  558. 

America,  Carboniferous  rocks  of ,  641. 

Ammonites  acantbonotus,  491. 

—  cawtoneTisis,  392. 

coelonotus,  491. 

perarmatuB,  392. 

—  paeudocordatus,  392. 

—  rhamnonotus,  490. 
Ampleforth  Beacon,  section  from,  to 

Oswaldkirk,  356. 
AmpOiiU  Clay,  313. 
Analyses  of  altered  rooks  from  Pen- 


maenmawr,  424,  427;    of  copper 

Syrites  from  Nora  Scotia,  753 ;  of 
evitrified  perlitic  pitchstone  and 
of  Miocene  perlites,  457 ;  of  Pre- 
Cambrian  rooks  from  St.  David's, 
233,234note;  of  rooks  of  the  Lizard 
district,  924. 
Ancient   devitrified   pitchstones  and 

Serlites  from  the    Lower-Silurian 
istrict  of  Shropshire,  449. 

Anisomyon  veciia,  195. 

Annesley,  Permians  of,  17. 

Anniversary  Address  of  the  President, 
Proc.  41-88.  See  also  Duncan,  Prof. 
P.  Martin. 

Annual  Report  for  1876,  Proc.  11. 

Ant  valley,  section  across  the,  92. 

AntkrapaloTnon?  Woodwardi,  SQ3. 

Antrim,  BallycasUe  coal-field,  625. 

Aporrhais  marginata,  494. 

Appleford  bridge,  near  Witham,  sec- 
tion at.  111. 

Appleton,  Corallian  rocks  at,  362; 
general  section  of  beds  near,  363. 

Arachnoides  australis,  48. 

elonffotus,  48. 

Loveni,  47,  65. 

Aralo-Caspian  area,  quaternary  depo- 
sits of  the,  855. 

Araucarites  Hudlestoni^  402. 

Area  anamaloy  398. 

lanthanon,  398. 

Ardwiok,  Permians  of,  18. 

Asaphm  {Asaphellus)  Homfrfwi,  663. 

(PlatypeUis)  OrofHi.mS, 

Ashes,  volcanic,  458. 

Aftarte  avtonensisy  397. 

DvioUittna,  396. 
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JfciiawTW.  PrviC  B^  T^fte  on  a  new 

mow  .  t.  froB  t^  Middle  Terti* 
vw»  ^'  ^x£th  AKCraha^  25d. 

i*^ 'i».  CartvfcjSprow  ot  637. 

BihX  f.Ks^oAihe^stpppce  of  Sooth- 
en  K«a0««L  ^4X 

Bma^\  K.  C  A.  ZMhttW  on  foma 
^ir«aLr.)c  Tvoaaiaai  £nMa»  iVw«  95. 

£Ws->K<.  ».^k«  cf  .  froaa  the  late  Dr. 

Bteiae-jre.  CV«»l.iui  poefct  ot  9S3L 
Birr«M9C..rK  Mr,  IL  filhrfklg^,  jviL, 
ce-^Teattiai^vVahrycrBifarraii, 
I^v^^St  rssdicaiite  of  a  new  i 
W  i  4  *;»..«*•*«*.  \»  allvd 
^»    L*.-«fr    OibrKMufiaroaa 

£%s^«  Medau.  ««afd  of  the.  to  FroL 

a  ^  Mar^  iVw.  4<x 
lfc^r^»rth»aA.  jwfMa*  around.  734. 
£aa4)l^  £^.  J.  F.  aad  W.  H.  Hadk»> 


ton,  Esq.,  on  tiie  ConlHan  ro^  of 
England,  260. 

Blanf  ord,  H.  P.,  Em).,  on  the  qaa^&aa 
<^  the  glacial  or  Toloanie  origin  «f 
the  Talchir  boaIder>bed  of  India 
and  the  Karoo  boulder-bed  of  SooA 
Afirica,  lV«r.  7. 

Blores  Hill,  761. 

Bohemia,  Permian^  of,  24. 

Bone-CATee  of  CreeweU  Graga,  Ber.  J. 
M.  Mello  on  the,  579. 

Bonnej,  Ber.  T.  O.,  on  the  aerpmtiw 
and  associated  rocks  of  the  Liard 
district,  8S4. 

. .  A  Ber.   B.  Hill,  on  tbs 

Pre-Oarboniferoos  ro^8  of  C%an* 
wood  Forest  Parti.     7M. 

Bootle,  dock-sections  near.  733. 

Borrowdale  tkries,  of  the  north  of 
England,  strata  between  the,  and 
the  Coniston  Flags,  461. 

Boalder-beds,  Talchir  and  Karoo.  Mr. 
H.  F.  Blanford  on  the  glacial  or 
ix^canic  origin  of  the,  /Voc.  7. 

Boolder-daj,  Mr.  D.  Mackintoeh  om 
a  number  of  new  sections  rtKmd  the 
estuary  of  the  Dee  which  exhibtt 
phenomena  baring  an  important 
bearing  on  the  origin  oC  79U 

Boolder^laja.  deriration  o£  conpo- 
nent  materials  of.  734. 

Bonlder-cUTi  of  the  baam  of  the  Iziik 
Sea,  737. 

Boxford  Tallej,  section  from,  to  the 
Brett  TaUej.  109. 

Brachiopoda  of  the  Donetahin  O- 
phalopoda-bed,  9. 

Bradiystoma  angolare,  496. 

Bradford- Abbaa  quarry,  mctkm  at,  7. 

Bndgate.  Stable  quarry  at,  76a 

Bradley  Farm,  Marcham,  section  iwar, 
307. 

Biaiil  Wood.  783. 

Brett  TalleT,  section  from  Boxibtd 
Taller  to  the,  109. 

Brtstol''coal-field.631. 

Britiah  cretaoeona  strata,  Mr.  B.  T. 
Kewton  on  remaina  of  Hpfmdam, 
PbrtAna,MXidIrAt^otif€tt9  froai.£05i. 

British  Isfea;  Prot  Hull  OB  the  upper 
Umit  of  the  essentially  marine  oedfl 
of  the  CkHxmiferoQB  group  of  the, 
613, 

BrooBMroft  and  Hamage  Orange,  sec- 
tion through.  656. 

Broomrigga,  15S. 

Brrtk  Qorlan,  Yale  of  Clwyd,  aeetiaB 
at.  209. 

Brynkinalh  eoUieiy,  la 

Buchanan-Outle    quarry,    Defonia& 
im,:Sl. 
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Back  Hills,  766. 

Buckman,  J.,  Esq.,  on  the  Cephalo- 
poda-beds of  Glouoester,  Dorset,  and 
Somerset,  1. 

Bnrdale,  coraUian  at,  374. 

Burdale   Beck,  section  from  North-' 
Chimston  Hill  to,  375. 

Bare  yalley,  section  across  the,  91. 

Oadgwith,  serpentine  near,  898. 

,  microscopic  characters  of  black 

serpentine  from  near,  921. 

,   analysis   of   black    serpentine 

from  near,  925. 

CJaerleon  Cove,  gabbro  from,  900. 

,  composition  of  gabbro  from 

near,  926. 

Cahore  shingle  beach,  Wexford,  Mr. 
G.  H.  Kinahan  on,  29. 

CainoEOic  deposite,  Australian,  Prof. 
P.  Martin  Duncan  on  the  Echino- 
dermata  of  the,  42. 

Calderon,  Senor  Salvador,  on  the  fos- 
sil Yertebrata  hitherto  discoyered 
in  Spain,  121. 

Callander,  Messrs.  Jack  k  Etheridee 
on  the  discovery  of  plants  in  the 
Lower  Old  Bed  Sanostone  of  the 
neighbourhood  of,  213. 

Callaway,  Charles,  Esq.,  on  a  new 
area  of  Upper  Cambrian  rocks  in 
South  Shropshire,  with  a  description 
of  a  new  fauna,  6)52. 

Calne,  oolite  of,  289. 

CcUtfptrcBa  concentrica^  201. 

Cooksonife,  201. 

Gray  ana,  201. 

Cambrian  rocks,  Mr.  C.  Callaway  on  a 
new  area  of,  in  South  Shropshire, 
65. 

Cambridge,  corallian  reef  of,  313. 

Cambridge  Coprolite-bed,  Mr.  W. 
J.  SoUas  on  a  fossil  holorhaphidote 
sponge  from  the,  242. 

Cambridge  Greensand,  Mr.  A.  J.  Jukes 
Brown  on  the  fauna  of  the,  485. 

Canobie,  Permians  of,  16. 

Caradoc  rocks.  Lower,  in  South  Shrop- 
shire, 653. 

Carboniferous  formation  of  the  south- 
east of  Scotland,  Mr.  R.  Etheridge, 
jun.,  on  a  macrurous  Decapod  from 
the  Red  Sandstone,  or  lowest  group 
of  the,  863. 

group,  Prof.  Hull  on  the  upper 

limit  of  the  essentially  marine  beds 
of  the,  of  the  British  Isles  and 
adjoining  continental  districts,  613. 

rocks  of  the  Continent,  636-640. 

series.  Prof.  Hull  on  the  clas- 
sification of  the,  613, 615. 


Carboniferous  series.  Lower,  of  Ber- 
wickshire, Mr.  R.  Etheridge,  jun., 
on  the  remains  of  a  large  crusta- 
cean fiom  the,  223. 

strata.  Upper,   of  Shropshire 

and  Denbighshire,  Mr.  D.  C.  Davie 
on  the  relation  of  the,  to  beds  usually 
described  as  Permian,  10. 

Carlow,  section  through,  618. 

Campersack  rock,  antuysis  of,  928. 

Cam  Spamack,  microscopic  characters 
of  serpentine  from,  902, 921. 

Carpathians,  Messrs.  Jack  k  Home 
on  glacial  drift  in  the  North-eastern, 
673. 

Oarruthers,  W.,  Esq.,  description  of 
a  new  species  of  Araucarites  from 
the  Coralline  oolite  of  Malton,402. 

Castlecomer,  section  through,  618. 

Castlecomer  and  Killenaule  coal-fields, 
617. 

Castle  Howard,  Lower  Calcareous 
Grit  of,  361. 

Castleton,  Derbyshire,  the  ossiferous 
deposit  at  Windy  Knoll,  724. 

Catcombe,  dorallian  of,  294. 

Catopygus  elegans,  51,  67. 

Caverns,  ossiferous,  of  Malta,  Prof.  A. 
Leith  Adams  on  gigantic  land-tor- 
toises and  a  small  freshwater  species 
from  the,  together  with  a  list  of 
their  fossil  fauna,  177. 

Caves  of  Creswell  Crags,  Prof.  W.  B. 
Dawldns  on  the  mammal  fauna  of 
the,  589. 

Cement-stone  group,  Mr.  R.  Etheridge, 
jun.,  on  the  remains  of  a  large  crus- 
tacean from  the,  of  Berwickshire, 
22a 

Cephalopoda,  list  of,  from  the  Gry- 
phite  grit  of  Dorsetshire,  7. 

Cephalopoda  -  beds  of  Gloucester, 
Dorset,  and  Somerset,  Mr.  J.  Buck- 
man  on  the,  1. 

Cerithium,  sp.  (cf.  virdunense),  394. 

Chair  of  Kildare,  481. 

Chalk,  Upper,  Mr.  F.  G.  H.  Price  on 
the  beds  between  the  Gault  and  the, 
near  Folkestone,  431. 

Chalk-marl  near  Folkestone,  433,  435. 

Charley  Wood,  773. 

Charawood  Forest,  Rev.  R  Hill  & 
Rev.  T.  G.  Bonney  on  the  Pre- 
Carboniferous  rocks  of.  Part  I.,  754. 

Chelonian  remains  from  the  rock- 
cavitiee  of  GKbraltar,  Prof.  A.  Leith 
Adams  on,  188. 

Chemical  and  mineralogical  changes, 
Mr.  J.  A.  Phillips  on  the,  which 
have  taken  place  m  certain  eruptive 
rocks  of  North  Wales,  423. 
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De  Bcer^B  mine»  sectioii  of  dolerite  in, 
879. 

Deben,  section  from  the  yalley  of  the 
Orwell  to  that  of  a  tributarj  of  the, 
104 ;  section  acroae  one  side  of  the 
TaUej  of  the,  105. 

]>eeapod,  Mr.  R.  Etheridge,  Jun.,  on 
the  occurrence  of  a  Macrurous,  in  the 
Bed  Sandstone,  or  lowest  group,  of 
the  Carboniferous  formation  in  the 
south-east  of  Scotland,  863. 

Dee,  Mr.  D.  Mackintosh,  on  new  sec- 
tions round  the  estuarj  of  the,  730. 

Denbighshire  and  Flintshire  coal-dis- 
trict, 628. 

-i^ and  Shropshire,  Mr.  D.  C.  DaTies 

on  the  Upper  Carboniferous  strata 
of,  10. 

Derbyshire,  the  ossiferous  deposit  at 
Windy  Knoll,  Castleton,  724. 

coal-district,  627. 

D6Til*s  Frying-pan,  serpentine  of,  898. 

Derithfied  mlcbstones  and  perlites, 
ancient,  from  the  Lower-Silurian 
district  of  Shropshire,  449. 

Diallage,  alteration  of,  912. 

of  newer  gabbro  of  the  Liiard, 

analysis  of,  92^. 

Diamond-fields  of  South  Africa,  879. 

Dictyopyge,  665. 

Dimetian  and  Pebidian  (Pre-Cam- 
brian)  rooks  of  St.  BaTid's,  Mr.  H. 
Hicks  on  the,  229. 

Diorite  dyke,  section  of,  with  quarts 
veins,  8^9. 

JHploxylon,  Dr.  J.  W.  Dawson  on  a 
specimen  of,  from  the  coal-forma- 
tion of  Nova  Scotia,  836. 

Disko  Island,  142.  143. 

Dolerite,  tilted,  section  of,  879. 

Donation  from  C.  J.  Lambert,  Esq., 
Proc.  92. 

Dorset,  North,  Corallian  rocks  of,  275. 

— ,  Sumerttet,  and  Gloucester,  Mr. 
J.  Buckman  on  the  Cephalopoda- 
bed «  of,  1 

Dorsetshire,  Mr.  Gt.  H.  Einahan  on 
the  Che^il  Beaoh,  29. 

Driftnge  of  sea-beaches,  32. 

Druniglas  Colliery,  section  through, 
618. 

Dufton,  section  of  the  Coniston  lime- 
stone at  Keisley,  near,  465. 

■         shales,  462. 

Dumbartonshire,  Devonian  plant-re- 
mains fW))n,  222. 

Duncan,  Prof.  P.  Martin  (President), 
Address  on  presenting  the  WoUab- 
ton  Gold  Medal  to  Robert  Mallet, 
Esq.,  Proc,  31 ;  Address  on  present- 
ing the  balance  of  the  WoUaston 


Donation  Fund  to  B.  Etheridge, 
Esq.,  Jun.,  34 ;  Address  on  handmg 
the  Murchison  Medal  to  Warington 
W.  Smyth,  Esq.,  for  transmission  to 
the  Bev.  W.  B.  Clarke,  35 ;  Address 
on  presenting  the  bailee  of  the 
Murchison  Geological  Fund  to  the 
Eer.  J.  F.  Blake,  37;  Address  on 
handing  the  Lyell  Medal  to  Prof. 
Bamsay  for  transmission  to  Dr. 
James  Hector,  38 ;  Address  on  hand- 
ing the  balance  of  the  Lyell  Fund 
to  the  Bev.  Thomas  Wiltshire  for 
transmission  to  William  Pengelly, 
Esq.,  39 ;  Address  on  handine  the 
Bigsby  Medal  to  J.  W.  Hulke,  Esa., 
for  transmission  to  Prof.  O.C.  Bfarsh, 
40.  Anniversary  Address,  February 
16,1877:  ObiiuaryNoticesof  Deceased 
FeUows :— Mr.  David  Forbes,  41 ; 
Mr.  E.  Billings,  48;  M.  Adolphe 
T.  Broogniart,  50;  Mr.  C.  F.  H. 
Credner,  For.  Corr.,  52 ;  Mr.  T.  H. 
Wyndham,  55 ;  Prof.  C.  G.  Ehren- 
berff.  For.  Memb.,  56;  Dr.  H.  O. 
Barlow,  60;  Baron  W.  Sartorius 
von  Waltershausen,  fbr.  Memb.,  61. 
Address  on  the  present  condition 
and  probable  future  course  of  geolo- 
gical study,  64-88. 

Duncan,  Prof.  P.  Martin,  on  the  Eohi- 
nodermata  of  the  Australian  Caino- 
zoic  (Tertiary)  deposits,  42. 

Dungannon,  section  through,  618. 

coal-field,  624. 

Dunn,  E.  J.,  Esq.,  on  the  diamond- 
fields  of  South  Africa,  with  obser- 
vations on  the  gold-fields  and  cobalt- 
mines  in  the  '^vnsvaal,  879. 

Durham,  Permians  of,  23. 

Dykes,  trap,  of  the  Liiard  district^  910, 
913. 

East  Anglia,  Mr.  8.  Y.  Wood,  Jan., 

and  F.  W.  Harmer  on  the  later 

Tertiary  geology  of,  74. 
Echinanthus  Ustudifutrius,  46,  65. 
Echinarachiuus  parma,  65. 
Echinobnssus  australia,  50,  66. 
Echinodermata,  Australian  recent  and 

Tertiary  genera  of,  62 ;  Australian, 

specific  alliances  of,  63. 
,  list  of,  from  the  Australian  Cai- 

nozoic  deposits,  44. 
,  Prof.  P.  Martin  Dimcan  on  the, 

of  the  Australian  Cainozoic  deposits, 

42. 
Echinolampas  ovulum,  66. 
Eden,  Cumberland,  Permians  of,  16. 
Eersteling  gold-field,  881. 
Egedesnunde,  142. 
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OuUe  Howard,  362;  from  corallian 
pasBSge-beds  near  Appleton,  363; 
m>m  the  oolites  of  Malton,  367 ; 
from  the  coral  rag  of  the  Langton- 
Grimaton  district,  379;  from  the 
beds  between  the  Gault  and  Upper 
Chalk  near  Folkestone,  442-445;  of 
the  Dufton  shales,  463 ;  of  the  Co- 
niston  Limestone,  467 ;  oftheGrap- 
tolitio  Mudstones,  473;  from  the 
Lower  Coal-measures  of  Castleco- 
mer,  621 ;  from  the  Middle  Coal- 
measures,  648 ;  from  the  Gannister- 
beds,  642;  from  the  Shineton  shales, 
659;  from  the  quat«mary  deposits 
of  southern  Bussia,  859. 

Foxhall  Hall,  section  in  a  ooprolite- 
pit  near,  81. 

France,  Carboniferous  of  northern, 
637. 

Fusus  Waelii,  120. 

Gabbro  at  the  Balk,  893,  894,  895, 
897 ;  in  serpentine  and  hornblende 
■diist  near  the  Balk,  897;  from 
Caerleon  Cotc,  900 ;  at  Karak  Clews, 
902 ;  of  Crousa  Down,  91 1 ;  of  Caer- 
leon  Cove,  composition  of,  926 ;  of 
Xarak  Clews,  analysis  of,928 ;  newer, 
of  the  Lizard  district,  909 ;  older,  of 
the  Lizard  district,  906. 

6(ardner,  J.  S.,  Esq.,  on  British  Creta- 
ceous PatellidflB  and  other  families 
of  PateUoid  Gastropoda,  192. 

Gartmore,  Perthshire,  I)eT0nian  plant- 
remains  from  near,  222. 

Gattrochana  carinata,  395. 

Gastropoda,  Patelloid,  Mr.  J.  S.  Gard- 
ner on  British  Cretaceous,  192. 

Gault,  Prof.  Seeley  on  Mauisaurus 
Gardnerif  an  Elasmosaurian  from 
the  base  of  the,  at  Folkestone,  541. 

Gault  and  Upper  Chalk,  Mr.  F.  G.  H. 
Price  on  the  beds  between  the,  near 
Folkestone,  431. 

G^rge  Cove,  microscopic  characters 
of  serpentine  from  near,  920. 

Germany,  Carboniferous  of,  638. 

Gibraltar,  Prof.  A.  Leith  Adams  on 
Chelonian  remains  from  the  rock- 
caTities  of,  188. 

,  tortoise  from  the  caves  of,  188. 

Gillingham,  Corallian  rocks  of,  278. 

CKlpin,  Edwin,  Esq.,  on  some  recent 
discoveries  of  copper-ore  in  Nova 
Scotia,  749. 

Glacial  deposits,  unconformity  between 
the  lower  and  middle,  in  East  An- 
glia,78. 

^— of  the  Aralo-Caspain  area, 

856. 


Glacial  drifts  in  the  north-eastern  Car- 
pathians, 673. 

epoch,  extent  and  thickness  of 

glaciers  in  Greenland  and  Norway 
during  the,  158. 

erents,  Mr.   D.  Mackintosh  on 

a  number  of  new  sectious  around 
the  estuary  of  the  Dee,  which  ex- 
hibit phenomena  haying  an  impor- 
tant bearing  on  the  sequence  of» 
730. 

Glacial  and  Postglacial  Mollusoa,  121. 

Glaciers,  extent  and  thickness  of,  in 
Greenland  and  Norway  during  the 
Glacial  epoch,  158. 

,  rate  of  motion  of,  in  Ghreenland, 

148. 

in  the  ioe-Qords  of  North  Green- 

hmd,  147. 

Glamorganshire  Coal-measures,  632. 

GlaTcn  valley,  section  across  the,  90. 

Gloucester,  Dorset,  and  Somerset,  Mr. 
J.  Buckman  on  the  Cephalopoda- 
beds  of,  1. 

Glyphea  femtginea,  400. 

Ck)atacre,  Oolite  of,  292. 

Gold-fields,  Mr.  E.  J.  Dunn  on  the, 
of  the  Transvaal,  881. 

Gonatodus,  555. 

Gk>omhilly  Downs,  serpentme  of,  914 ; 
microscopic  characters  of  serpentine 
of,  919. 

Grange  Hill,  481. 

Granite  vein  intersecting  hornblende 
schist  and  serpentine  near  Kynanoe, 
888;  in  the  Rill,  889. 

Graptolitic  mudstones,  471. 

Great  Bavington,  section  across  both 
branches  of  the  Whin  Sill  near,  413. 

Great  Bealings  church,  section  in  a 
pit  three  furlongs  east  of,  76. 

Great-Gun  Hill,  777. 

Green  HiU,  772. 

Greenland,  icebergs  of,  154. 

,  inland  ice  of,  144. 

,  North,  Mr.  A.  Helland  on  the 

ice-fjords  of,  and  on  the  formation 
of  fjords,  lakes,  and  cirques  in  Nor- 
way and  Greenland,  142. 

Greensand,  Cambridge,  Mr.  A.  J. 
Jukes-Brown  on  the  fauna  of  the, 
485. 

Grey  chalk  near  Folkestone,  437, 439. 

€h*imston  Hill,  North,  section  from, 
to  Burdale  Beck,  375. 

Grits,  Silurian,  Prof.  T.  M'Kennv 
Hughes  on  the,  Corwen,  North 
Wales,  207. 

Groby,  769. 

Ground-plan  of  Windy-KnoU  fissure, 
726. 
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Implemeiits,  born  and  atone,  from  tlie 

Church-hole  cave,  602. 

from  Robin-Hood  Care,  591. 

Inland  ice  of  Greenland,  144. 
Irish  Carboniferous  districts,  616. 
representatiTe  of  the  Coniston 

liimettone  and  its  associated  rooks, 

47a 
Sea,  boalder-clays  of  the  basin  of 

the,  737. 

^  tides  in  the,  29. 

Ischypterus,  659. 
Itcs  HUl.  775. 

Jack,  B.  L.,  Esq.,  and  John  Home, 
£0q.,  on  glacial  drift  in  the  North- 
eastern Carpathians,  673. 

,  and  B.  JBtheridge,  jun.,  Esq.,  on 

the  discovery  of  plants  in  the  Lower 
Old  Bed  Sandstone  of  the  neigh- 
bourhood of  CalUnder,  213. 

Jakobsham,  Qord  of,  142,  147 ;  rate 
of  motion  of  the  glacier  of,  148, 
149. 

Jeffreys,  Dr.  J.  Gwyn,  on  shells  from 
diluvial  deposits  of  Southern  Bussia, 
869. 

Jordan,  H.  K.,  Esq.,  on  coal-pebbles 
and  their  derivation,  932. 

Jukes-Browne,  A.  J.,  Esq.,  supple- 
mentary notes  on  the  fauna  or  the 
Cambridge  Greensand,  485. 

Kabalapatak,  section  north  and  south 

through,  677. 
Kangerdlugssuak,  fjord  of,  142,  144, 

147 ;  glacier  of,  151. 
Karak  Clews,  serpentine  and  gabbro 

at,  902;   analysis  of  gabbro  from, 

928. 
Karkow,  section  near,  848. 
Karoo  boulder-bed,  Mr.  H.  F.  Bkn 

ford  on  the  glacial  or  volcanic  ori 

gin  of  the,  Vroc.  7. 
Keislei',  nenr  Dufton,  section  of  the 

Coniston  Limestone  at,  465. 
Keltie  Water,  Devonian  plant-remains 

from,  222. 
Kennack  Cove,  901. 
Kewingland  clifT-section,  Mr.  F.  W. 

Harmer  on  the,  134. 

cliff,  section  in,  136. 

Ket  valley,  section  across  the,  93. 

Kildare,  Cbair  of,  481. 

Killenaule  and  Castlecomer  Coal-fields, 

617. 
Kilmahow,   Devonian    plant-remains 

near,  221. 
Kilronan,  section  at,  623. 
Kimberley  mine,  section  of,  879. 
Kinahan,  G.  H.,  Esq.,  on  the  Chesil 


Beach,  Dorsetshire,  and  Cahore 
Shingle  Beach,  County  Wexford,  29. 

Kirkby  Moorside,  Upper  Calcareous 
Grit  of,  348. 

Kite  Hill,  775. 

Knock,  section  of  strata  in  Swindale 
Beck,  near,  464. 

Knock  beds,  477. 

Kosloo,  coal-bearing  strata  of,  525 ; 
fossil  plants  from,  532. 

Kynance,  serpentine  near,  888;  mi- 
croscopic characters  of  serpentine 
from  near,  919,  920,  922. 

Lakes,  fjords,  and  cirques,  M.  A.  Hol- 
land on  the  formation  of,  in  Norway 
and  Gh>eenland,  142. 

Lakes,  relation  ot  in  Norway,  to  the 
extent  of  glaciers  during  the  glacial 
epoch,  165. 

Lambay  Island,  478. 

Lambert,  C.  J.,  Esq.,  donation  from, 
Proc.  92. 

Lancashire,  South-,  coal-district,  626. 

Land -tortoises.  Prof.  A.  Leith  Adams 
on  gigantic,  from  the  ossiferous  ca- 
verns of  Malta,  177. 

Langham,  corallian  rocks  of,  280. 

Lankidden  Cove,  serpentine  and  gabbro 
at,  904. 

Lebour,  G.  A.,  Esq.,  and  W.  Topley, 
Esq.,  on  the  intrusive  character  of 
the  Whin  Sill  of  Northumberland, 
406. 

Leeds,  Permians  near,  17. 

Leicestershire  coal-field,  630. 

Leinster  coal-field,  section  through  the, 
618. 

Leiocidaris  australiSy  45,  64. 

licitrim  coal-fields,  623. 

Lherzolite,  microscopic  structure  of, 
916. 

Lichapyge  cuspidata,  668. 

Lillesnall,  map  of  the  district  of, 
654. 

Lima  interlincata,  502. 

IftiviuRCula,  399. 

Bauliniana,  r02. 

Lime&toncs,  corallian,  lower,  323; 
intermediate,  325  ;  upper,  325. 

Livgvlella  liicholsoniy  668. 

Linton  Hill,  corallian  rocks  of,  268. 

Lizard  district,  Kev.  T.  G.  Bonney  on 
the  serpentine  and  associated  rocks 
of  the,  884. 

Longcliff,  756. 

Lonka.  section  near,  678. 

Lovenia,  56. 

Forhesi,  59,  68. 

Lower  Carboniferous  series  of  Ber- 
wickshire, Mr.  B.  Etheridge,  jun., 
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Jferitopsis,  sp.,  394. 

Newton,  E.  T.,  Esq.,  on  the  remains 
of  Hypsodan,  Portheus,  and  Ichthyo- 
dectea  from  British  cretaceous  strata, 
with  descriptions  of  new  species,  505. 

Kewtondale,  coraUian  rocks  of,  333. 

Hewtown,  section  through,  618. 

Linford,  766. 

Nicholson,  Prof.  H.  A.,  and  Prof  B. 
Harkness,  on  the  strata  and  their 
f  osbU  contents  between  the  Borrow- 
dale  series  of  the  north  of  England 
and  the  Coniston  Flags,  461. 

North  Grimston,  coraUian  at,  374. 

Hill,  section  from,  to  Bur- 
dale  Beck,  375. 

North  Wales,  Prof  T.  M'Kenny 
Hughes  on  the  Silurian  grits  of 
Corwen,  207. 

,  Mr.  J.  A.  Phillips  on  the 

chemical  and  mineralogical  changes 
which  have  taken  place  in  certain 
eruptiTe  rocks  of,  423. 

Northumberland,  Carboniferous  Lime- 
stone series  of,  407. 

,  MM.  Topley  and  Lebour  on  the 

intrusire  onaracter  of  the  Whin 
8iU  of,  406. 

Norwaj,  thickness  of  glaciers  of,  during 
the  glacial  epoch,  160. 

and  Greenland,  Mr.  A.  Helland 

on  ihe  formation  of  ijoi^  lakes, 
and  cirques  in,  142. 

Norwich  Crag,  Mr.  F.  W.  Harmer  on 
the  so-called  terrestrial  surface  at 
the  base  of  the,  134. 

,  stone-bed  at  the  base  of  the, 

139. 

Nothe  grits  and  clays,  263. 

Nottingham,  Mr.  E.  Wilson  on  a  new 
exposure  of  Rhjetics  near,  Proc.  i. 

Not^nghamshire,  Permians  of,  17. 

Nora  Scotia,  Dr.  J.  W.  Dawson  on  a 
specimen  of  Diploxylon  from  the 
Coal-formation  of,  836. 

,  Mr.  E.  Gilpin  on  some 

recent  discoreries  of  copper-ore  in, 
749. 

,  Permians  of,  24. 

Nora  Tcherkask,  section  below,  847. 

l^iigsuak  peninsula,  142,  143. 

Kun's-well  Baj,  section  at,  236. 

OboUUa  sabrina,  669. 

Oi^ordvand,  section  at  Lake,  167. 

Old  Bed  Sandstone,  Lower.  Messrs. 
Jack  and  Etheridge  on  the  discoreiy 
of  plants  in  the,  of  the  neighbour- 
hood of  Callander,  213. 

Oknus  SaUeH,  666. 

triarthrus,  666. 


Orwell,  section  ^m  the  vallej  of  the, 
to  that  of  a  tributary  of  the  Deben, 
104. 

Osmineton  oolite,  265. 

Oswalfirirk,  section  from  Ampleforth 
Beacon  to,  356, 

Owen,  Prof.  B.,  on  the  rank  and  affi- 
nities in  the  Beptilian  class,  of  the 
Mosasauridae,  Cfervais,  682. 

Oxford  Clay,  Prof.  Seeley  on  the  Ter- 
tebral  column  and  pelyio  bones  of 
Pliosaurus  Evansi  from  the,  of  St. 
Neott's,  716. 

Oxfordshire,  oorallian  rocks  of,  283. 

Pakefield-lighthouse  gorge,  section 
from,  to  the  northern  end  of  Cove- 
hithe  cUflf,  137. 

Palaeolithic  manin  Bobin-Hood  Caye, 
591. 

in  the  Church-hole  Caye, 

602. 

Palaeoniscus,  548,  556,  557. 

Paradoxechinus  noyus,  65. 

Patellidffi,  Mr.  J.  S.  Gardner  on  Brit- 
ish Cretaceous,  and  other  families 
of  Patelloid  Gastropoda,  192. 

Patricrofl,  Permians  of,  21. 

Pebidian  rocks  of  St  Dayid's,  235. 

and  Dimetian  (Pre-Cambrian) 

rocks  of  St.  Dayid's,  Mr.  H.  Hicks 
on  the,  229. 

Pecten  aptiensis,  500. 

intertextus,  399. 

' qualicosta,  399. 

Kauliniauus?,  601. 

subacutus,  601. 

Peldar  Tor,  776. 

Penmaenmawr,  altered  eruptiye  rocks 
of,  423. 

Pentreath  beach,  serpentine  at,  887. 

Penyglog,  section  from  Corwen  to,  207. 

Perlite,  devitrified,  455. 

Perlites,  structure  of  modem,  451 ;  of 
ancient  spherulitic,  453. 

and  pitchstones,  ancient  deyitri- 

fied,  from  the  Lower-Silurian  dis- 
trict of  Shropshire,  449. 

Permian,  beds  described  as,  10. 

Permians,  diyisions  of,  25:  sections 
of,  19,  20. 

PharetroBpongia  SfraJkani,  Sollas,  a 
fossil  holorhaphidote  sponge  from 
the  Cambridge  coprolite-bed,  242. 

Phillips,  J.  A.,  Esq.,  on  the  chemical 
ana  mineralogical  changes  which 
haye  taken  place  in  oertam  eruptiye 
rocks  of  North  Wales,  423. 

Pickering,  generalized  section  of  co- 
raUian at,  334 ;  enlarged  portion  of 
the  same,  336. 
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Scarboroiwh   OmUo    Hill,    oorallian 
rookB  oC«i23;  sectioa  of  the  upper 
part  of,  324. 
— ^  difltrioty  ooralliao  rooks  of  the, 

317. 
8<^ixMter  Teotriooeui,  61,  68. 
Scotland,  Mr.  B.  Etheridge  on  a  Ma- 
cruious    Decapod    from   the    Bed 
Sandstone,  or  lowest  group,  of  the 
Carboniferous    formation    of    the 
south  coast  of,  863. 
Seottish  Carboniferous  districts,  633- 

636. 
Scurria  eafyptraiformis,  195. 

dtpressa,  195. 

Sea-beaches,  driftage  of,  32. 
Sections :  from  Ham  Hill  to  Babylon 
Hill,  4;    oomparatiTe,  of  beds  at 
Ham  Hill  and  Babylon  Hill,  5;  in 
a  ooprolite-pit  one  mile  and  a  half 
north-west  of  Waldringfield  church, 
75 ;  in  a  pit  3  furlongs  east  of  Great 
Betdings  church,  76 ;  in  a  coprolite- 
pit  near  Foxhall  Hall,  81 ;   across 
the  Yare  valley  at    Trowse,    83; 
across  the  Talleys  of  the  Tare  and 
Wensum  near  the  confluence  of  the 
rivers,  85 ;  at  Tuck's- Wood  Farm, 
86 ;  across  the  Wensum  valley,  87  ; 
across  the  Walsingham  valley,  89 ; 
across  the  Glaven  valley,  90 ;  across 
the  Bure   valley,   91 ;   across   the 
Ant  valley,  92 ;  across  the  Tese  val- 
ley, 93;  across  the  Ket  valley,  93 ; 
across  the  Waveney  vallev,  near  the 
sea  and  the  confluence  of  the  river 
with  the  Ysre,  97 ;  scroes  the  Wave- 
ney valley  near  Harleston,  98 ;  in  a 
pit  at  Starston,  99;   hypothetical, 
showing  the  general  structure  of  the 
Wansey  valley,  100 ;  from  the  valley 
of  the  Orwell  to  that  of  a  tributary 
of  the  Deben,  104 ;  across  a  valley 
tributary  to  that  of  the  Deben  and 
one  side  of  the  Deben  valley,  105 ; 
from  Boxford  valley  to  the  Brett 
valley,  109;   at  App>leford  Bridge, 
near  Witham,  111 ;  in  Kessingland 
Cliff,  136;  from  the  Pakefield  Light- 
house gorge  to  the  northern  end  of 
Covehithe  Cliff',  137;   representing 
the  supposed  condition  under  which 
the  stone-bed  at  the  base  of  the  Nor- 
wich Crag  was  formed,  139 ;  of  Kan- 
fferdlugssuak    Qord    and    glacier, 
152;   of  Lakes  Sandvenvand  and 
Oifjordsvand,  and  from  the  sea  to 
LsJce  Homingdalsvand,  167 ;  from 
Corwen  to  Penygloff,  207  ;  at  Bryn 
Qorlan,   vale   of  Ciwyd,   209 ;    at 
Nun's-WeU  Bay,  236;  in  tlie  rail- 


way-cutting, Sturminster,  276;  of 
false-bedded  oolites  near  Mamhull, 
280;  of  coral-beds  at  HiUmarton, 
292;  of  Hiehworth  south  quarry, 
298 ;  at  Noah*s-Ark  lime-pit,  Msir- 
oham,  305;  near  Bradley  Farm,  307; 
from  Westburv  to  Wheatley,  312 ; 
near  l^ware,  315 ;  at  the  mouth  of 
Forge  Valley,  320;  of  the  upper  part 
of  Scarborough  Castle  ffiU,  324; 
ffeneralized,  of  corallian  at  Picker- 
ing, 334,  336 ;  in  the  gorge  of  the 
Seven  at  Sinnington,  347 ;  through 
the  Hambleton  Massive  from  the  valo 
of  Thirsk  to  the  vale  of  Pickering, 
350;  from  Ampleforth  Beacon  to 
Oswaldkirk,  356 ;  of  beds  near  Ap- 

Eleton,    363;    of   coralline    oohte 
tulted  against  coral  rag,  Hoving- 
ham  lime-quarry,  369 ;  in  the  rag- 
quarry  at  SUngsby,  showing  oonJs 
in  situ,  371 :  from  North  Grimston 
Hill  to  Burdale  Beck,  375 ;   of  the 
strata    in    Swindale    Beck,    near 
Knock,  464 ;  of  the  Coniston  Lime- 
stone at  Keisley,  near  Duflon,  465 ; 
showing  the  vertical  succession  of 
the  Silurian  strata  in  Skelgill  Beck, 
near  Ambleside,  472 ;  of  Coal-bear- 
ing depoits  near  Erekli,  526;  of  the 
Creswell-Crag  Caves,  688;  across 
both  branches  of  the  Whin  Sill,  near 
Great  Bavington,  413;  m  Elf-Hills 
Quarry.  413 ;  through  Ward's  Hill, 
413;    from  Shepherd's  Crag,  east- 
wards, 414;   at  CKmnerton  Crass, 
415 ;  across  the  Leinster  coidfiehl, 
618;  across  the  T]rrone  coalfield, 
618 ;  through  Hamage  Grange  and 
Broomcroft,  655 ;  north  and  south 
through    Kabalapatak,   677;   near 
Lonk%  678 ;  through  Windy-Knoll 
fissure,  725;   of  upper  and  lower 
boulder-clays,  Dawpool,  731 ;  show- 
ing fallen  boulder,  Dawpool,  732 ; 
in   second   new   Dock    excavation, 
Bootle,   733;  near  Siniafka,  846; 
near  Taganrog,  844 ;  near  Karkov, 
848 ;  at  Podwolochisk,  850 ;  of  the 
Lydenburgh     6K>ld-fie1d,     and    of 
gold-,  cobalt-,  and  diamond-mines, 
S.  Africa,  879. 
Seeley,  Prof.  H.  G.,  on  Mauisaurus 
Gardneri  (Seeley),  an  Elasmosao- 
rian  from  the  base  of  the  Gbtolt  at 
Folkestone,  541. 

,  on  the  vertebral  column 

and    peine   bones    of    Pliomntfnu 
Evanst  from  the  Oxford  clay  of  St. 
Neott's,  716. 
Seend,  corallian  of,  287. 
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Semil,  Bohfitnia,  PermianB  of^  24. 

Serpentine  and  aaoooiated  rocks  6f  the 
iWrd  district,  Ber.  T.  G.  Bonnej 
on  the,  884. 

Seren  Yallej,  oondlian  rocks  of,  346. 

Shepherd's  Gap,  diagram-eection 
from,  eastwards,  414. 

Shineton  shales,  657. 

Shropshire,  andeat  deritrified  pitch- 
stones  and  perlites  from  the  Lower 
Silonan  dirtrict  of,  449. 

-^and  Derbyshire,  Mr.  D.  C.  Davies 
on  the  Upper  Carboniferoos  strata 
of,  10. 

-^,  south,  Mr.  C.  Callaway  on  a 
new  area  of  Upper  Cambrian  rocks 
in,  with  a  description  of  a  new 
fiMina,652. 

Klesia,  Carboniferous  of^  638. 

Silurian,  Lower,  of  Shropshire,  an- 
cient deritrified  pitchatones  and 
perlites  from  the,  449. 

Silurian  g^it^  Prof.  T.  M*Eenny- 
Hughes  on  the,  of  Corwoi,  North 
Wales.  207. 

Kniaf  ka,  section  near,  846. 

Sinnington,  section  in  the  gorge  of  the 
Seren  at,  347. 

Sipkomia,  Mr.  W.  J.  Sollas  on  the 
structure  and  ai&nities  of  the  g^nus, 
790. 

Skelgill  Be^  near  Ambleside,  section 
showing  the  rertical  succession  of 
the  Silurian  strata  in,  472. 

Sketch  map  of  Sast-An^ian  coast  from 
Yarmouth  to  Dunwidi  Cliff,  101. 

Slierwdagh  coalfield,  621. 

Shngeby.  section  in  the  Bag  quarry 
at,  showing  corals  in  situ,  £^71. 

SoUas,  W.  J.,  Esq.,  on  Pkaretroaponcia 
Straitmi.  SoUas,  a  fossil  Holorba- 
pidote  wpaam  from  tlie  Cambridge 
eoprohte-bed,  242. 

,  on  the  structure  and  affini- 
ties of  the  genus  Siphonia,  790. 

Somerset,  Gloucester,  and  Dorset,  Mr. 
J.  Buckman  on  the  Cephalopoda- 
beds  of.  L 

Somerset^ire,  PMrmians  of,  23. 

Somersetshire  coalfield,  631. 

Spain,  Senor  Oslderon  on  the  fossil 
lertebrata  hitherto  discovered  in, 
124. 

,  Northern.  Prof.  A.  Leith  Adams 

on  remains  of  the  mammoth  and 
other  mammals  from,  537. 
Gpirorhia-limestone,  11. 
Spoi^^  Mr.  W.  J.  Sollas  on  a  foasQ 
holorhaphidote,    fixmi    the   Cam- 
bridge ooprolite-bed,  242. 
I^pratt,  Admirsl  T.,  on  the  Coal-bear- 


ing deposits  near  BreUi  (the  i 

Heradea  Pontiea,  Bithynia),  524. 
Staffordshire,  North,  coal -distnet.  627. 

,  South,  coalfield,  630. 

Starston,  section  in  pit  at,  99. 
Steeple  Ashton,  oordlians  d,  286. 
Steppes  of  Southern  Busna,  Mr.  T. 

Belt  on  the,  84a 
Striated  rock-surfaces,  736. 
Sturminster,  corallian  rocks  oC  276. 
— -,  section  in   railwaj-cattzmr  at» 

276. 
Suffolk,  Prof.  W.  H.  Flowor  on  the 

occurrence  of  remaina  of  Hym»arc 

tos  in  the  Red  Crag  of.  534. 
Swindale  Beck,  near  Knock,  seoticn  of 

strata  m,  464. 
Swithland,  759. 

Ta^rog.  sections  near,  844. 
TaJchir  boulder-beds,  Mr.  H.  F.  BUo- 

ford  on  the  glacial  or  roloanie  ori- 
gin of  the,  Ay}c.  7. 
Tancredia  dutputaia,  395. 
Tate,  Prof.  Ralph,  on  new  species  d 

B^mnites  and  Salenia  from  the 

Middle  Tertiaries  of  Sooth  Aw- 

tralia,256. 
Tectum  formosa,  193. 

plana,  194. 

tenmico$ta,  194. 

temmstriata,  194. 

TemnecMinus  Umeaiut^  46,  65. 
Tertiaries,  Middle,  of  South  Aostralia, 

Prof.  R.  Tate  on  new  specica  oi 

Belemmiies  and  SaUnia  frtxn  the, 

256. 
,  Upper,  of  the  east  of  BngJMwt, 

Mr.  S.  y .  Wood  on  new  oerorreoeea 

of  species  of  molluaoa  from  Cbe, 

119. 
Tertiary  deposits,  AustrsIiaiL,   ProL 

P.  Martin  Duncan  on  the  Echido- 

dermata  of  the.  42. 
geology,  later,  of  Esat  AngBa» 

Memrs.  S  V.  Wood,  Jan.,  and  P. 

W.  Harmer  on  the,  74. 
Tese  valleT.  section  across  the,  SS. 
Datudo  rihusta,  178-187. 

apratii,  18a  185,  186. 

Tkeca  lineata,  66a 

Theiss,    rock-formation    roond    the 

head-waters  of  the,  67r> ;  deanriptioa 

of  drift -formations  in  the  TaUer  of 

the,  676. 
Thirsk,  section  from  the  rale  oC  to 

the  Tale  of  Pickering,  through  the 

Hambleton  MassiTe,  350. 
Tides  in  the   English  Channel  and 

Irish  sea,  29. 
Tippeimiy,  SUereardagh  ooalfieid,  621. 
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Todbere,  ooralllan  rocks  of,  279. 

Topley,  W.  Esq.,  and  O.  A.  Lebour, 

Esq.,  on  the  intnuiTe  character  of 

the  Whin  Sill  of  Northumberland, 

406. 

Torsukitak,  fjord  of,  142,  147 ;  rate 

of  motion  of  the  glacier  of,  150. 
Tortoiae,  from  the  cares  of  Gibraltar, 

188. 
Tortoins,  Prof.  A.  Leidi  Adams  on 
gigantic  land,  and  on  a  small  fresh- 
water species  from  the  ossiferous 
cayenu  of  Blalta,  177. 
TransTBsl,  Mr.  E.  J.  Dunn  on  the 
gold-fields  and  cobalt-mines  in  the, 
879;  section  of  cobalt-mine  in,  879. 
Trap  drkes  of  the  Lizard  district,  910, 

913. 
Trap  yein,  intersecting  gabbro,  907. 
Traquair,  Dr.  B.  H.,  on  the  Agassizian 
genera   Amb/ypterus,   Palaonixw, 
Gyrolfpis,  and  Pygoptenis^  648. 
Trigonia.beds  of  Weymouth,  266. 
Trochocyathus  angulatus,  50i3. 
Trochus  aytonenm,  396. 

cancellatus,  498. 

Trowse,  section  acroas  the  Tare  Talley 

at,  83. 
Tuck's- Wood  Earm,  section  at,  86. 
Tunstall,  Permians  of,  18. 
Turbo  PictetianttSt  497. 
rurrilitee  Wiestii,  492. 

?  Emericianus,  493. 

nobilis,  493. 
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